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1 Introduction

This document gives some introductions of the discussion on CU/DU split during the SI phase and makes analysis on the requirements and possible solutions for high layer CU/DU split enhancements. Then, we give our proposals accordingly.
2 Discussion
2.1 Background
In the study phase, 8 options for CU/DU split are provided among which option 1-3 are regarded as higher layer function split and option 4-8 are low layer split. For low layer split, there is no conclusion reached during the study phase and a new SI on this topic is approved in last RAN plenary. For high layer function split, although option 3 show its benefit, it is agreed to only standardize option 2 in release 15 as a compromise. The 8 options are depicted in figure 1[1].
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                            Figure 1 8 options for function Split between central and distributed unit
Also, there is discussion on support of CP/UP separation in the central unit. However, there is no detailed discussion on solutions for it and the conclusion is as follows:

 Some of the benefits of Control and User Plane separation based on Release 12 Dual Connectivity were identified, but solutions details were not discussed during the study item[1].
2.2 Requirements on further enhancement for HL CU/DU split
· Support of inter-DU CA

In LTE, the carrier aggregation designed for the ideal backhaul was identified as one of the most important topics in the 3GPP workshop since Rel-10. According to the report of GSA, almost 1 in 3 operators are investing in LTE-Advanced system deployments by the end of 2015, with the commercialization of carrier aggregation being the first feature to be exploited. Therefore it can be regarded as the most mature technique in LTE-A[2]. With the introduction of CU/DU split, there may be cases that two adjacent DUs have overlapping coverage and so they may have the chance to aggregate for better performance. Considering the coverage performance of sub-6 GHz is much more than that of above 6GHz, therefore the inter-DU CA scenario will be also existed in 5G era. 
To improve user experience, it is required to consider how to support inter-DU CA. 

· Minimization of DU change interruption time
Since NR would be deployed in HF, handover or switch between DUs may happen frequently which means delay or data loss/useless duplicated transmission during DU change procedure would impact the system performance seriously. At the same time, in 38.912, the target for interruption time during handover procedure is 0 ms, to meet the requirement of 5G, delay and useless re-transmission should be minimized.  

· Support of CP/UP separation 

Considering the user plane traffic in NR may be heavy while the traffic on the control plane is relative light,it is beneficial to support the scenario that one CP entity connects to multiple UP entities. At the same time, the local breakout of some data transmission is also within the scope. So, support of CP/UP separation should be considered.  
2.3 Potential options on enhancement for HL CU/DU split
In option 2, PDCP layer is in CU and RLC/MAC are located in DU, the architecture is similar with  DC option 3C.However,with this option ,it could not support inter-DU CA since there is two separate RLC entity.For option 3, ARQ function is located in CU, which means it could support inter-DU CA easily.
Observation 1: Option 2 could not support inter-DU CA while option 3 could support it

With option 2 architecture,RLC has to be re-established during inter-DU handover/fast DU switch procedure.So,it is inevitable that the RLC PDU segements which has already been transmitted successfully in the source DU would be re-tranmistted in the target DU.On the contrary,option 3 could enable RLC level re-tranmission since the ARQ function is located in CU.
Observation2: For inter-DU handover/fast DU switch, redundant RLC PDU segments re-transmission will introduce more mobility interruption time which would have impact on the system performance.
It is agreed in RAN2 that duplicated transmission should be supported. For intra-CU/inter-DU duplication scenario, if some RLC PDU segments are lost, in option 2, this part of RLC PDU will be re-transmitted several times until the whole PDU is received and has ACK feedback. However, in option 3-1, UE could assemble RLC PDU according to the RLC PDU segments received from several legs, which will decrease the possibility of re-transmission. So, option 3 could avoid unnecessary data retransmission comparing to option 2 in case of duplication transmission.
Observation 3: For duplication transmission, the data may be unneccearily re-transmitted in another DU even it already been transmitted successfully in one DU which could be avoided by option 3.
Based on the above observations, option 3 could provide better performances and good user experiences to UE in some scenarios. So, it is beneficial to consider making further study on how to support option 3.In this case, it is configurable to support option 3 or option 2 for each DU and thus give more flexibilities on which option could be used.
Proposal 1: It is proposed to consider option 3 as further enhancement for high layer CU/DU split to support inter-DU CA, to decrease inter-DU handover/DU switch interruption time and avoid unnecessary re-transmission.
During the SI phase, the benefit of CP/UP separation has been shown in [1] as follow:
This CP-UP separation permits flexibility for different operational scenarios, such as:
-
Move the PDCP to a Central Unit while keeping RRM in a master cell.

-
Move RRM to a more central location where it has oversight over multiple cells; while allowing independent scalability of user plane and control plane. 
-
Central RRM with local breakout of some data connections of some UEs nearer (or at) the base station site.
In last RAN3 meeting, it is also proposed to consider supporting of CP/UP separation for NR [3]. However, it seems not feasible to complete the standardization of this feature considering there is no detailed discussion in SI phase[4]. So, it is proposed to make further study on CP/UP separation in a new SI.

Proposal 2: It is proposed to make further study on how to support CP/UP separation in case of CU/DU split. 

3 Summary
In this contribution, we discussed the requirement of further enhancement on high layer CU/DU split and have the following observations and proposals:
Observation 1: Option 2 could not support inter-DU CA while option 3 could support it

Observation2: For inter-DU handover/fast DU switch, redundant RLC PDU segments re-transmission will introduce more mobility interruption time which would have impact on the system performance.

Observation 3: For duplication transmission, the data may be unneccearily re-transmitted in another DU even it already been transmitted successfully in one DU which could be avoided by option 3.
Proposal 1: It is proposed to consider option 3 as further enhancement for high layer CU/DU split to support inter-DU CA, to decrease inter-DU handover/DU switch interruption time and avoid unnecessary re-transmission.

Proposal 2: It is proposed to make further study on how to support CP/UP separation in case of CU/DU split. 
Proposal 3: It is proposed for RAN to consider starting a new SI which focuses on the study of further enhancement for high layer CU/DU split. 
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