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The 5G radio access network (RAN) architecture is supposed
to be split into the central unit (CU) and the distributed unit
(DU) in order to support more flexible transport networks and
provide enhanced user experience. However, such functional
split may also introduce some new technical issues. In this pa⁃
per, we study the data fast retransmission issue introduced by
this functional split in different scenarios and solutions are
provided to handle this issue. With the fast data retransmis⁃
sion mechanism proposed in this paper, the retransmitted da⁃
ta packets could be identified and handled with high priority.
In this way, the data delivery between the CU and DU in 5G
RAN is assured.
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1 Introduction
he 5G RAN architecture is supposed to be split in⁃
to the central unit (CU) and the distributed unit
(DU) in order to support various types of transport
networks and multi⁃vendor requirement. The laten⁃

cy ⁃ tolerant network function resides in the CU entity and the
latency⁃sensitive network function resides in the DU entity [1].

For the higher layer split (HLS) solution, there are eight pos⁃
sible CU ⁃DU split options as shown in [2]. According to the
agreements from the 3GPP RAN3#95bis meeting [3], the 3rd
Generation Partnership Project (3GPP) has decided to select
Option 2 (based on Packet Data Convergence Protocol (PDCP)
and decentralized Radio Link Control (RLC)) as HLS solution
for normative work in Release 15. As for the lower layer split
(LLS) solution, the possible solutions can be found in [4] and
the corresponding discussions are still going on. Additionally,

the gNB⁃CU can be further split into the control plane and user
plane [5] in order to support more flexible data services. In this
paper, we focus on HLS only.

The interface between CU and DU is called F1 interface [6].
One CU can connect to multiple DUs and one DU can support
one or more cells. The general principles can be found in [7]
and the application protocol for the F1 interface can be found
in [8]. Considering the CU⁃DU split scenario, one newly raised
issue is that the data transmission may suffer outage due to dif⁃
ferent reasons, such as handover and temporary Radio Link
Failure (RLF). For example, when user equipment (UE) per⁃
forms handover from the source DU to the target DU, the pack⁃
ets which are still buffered in the source DU will be lost. Addi⁃
tionally, the air interface between UE and DU may become un⁃
stable and the packets which are already in the air may not be
confirmed by the UE. Therefore, the DU triggered fast data re⁃
transmission needs to be investigated.

The lost PDCP protocol data units (PDUs) need to be identi⁃
fied and retransmitted with high priority in order to facilitate
the fast transmission for CU ⁃DU split scenario. The network
slicing based handover procedures and mobility management
mechanisms are discussed in [9], but the lost data packets dur⁃
ing the handover procedure is not mentioned. The Fog Radio
Access Network architecture is introduced in [10] and it is
claimed that the associated mobility and resource management
mechanisms can reduce the signaling cost. However, the lost
data packets scenario is not covered. In the following, we will
first describe the typical scenarios for this issue and the corre⁃
sponding solutions for fast retransmission of the lost PDCP
PDUs are also provided. In the following, we denote CU/DU as
gNB⁃CU/gNB⁃DU to make them aligned with the 3GPP specifi⁃
cations.

2 Scenario Description
In this section, we will illustrate the PDCP PDU retransmis⁃

sion issue in three typical scenarios: single connectivity, multi⁃
connectivity, and E⁃UTRAN⁃NR dual connectivity (EN⁃DC).
2.1 Single Connectivity Scenario

Single connectivity means that UE is connected to only one
gNB⁃DU at a certain time instance. Fig. 1 shows the downlink
transmission of the intra⁃gNB⁃CU inter⁃gNB⁃DU handover sce⁃
nario. When UE moves from the source gNB⁃DU to the target
gNB⁃DU, one common situation is that there are still remain⁃
ing data packets buffered in the source gNB ⁃DU waiting for
transmission. Since gNB⁃CU is unaware of the delivery status
for these data packets, the current mechanism in LTE cannot
assure the fast retransmission of these remaining packets in
the source gNB⁃DU and these data packets will be lost.
2.2 Multi⁃Connectivity Scenario

The multi ⁃ connectivity indicates that UE is served by at
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least two gNB ⁃DUs simultaneously. This scenario focuses on
the fast retransmission of data packets, during which UE is
served by one of the gNB⁃DUs with a radio link that is subject
to RLF. Such a scenario is typically encountered with radio
links at high frequencies.

