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1   Introduction
During past RAN3 meetings, 8 functional split options using LTE protocols as the reference were proposed for RAN internal functional spitting. In last RAN3 meeting, it is agreed that RAN3 should focus on Option 2 and/or Option 3 for higher layer split options [1]. Besides, main NR L2 functions have been agreed in RAN2 last meeting. This document reconsiders higher layer split options based on the currently agreed NR L2 functions and other issues.  
2   Discussion

2.1   NR L2 functions

In last RAN2 meeting, the overall layer2 structure for NR has been agreed in [2]. The main agreement about NR L2 functions can be summarized as follows:
· For PDCP layer, the main difference from LTE is that PDCP supports the re-ordering functionality even in non-DC case as NR does not prohibit out-of-order deciphering of PDCP PDUs from RLC layer. Considering QoS model for NextGen core as developed by SA2, it needs FFS whether the QoS field is added by PDCP or a new protocol layer above PDCP.
· For RLC layer, no concatenation is considered as working assumption so as to speed up RLC pre-processing. SO-based segmentation is proposed without introducing additional sequence number based on pre-processing. Besides, complete PDCP PDUs can be delivered out-of-order from RLC to PDCP after the PDU is reassembled. However, RLC AM still needs to support T-reordering like functionality for the purpose of generating RLC status report. 
Proposal 1: RAN2 has made basic agreement for PDCP and RLC layer, which can be used to update higher layer splitting options including option2 and option3.  
In the following, we recheck higher layer options based on NR L2 functions and other considerations. 
2.2   Option 2
For option 2-1 and option 2-2, the main differences of NR L2 functions from LTE are out-of-order PDCP PDUs submission from RLC to PDCP layer and the potential QoS filed.  Regarding out-of-order submission, PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case).  Generally, out-of-order PDCP PDUs submission may happen in two cases, 
· out-of-order PDCP PDUs submission from single RLC, which arises from both RLC entity and out-of-order transmission over transport network between CU and DU. 
· out-of-order PDCP PDUs submission from multi-leg RLCs in multi-connectivity scenario.
Observation 1: if in sequence delivery to layers above PDCP is needed, NR PDCP needs to perform reordering function in order to handle out-of-order PDCP PDUs submission from either single-leg RLC or multi-leg RLCs. 

Besides, no matter PDCP or a new protocol layer above PDCP adds the QoS field, it is always PDCP PDUs transferred over CU-DU interface. Therefore, the only potential impact on option 2 is to include a new protocol layer in CU, which has not be discussed yet.
2.2.1 Option 2-1 

In Dual Connectivity, SRBs are always configured as MCG bearer type and therefore only use the radio resources of the MeNB. DRBs are configured as MCG bearer type, SCG bearer type and split bearer. So, in DC, the role of MCGs and SCGs are different. In current TR 38.801, option 2-1 is stated as split U-plane only (3C like option). However, NR network may work at high frequency that is not so reliable, which makes SRB split more appealing. . If the channel condition of master leg (just like MCG in DC) is bad, relative legs (just like SCG belong to the MCG) cannot work normally. In conclusion, if current option 2-1 can support SRB split, it will enhance flexibility and robustness in multi-connectivity scenario.
Proposal 2: Option 2-1 should be enhanced to support SRB split in multi-connectivity scenario, in order to keep flexible and robust of control plane.
2.2.2 Option 2-2

Option 2-2 suggests to separate the RRC and PDCP for the CP stack and the PDCP for the UP stack into different central entities, which is closely related to CP-UP separation topic. Therefore, at least the following issues arises due to CP-UP separation, 
· Separation of control plane and user plane into different central entities makes CU-C entity being responsible for coordinating setup of user plane tunnel between CU-U and DU. 
· Source and target CU-C need to coordinate data forwarding between source and target CU-U, which makes HO/DC procedures more complicated and introduces more time delay. 
Besides, it is already agreed in [3] that the separation of CP and UP for all functions of an E-UTRAN based function set for NR, difficult and likely not practical.
Proposal 3: option 2-2 should be delayed for discussion as it is closely related to CP-UP separation topic, which is identified to be difficult and likely not practical. 
2.3   Option 3

Although complete PDCP PDUs can be delivered out-of-order from RLC to PDCP after the PDU is reassembled, RLC AM still needs to support T-reordering like functionality for the purpose of generating RLC status report. Then for option 3-1, the main impact based on NR L2 functions may be the removal of concatenation functions from RLC layer. However, the removal of concatenation from RLC layer is just a working assumption, which still needs to be confirmed by RAN2. 
Observation 2: it depends on RAN2 whether concatenation function should be removed from RLC layer in option 3-1. 
2.3.1 Option 3-1

Based on LTE scheme, one cons of option 3-1 is stated as follows,

-
DU needs to forward RLC PDUs back to CU to enable data retransmission in CU, which requires larger buffer in CU, and additional data transmission between DU and CU.
Based on the assumption of RLC without concatenation, pre-processing of RLC PDU is enabled, e.g., adding SN. Thanks to SO-based segmentation scheme, no change of sequence number is introduced when segmentation. Therefore, RLC sequence numbering can be isolated from segmentation and concatenation. Assume that CU adds RLC SN, then it is able to buffer RLC PDUs and retransmit them without DU forwarding. However, whether concatenation function is removed has not been confirmed by RAN2 yet.  
Observation 3: it is FFS whether CU is able to perform ARQ without DU forwarding for NR.
Besides, there’re still other cons for option 3-1 which has not been captured in TR 38.801, e.g., 
· Extension of RLC SN space may be needed to tackle Xn latency (backhaul delay becomes part of RLC RTT), which in turn may increase buffering requirements. 
Proposal 4: it is suggested to add the above considerations in TR 38.801 in R3-170174.

3   Conclusion

In this contribution, higher layer splitting options are reconsidered based on NR L2 functions and we have the following observations and proposals.
Observation 1: if in sequence delivery to layers above PDCP is needed, NR PDCP needs to perform reordering function in order to handle out-of-order PDCP PDUs submission from either single-leg RLC or multi-leg RLCs. 
Observation 2: it depends on RAN2 whether concatenation function should be removed from RLC layer in option 3-1. 
Observation 3: it is FFS whether CU is able to perform ARQ without DU forwarding for NR.
Proposal 1: RAN2 has made basic agreement for PDCP and RLC layer, which can be used to update higher layer splitting options including option 2 and option 3.  
Proposal 2: Option 2-1 should be enhanced to support SRB split in multi-connectivity scenario, in order to keep flexible and robust of control plane.
Proposal 3: option 2-2 should be delayed for discussion as it is closely related to CP-UP separation topic, which is identified to be difficult and likely not practical. 
Proposal 4: it is suggested to add the above considerations in TR 38.801 in R3-170174.
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