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1 Introduction

In Rel-15, to support network virtualization and centralized management of the network, disaggregated gNB i.e. gNB-CU/DU split and CP/UP separation are introduced. The disaggregated gNB architecture brings much more flexibility to operators for deployment and it is very promising in 5G. Based on that, to further improve the performance for disaggregated gNB scenario, this contribution gives some analysis and proposes to consider some enhancements in Rel-16.
2 Discussion
In Rel-15, many basic features and functions have been specified for disaggregated gNB scenarios. However, there still exists a large space of improvement. Considering disaggregated gNB is a very important deployment scenario, we propose to study and specify enhancements for NR Rel-16[2][3], including intra-gNB-CU handover enhancement, resource utilization optimization, and capacity and reliability improvement, etc.
2.1 Intra-gNB-CU handover enhancement
· Minimization of intra-gNB-CU handover interruption time

With gNB-CU/DU split and CP/UP separation deployed, the coverage of one gNB could be very big which means intra-gNB-CU handover would be frequent. If the target cell and source cell belong to two different gNB-DU, handover interruption time could not be ignored. Figure 1 gives an example of current intra-gNB-CU/inter-gNB-DU handover procedure without change of gNB-CU-UP.
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        Figure 1 Intra-gNB-CU/inter-gNB-DU mobility without CU-UP update
From figure 1, it could be seen that from time point T1, CU-UP would switch the DL tunnel and send DL data to target gNB-DU based on the request from gNB-CU-CP. Then source gNB-DU would stop sending data to UE considering no further PDCP PDU comes and the buffer in RLC is empty. On the other hand, although the target gNB-DU could receive the DL data before time line T3, it could only start transmitting/receiving user plane packets after the reconfiguration is completed. The total interruption time for intra-gNB-CU/inter-gNB-DU handover would reach approximately (T3-T1). For aggregated gNB scenario, some mechanisms in LTE e.g. make before break could be adopted to reduce the intra-gNB mobility interruption time by implementation. However, since gNB-CU/gNB-DU split and CP/UP separation is introduced, intra-gNB mobility enhancement could not be realized without any impact to E1/F1 interface. Some standardized mechanism should be considered to minimize the interruption time for this case. Similarly, the case of intra-gNB-CU/inter-gNB-DU mobility with CU-UP update is also within the scope.
· Assistance information for handover decision.
In Rel-15, it is already agreed that it is gNB-CU to decide the target cell during handover procedure and gNB-CU makes the decision just based on measurement report from UE. If the selected target cell is overloaded, gNB-DU would reject the handover procedure and gNB-CU needs to select another target cell. In this case, the handover procedure would be delayed which may leads to handover failure in serious scenarios.
Besides, since one gNB-CU-CP could connects to multiple gNB-CU-UPs, gNB-CU-UP change is supported in Rel-15. However, currently, gNB-CU-CP does not have the load status of each gNB-CU-UP it connected, it is hard for gNB-CU-CP to make the decision.
Proposal 1: It is proposed to consider intra-gNB-CU handover enhancement in Rel-16.    

2.2 Resource utilization optimization
In rel-15, PDCP duplication is supported in which duplicated resources in two gNB-DU would be allocated for the UE. To reduce the unnecessary resource consumption, discard mechanism is introduced in Rel-15.  However, the current solution only partially resolves the problem. The following paragraph gives an example. 

[image: image2.emf]... 196 197 198 199 200 202 203 204 205 206 207 201

PDCP PDU 

transmitted 

successfully

PDCP PDU 

without ACK 

received


                                    Figure 2   PDCP PDU transmission status in gNB-DU1
Duplicated PDCP PDUs are sent to both gNB-DU1 and gNB-DU2.In gNB-DU1, the transmission status is as figure 2 depicted i.e. all PDCP PDU with sequence number below 207 are already successfully sent to UE except for PDCP PDU with SN 201. In this case, the gNB-DU1 would only report to gNB-CU-UP that its highest successful transmitted PDCP SN as 200 and gNB-CU would request gNB-DU2 to discard the PDCP PDU below 200.For the PDCP PDU with sequence number from 202-207,it would still be transmitted in gNB-DU2 which means there is unnecessary duplicated transmission. So, further enhancements on the feedback from gNB-DU to gNB-CU-UP are needed.
Besides,fast retranmission is introduced in Rel-15.For fast re-tranmission mechanism, if one of the corresponding RLC PDU segment is missing, the whole PDCP SDU should be retransmitted. Considering the size of one PDCP SDU may be big and it may be further segmented into multiple RLC SDU segments, only support PDCP level retransmission would bring unnecessary resource utilization.In [1],there is simulation on the comparision of PDCP retransmission and RLC segmenation retransmission during handover procedure which also applied to the  intra-CU/inter-DU fast re-tranmission.It could be seen from the simulation result that supporting RLC level re-tranmission would retrieve better resource utilization.
Proposal2: It is proposed to consider how to minimize resource utilization in case of PDCP duplication and fast re-transmission.

2.3 Capacity and reliability improvement for EN-DC/NGEN-DC scenario
In EN-DC scenario, for the case SgNB is disaggregated, it is only supported for the UE to connect with one gNB-DU. From the MeNB side, it does not know whether there is CU/DU split or not and it would send a candidate SCG cell list to SgNB. If the candidate SCG cells are within the same gNB-DU, it is possible for the gNB-CU to decide adding all these cells as serving cell. However, if the candidate SCG cells are from different gNB-DUs, part of the cells would be removed from the serving cell list in SgNB. It is not good for capacity improvement. Figure 3 give an example:
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                      Figure 3   Scenarios for one UE connects to two gNB-DU in EN-DC
For the UE located within the overlapping area of gNB-DU1 and gNB-DU2, it is possible that UE could use the resource of only one cell in each gNB-DU. If UE could only connect to one gNB-DU for EN-DC scenario, the throughput for this UE would be impacted. Besides, we have discussed in Rel-15 on the fast re-transmission to resolve the issue of RL outage. To support fast re-transmission feature and at the same time achieve high bit rate, it is also necessary to setup connection with another gNB-DU. 

Proposal3: It is proposed to consider how to support one UE connecting with two gNB-DUs for ENDC/NGEN-DC scenario.
3 Summary
In this contribution, we analyse the requirement of further enhancement on high layer CU/DU split, then give our proposal as follow:
Proposal 1:It is proposed to consider intra-gNB-CU handover enhancement in rel-16.
Proposal2: It is proposed to consider how to minimize resource utilization in case of PDCP duplication and fast re-transmission.

Proposal3: It is proposed to consider how to support one UE connecting with two gNB-DUs for ENDC/NGEN-DC scenario.
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5 Annex Simulation result in R2-173438
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Figure 1: Comparison of RLC vs. PDCP retransmission
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