Fig. 2 shows the scenario where UE connects to the gNB⁃
CU via two gNB⁃DUs simultaneously. The data packets are de⁃
livered from gNB⁃CU to the UE via gNB⁃DU 1 and gNB⁃DU 2.
At a certain time point, the radio link of gNB⁃DU 2 encounters
RLF and becomes unavailable, thus all the data packets that
has not been successfully delivered to the UE via gNB⁃DU 2
should be retransmitted to the UE via gNB⁃DU 1. Once the ra⁃
dio link of gNB⁃DU 2 becomes available again, it is expected
that data traffic can be centrally forwarded to the gNB⁃DU 2
hosting the previously broken link. The traffic transmission in
gNB⁃DU 2 will resume as it was before the RLF.
2.3 EN⁃DC Scenario

Fast data retransmission in the EN⁃DC scenario can be con⁃

sidered as another typical case, which indicates that UE may
be configured to utilize radio resources provided by two dis⁃
tinct schedulers in two different nodes connected via non⁃ideal
backhaul, one providing E⁃UTRAN access (eNB) and the other
providing NR access (gNB).

As shown in Fig. 3, we take the inter⁃gNB⁃DU mobility us⁃
ing Master Cell Group (MCG) Signalling Radio Bearer (SRB)
as an example, i.e., UE moves from one gNB ⁃DU to another
gNB⁃DU within the same gNB⁃CU when MCG SRB is available
during EN⁃DC operation.

3 Solutions
In this section, we will demonstrate that the gNB with CU⁃

DU architecture can be enhanced to enable fast retransmission
of PDCP PDUs in a centralized way. The enhanced fast retrans⁃
mission solutions for above scenarios will be illustrated inde⁃
pendently.
3.1 Solution for Single Connectivity Scenario

As shown in Fig. 4, the Intra ⁃gNB⁃DU mobility procedure
[5] can be used to demonstrate the retransmission mechanism
for single connectivity scenario. It can be seen that at Steps 5
and 6, the gNB⁃CU sends a UE Context Modification Request
message to the source gNB ⁃DU, which includes a generated
Radio Resource Control (RRC) Connection Reconfiguration
message and indicates to stop the data transmission for UE.
The source gNB⁃DU could respond with a Downlink Data De⁃
livery Status (DDDS) frame via F1 ⁃U to inform the gNB ⁃CU
about the highest PDCP PDU SN successfully delivered in se⁃
quence to UE and the highest NR PDCP PDU sequence num⁃
ber transmitted to the lower layers, which is the key step for
the fast retransmission of lost PDCP PDUs (shown in the
dashed rectangle in Fig. 4). Based on this information, the gNB
⁃ CU is able to identify the unsuccessfully transmitted PDCP
PDUs in the source gNB⁃DU side. Those unsuccessfully deliv⁃
ered PDCP PDUs will be sent from the gNB⁃CU to the target

CU: central unit
DU: distributed unit
gNB: the official name of 5G base station
UE: user equipment

▲Figure 1. Single connectivity scenario.
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DU: distributed unit
gNB: the official name of 5G base station

MeNB: master eNB
UE: user equipment

▲Figure 2. Multi⁃connectivity scenario.
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gNB: the official name of 5G base station
UE: user equipment

▲Figure 3. E⁃UTRAN new radio⁃dual connectivity (EN⁃DC) scenario.
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gNB⁃DU for retransmission.
3.2 Solution for Multi⁃Connectivity Scenario

For the multi⁃connectivity scenario, the centralized retrans⁃
mission procedure in intra ⁃ gNB ⁃ CU [5] is shown in Fig. 5.
This mechanism allows to perform the retransmission of PDCP
PDUs that are not delivered by a gNB ⁃DU (gNB ⁃DU 1) be⁃
cause the corresponding radio link toward the UE is subject to
outage.

