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1. Introduction
In RAN2#95, a number of proposals were introduced on the user plane stack to simplify the LTE baseline based on the NR performance requirements in TR 38.913 [1] of a peak data rate should be 20Gbps for downlink and 10Gbps for uplink with 4 ms latency, and also to give more freedom to the network when deploying CU/DU. 
This contribution summarizes the user plane modifications to address the concerns raised in RAN2#95 contributions as a way forward. For ease of discussion and based on the existing RAN2 U-plane agreements, the changes are summarized based on LTE U-plane as a baseline.
2. Summary of proposals from RAN2 #95
To provide a high level full picture view for the desired changes to LTE baseline, the proposals and their corresponding motivations and references are summarized in table 1. 
Table 1. Summary of proposals
	
	Proposal
	Motivation
	Reference

	Changes to PDCP

	P1
	Packet deciphering before reordering 
	Packet deciphering before reordering reduces amount of packet processing and latency and simplifies implementation
	R2-165006, Intel, “User plane architecture for NR”
R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”

	P2
	Include full COUNT in header
	1. Avoid heavy re-ciphering processing when pre-ciphered packets are dropped at Tx side
2. Avoid HFN out of sync issue
	R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”


	Changes to RLC

	R1
	Remove concatenation of PDCP packets
	1. Enable more offline header computation by decoupling ARQ and concatenation/segmentation
2. Simplify L2 design
3. Reduce duplicate functions
	R2-164803, CATT, “Single Stage Reordering for NR U-plane Stack”
R2-164785,Nokia, “About UP Functions for NR”
R2-164969, LG, “L2 functions for CU/DU split”
R2-165006, Intel, “User plane architecture for NR”
R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”

	R2
	Remove packet reordering
	1. Reducing duplicate functions
2. Packet deciphering before RLC reordering for non-collocated PDCP and RLC scenarios
	R2-165006, Intel, “User plane architecture for NR”
R2-164969, LG, “L2 functions for CU/DU split”
R2-164785,Nokia, “About UP Functions for NR”
R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”

	R3
	ARQ based on PDCP SN in RLC
	Reduce header overhead incurred by RLC concatenation removal
	R2-164801, CATT, “A Generic U-plane Stack for NR”
R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”

	Changes to MAC

	M1
	MAC subheader next to MAC payload
	1. Address potential requirement due to RAN1 NR design (UL grant to UL Tx time ~= 1 symbol) 
2. Enable pipelining MAC multiplexing and PHY encoding
	R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”



3. The way forward for user plane
The following discuss each aspect in details individually.
Changes to PDCP
· P1: Packet deciphering before reordering
If reordering is needed deciphering should be done before reordering to simplify the implementation. PDCP support for packet deciphering before reordering shall be clarified. For example, packet deciphering before L2 reordering including PDCP and RLC reordering in LTE terms should also be properly supported for dual connectivity scenario. 
Proposal 1: Specification shall not preclude PDCP packet deciphering before L2 reordering in an implementation.
· P2: Include full COUNT in header
Including the full COUNT in the PDCP header implies no need for HFN maintenance: no HFN out-of-sync possible and simplifies deciphering before reordering. The motivation for including the full COUNT is overhead can be traded off to reduce processing.
Proposal 2: Include full COUNT in PDCP header.

Changes to RLC
· R1: Remove concatenation of PDCP packets
Removing concatenation of PDCP packets enables more offline header computation and reduce the real time functions by decoupling ARQ and concatenation/segmentation, and thus allowing simplifying L2 stack design and empowering more options for hardware implementations.
Concatenation in RLC is a duplicate function that makes it harder to enable pre-processing of RLC and MAC layer. Removing concatenation also increases network freedom in CU/DU split deployments.
Proposal 3: RLC does not support concatenation of PDCP packets.
· R2: Remove packet reordering
RLC packet reordering is a redundant operation when PDCP is doing reordering. RLC packet reordering should be further studied in MCG bearer split when MCG is LTE.
Proposal 4: Packet reordering is not required in RLC and can be performed in PDCP. PDCP does not expect in-order delivery from RLC.
It is FFS whether RLC should perform reordering to address MCG bearer split when MCG is LTE. 
· R3: ARQ based on PDCP SN in RLC
Without RLC concatenation, RLC SN is redundant for unsegmented packets and incurs additional overhead in many cases. We suggest RAN2 to study potential RLC ARQ solutions that is based on PDCP SN. Some potential solutions have been discussed in RAN2#95 email discussion [9]. 
Proposal 5: RAN2 studies performance (e.g. via simulation study) of ARQ based on PDCP SN.
Editor’s Notes: Specification shall not preclude an implementation to implement RLC ARQ as part of PDCP if ARQ based on PDCP SN is specified.

Changes to MAC
· M1: MAC subheader next to MAC payload
As described in the motivation, the processing timeline requirement may require transmitter side optimizations to enable the UE to have data ready to send in time. Whether the MAC subheader is next to the MAC payload is therefore a question of whether the transmitter side optimization is deemed more required to meet the RAN1 timelines and overrides the receiver side optimization of having the MAC subheaders at the beginning of the MAC PDU. 
Proposal 6: Whether MAC subheaders need to be placed next to MAC payload or at the beginning of the MAC PDU can be determined once the rest of the U-plane is stable based on whether Tx or Rx side optimizations are prioritized.
4. Conclusion
Proposal 1: Specification shall not preclude PDCP packet deciphering before L2 reordering in an implementation.
Proposal 2: Include full COUNT in PDCP header.
Proposal 3: RLC does not support concatenation of PDCP packets.
Proposal 4: Packet reordering is not required in RLC and can be performed in PDCP. PDCP does not expect in-order delivery from RLC.
Proposal 5: RAN2 studies performance (e.g. via simulation study) of ARQ based on PDCP SN.
Proposal 6: Whether MAC subheaders need to be placed next to MAC payload or at the beginning of the MAC PDU can be determined once the rest of the U-plane is stable based on whether Tx or Rx side optimizations are prioritized.
5. References
[1] TR 38.913 v0.3.0, Study on Scenarios and Requirements for Next Generation Access Technologies
[2] R2-165006, Intel, “User plane architecture for NR”
[3] R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE RX side”
[4] R2-164785, Nokia, “About UP Functions for NR”
[5] R2-164969, LG, “L2 functions for CU/DU split”
[6] R2-164803, CATT, “Single Stage Reordering for NR U-plane Stack”
[7] R2-164801, CATT, “A Generic U-plane Stack for NR”
[8] R2-165578, Qualcomm et al, “U-plane improvements for HW friendly implementations – UE TX side”
[9] R2-166904, “Report from [95#26] Concatenation (Ericsson)”

