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1 Introduction

In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [1]:

1: Sidelink design [RAN1, RAN2]:

Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

<Text Removed>
-
Study sidelink L2/L3 protocols
In RAN#104, the following agreements have been reached

Agreements on MAC:

1:
RAN2 will capture L2 packet filtering function with the condition (i.e. if full L1 id is not used in L1 control information). It is FFS whether we need additional filtering function for unicast and groupcast.

2:
Sidelink carrier/resource (re-)selection function is supported in NR MAC at least for NR Sidelink broadcast. RAN2 should further study whether LTE operation can be reused for Sidelink carrier/resource (re-)selection function in NR, considering RAN1 progress.

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

4:
Sidelink specific LCP is supported at least for NR sidelink broadcast in NR MAC. RAN2 should further study how Sidelink specific LCP will work.

5:
Sidelink Buffer Status Reporting is supported for NR sidelink broadcast, groupcast and unicast in NR MAC.

6:
UL/SL TX prioritization is supported for NR sidelink broadcast, groupcast and unicast in NR MAC. Study potential improvements to UL/SL TX prioritization, if necessary e.g. due to potential impact on QoS.

7:
RAN2 should additionally study whether and how to enhance SR procedure/configuration, MAC PDU format, HARQ/CSI feedback/procedure (for groupcast and unicast) (if there is any stage 2 RAN2 issue), and configured SL grant transmission in NR MAC.

Agreements on RLC:

8:
Segmentation and reassembly of RLC SDUs are supported in NR RLC for NR sidelink broadcast, groupcast and unicast.

9:
RLC SDU discard function is supported in NR RLC for NR sidelink broadcast, groupcast and unicast.

10:
If SBCCH is used for NR sidelink (dependent on RAN1 decision on synchronization aspect), a NR TM RLC entity is configured to submit/receive RLC PDUs.

11:
A NR UM RLC entity is configured to submit/receive RLC PDUs, for user packets of SL broadcast, groupcast and unicast. RLC AM is not supported for broadcast.

Agreements on PDCP:

12:
Sidelink packet duplication is supported in NR PDCP for NR sidelink broadcast, groupcast. FFS on unicast.

13:
Timer based SDU/PDU discard function is supported in NR PDCP for NR sidelink broadcast, groupcast and unicast.

In this contribution, we discuss the left issues on UP protocol design.
2 Discussion
2.1 MAC layer
2.1.1 HARQ 
In RAN2#104, the following agreement has been reached
3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

In RAN1#95, the following agreement has been reached

It is supported to enable and disable SL HARQ feedback in unicast and groupcast.

FFS when HARQ feedback is enabled and disabled.

So it motivates a criterion to decide on the usage of HARQ feedback, for which no criterion has been agreed yet. In legacy LTE, HARQ retransmission number is dependent on the UE speed, sync type, CBR level and PPPP value. HARQ feedback is introduced in NR-V2X due to the support of unicast / groupcast, which does not exist in LTE.
Observation 1 RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.

For this issue, HARQ feedback cannot be solely decided by AS layer factors (including speed, sync type, CBR levels and etc.), i.e., higher layer input is needed,

· Reliability requirement: HARQ is only needed when the reliability is required;
· Latency requirement: HARQ feedback is necessary when the latency requirement can afford the feedback delay, i.e., blind re-transmission / repetition would be preferred otherwise;

Therefore, QoS attributive, which is QoS flow / SLRB specific, could be taken into account (either by network in case of mode-1, or UE in case of mode-2), at least considering reliability and latency requirement. Or another way is to rely on TX profile, which means the HARQ feedback is PSID / ITS-AID specific, i.e., no further differentiation between QoS requirement. Thus the former one is slightly preferred.
Proposal 1 AS layer bases on QoS requirement to enable or disable HARQ feedback.