As shown in Fig. 5, UE is receiving data from gNB ⁃DU 1
and gNB⁃DU 2 simultaneously. At a certain time, gNB⁃DU 1
realizes that the radio link towards UE is experiencing outage
and sends the“Radio Link Outage”notification to the gNB ⁃
CU over the F1⁃U, which is a part of the DDDS frame of the
concerned data radio bearer. The message includes the highest
PDCP PDU Sequence Number (SN) successfully delivered in
sequence to UE and the highest NR PDCP PDU sequence num⁃
ber transmitted to the lower layers in gNB⁃DU 1. Based on the
received information, gNB ⁃CU will retransmit the potentially
undelivered PDCP PDUs and the new PDUs via gNB⁃DU 2. If
gNB⁃DU 1 realizes that the radio link is back in normal opera⁃
tion, it may send a“Radio Link Resume”notification to inform
the gNB⁃CU that the radio link can be used again. Then the
gNB⁃CU may start sending traffic via gNB⁃DU 1 again.
3.3 EN⁃DC Scenario

This procedure is used for the case where the UE moves
from one gNB⁃DU to another gNB⁃DU within the same gNB⁃

CU when MCG SRB is available during the EN⁃DC operation.
Fig. 6 shows the inter⁃gNB⁃DU mobility procedure using MCG
SRB in EN⁃DC.

As shown in Fig. 6, UE sends a Measurement Report mes⁃
sage to master eNB (MeNB). Then MeNB performs the SgNB
Modification procedure and the UE context in the target gNB⁃
DU is created. In the following, the gNB⁃CU sends a UE Con⁃
text Modification Request message to the source gNB⁃DU indi⁃
cating to stop the data transmission to UE. Correspondingly,
the source gNB ⁃DU replies a Downlink Data Delivery Status
frame to inform the gNB⁃CU about the unsuccessfully transmit⁃
ted downlink data to UE or lower layers. After UE performs
RRC Reconfiguration procedure with MeNB, the MeNB sends
an SgNB Reconfiguration Complete message to the gNB ⁃CU.
Thus the unsuccessfully transmitted PDCP PDUs in the source
gNB⁃DU are sent from the gNB⁃CU to the target gNB⁃DU. Af⁃
ter the random access procedure is performed between UE and
the target gNB ⁃DU, the downlink packets will be sent to the
UE.
3.4 Handling Retransmitted Packets with High Priority

The retransmission mechanism still has a problem. The only
way for the gNB ⁃CU to acquire the packet delivery status to
UE is DDDS [11]. However, DDDS only reports“the highest
delivered/transmitted PDCP SN”to gNB⁃CU, thus the gNB⁃CU
cannot know whether the retransmitted packets are delivered
or not. In case the PDCP SN of retransmitted packets is lower
than the one already buffered in the gNB ⁃DU, the gNB ⁃CU

1. Measurement report

◀Figure 4.
Procedure of fast data
retransmission in
single connectivity
scenario (Based on
Figure 8.2.1.1⁃1 shown
in TS38.401 [6]).

UE SourcegNB⁃DU TargetgNB⁃DU gNB⁃CU

Uplink user data
Downlink user data

2. Uplink RRC transfer
(Measurement report)

4. UE context setup response
3. UE context setup request

5. UE context modification request
(RRC connection reconfiguration)6. RRC connection reconfiguration

Downlink data delivery status
Downlink user data

7. UE context modification response

12. UE context release complete
11. UE context release command

Uplink user data
Downlink user data

10. Uplink RRC transfer
(RRC connection reconfiguration complete)

8. Random access procedure
9. RRC connection reconfiguration complete

CU: central unit DU: distributed unit gNB: the official name of 5G base station PDCP: Packet Data Convergence Protocol RRC: Radio Resource Control UE: user equipment
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◀Figure 6.
Procedure of fast data
retransmission in the
EN⁃DC scenario
(Based on Figure
8.2.2.1⁃1 in TS38.401
[6]).

UE SourcegNB⁃DU TargetgNB⁃DU gNB⁃CU MeNB

1. Measurement report
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Downlink user data

4. UE context setup response
3. UE context setup request

2. SgNB modification request

5. SgNB modification request
acknowledge6. UE context modification request

Downlink data delivery status
7. UE context modification response

8. RRC reconfiguration procedure
9. SgNB reconfiguration

completeDownlink user data
10. Random access procedure

Uplink user data
Downlink user data

11. UE context release command
12. UE context release complete

CU: central unit
DDDS: Downlink Data Delivery Status
DRB: data radio bearer

DU: distributed unit
gNB: the official name of 5G base station

MeNB: master eNB
PDCP: Packet Data Convergence Protocol
PDU: PDCP protocol data unit
RRC: Radio Resource Control

UE: user equipment

◀Figure 5.
Procedure for fast data
retransmission in the
multi⁃connectivity
scenario (Based on
Figure 8.3.1⁃1 in
TS38.401 [6]).

UE gNB⁃DU1 gNB⁃DU2 gNB⁃CU

CU: central unit
DDDS: Downlink Data Delivery Status
DRB: data radio bearer

DU: distributed unit
gNB: the official name of 5G base station

PDCP: Packet Data Convergence Protocol
PDU: PDCP protocol data unit
RRC: Radio Resource Control
UE: user equipment

0. UE is connected to the gNB⁃CU at RRC and PDCP level. UE has
DRBs configured and active on gNB⁃DU1 and gNB⁃DU2

3. gNB⁃CU decides whether there are other
gNB⁃DUs able to serve the UE and switches

traffic delivery and retransmission of
undelivered PDCP PDUs from gNB⁃DU1 to
such gNB⁃DUs. gNB⁃CU does not necessarily

remove gNB⁃DU1’s DRBs

2. F1⁃U DDDS PDU (radio link outage, lost F1⁃U sequence numbers)

4. gNB⁃DU switches traffice delivery to gNB⁃DU2.
gNB⁃CU sends undelivered PDCP PDUs to gNB⁃DU2

6. gNB⁃CU resumes data traffice transmission to gNB⁃DU1

5. F1⁃U DDDS PDU (radio link resume)
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may clean the buffer and the retransmitted packets could not
be delivered.

In order to facilitate the data transmission procedure, retrans⁃
mitted data packets need to be identified and handled with
high priority at the gNB⁃DU side. One straightforward way is to
introduce an indication in the retransmitted packet. To be spe⁃
cific, a“retransmission flag”is introduced in the spare bit of
DL_USER_DATA. The detailed illustration for the DL_US⁃
ER_DATA frame structure can be found in [12]. When the gNB⁃
CU performs retransmission, it indicates to the gNB⁃DU wheth⁃
er the packets are retransmitted or not by the value of this flag,
which can help the gNB⁃DU to identify retransmitted packets
easily. At the gNB⁃DU side, once the retransmitted data pack⁃
ets are identified, the gNB⁃DU will handle the corresponding
data frame separately. For example, besides the normal trans⁃
mission queue, gNB⁃DU will additionally provide a retransmis⁃
sion queue for the retransmitted packets in order to guarantee
the scheduling of retransmitted data with high priority.

4 Conclusions
In this paper, we study the fast data retransmission issue in⁃

troduced by the functional split of the 5G RAN architecture.
Three typical scenarios (the single connectivity scenario, multi⁃
connectivity scenario, and EN ⁃ DC scenario) are respectively
described in order to illustrate the PDCP PDU data retransmis⁃
sion issue. We also provide the solutions targeting the above
scenarios, which have already been agreed and captured by
the 3GPP specifications [6]. With the data retransmission
mechanism described in this paper, the retransmitted data
packets could be identified and handled with high priority.
Thus the data delivery between the gNB⁃CU and the gNB⁃DU
in 5G RAN is assured.
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