2.1.2 LCP
In LCP for sidelink, the first step is destination selection. In LTE, the destination selection is done based on the LCH priority

Step 0: Select a ProSe Destination, having the sidelink logical channel with the highest priority, among the sidelink logical channels having data available for transmission and having the same transmission format as the one selected corresponding to the ProSe Destination;
The premise for this step is LTE-V2X TX-UE always obtain the SL-grant in a destination-agnostic way, for both mode-3 and mode-4. However, in NR-V2X, it is possible that a SL grant cannot be applicable to all destinations:

· In case of mode-1, the network may allocate the SL grant, specifically for a unicast/groupcast session, considering the CSI feedback and HARQ feedback of a specific unicast / groupcast connection;

· In case of mode-2: the UE may reserve the SL-grant, specifically for a unicast/groupcast session, considering the CSI feedback and HARQ feedback of a specific unicast / groupcast connection. Furthermore, the SL grant may come from another UE (in case of mode-2b/2d) for a specific unicast / groupcast session.

Observation 2 For NR-V2X, the SL grant may not be applicable to all destinations, at least for unicast and group-cast.

Proposal 2 Enhance destination selection in sidelink LCP for unicast and groupcast.

2.2 RLC layer
For RLC AM, it was not in LTE-V2X which is limited to broadcast case. When it comes to NR-V2X, it seems applicable to unicast (which was discussed in FeD2D SI already), but the question is whether to use it for group-cast. 
Proposal 3 Support RLC AM for unicast.
There are two obvious drawbacks if RLC AM is applicable to group-cast:

· Since there are more than one RX-UE, there would be more ARQ re-transmission (considering ARQ re-transmission may be triggered as long as a one RX-UE indicate NACK), this would cause more latency (even more than HARQ re-transmission), which is colliding with the objective of NR-V2X, which targets more delay-critical case than LTE-V2X;
Observation 3 RLC AM would increase end-to-end latency, which collides with the objective of NR-V2X, i.e., targeting at more delay-critical case than LTE-V2X.

· Different from HARQ re-transmission, where the re-transmission may be ignored (considering resource consumption and latency requirement) even if NACK is received from some RX-UE, ARQ in AM mode cannot ignore re-transmission, otherwise the RX window cannot move ahead. It means that as long as one RX-UE is too far from the TX-UE, the RLC packet delivery in the whole group would be stopped. 
Observation 4 If RLC AM is applied to group-cast, the link quality issue of one RX-UE would stop the packet delivery to all the other RX-UEs in the group.
Proposal 4 RAN2 not pursue RLC AM for group-cast.
In LTE ProSe, some revision to RLC layer was introduced considering the broadcast traffic characteristic

For RLC entity configured for STCH, it is initially set to the SN of the first received UMD PDU.

Which is not needed for unicast and groupcast, because the connection has to be maintained during the whole session, so that the initialization of RLC variable can be similar to UL/DL case.
Proposal 5 RLC variable initialization for SL of unicast and group-cast reuse RLC behaviour defined for UL/DL. 

2.3 PDCP layer
Based on the agreement from RAN2#104, the PDCP duplication for unicast is still FFS:

12:
Sidelink packet duplication is supported in NR PDCP for NR sidelink broadcast, groupcast. FFS on unicast.
The argument for the FFS was that the RLC AM can be used for unicast, so that duplication is not needed. However, the two are tools for different issues, i.e., AM is for lossless data delivery while duplication is to serve URLLC. Duplication can be applied to both RLC UM and AM, as it was agreed for Uu interface.
Proposal 6 PDCP duplication is supported for unicast.

One issue is whether PDCP layer behave the same way as in broadcast. In RAN2#103bis, it was agreed that

·  For Q2, agree that set Last_Submitted_PDCP_RX_SN to x-1/4 SN window, Next_PDCP_RX_SN to x + 1.

While this thing is not needed for unicast and groupcast, because the connection has to be maintained during the whole session, so that the initialization of PDCP variable can be similar to UL/DL case.
Proposal 7 PDCP variable initialization for SL of unicast and group-cast reuse PDCP behaviour defined for UL/DL. 

3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.
Observation 2
For NR-V2X, the SL grant may not be applicable to all destinations, at least for unicast and group-cast.
Observation 3
RLC AM would increase end-to-end latency, which collides with the objective of NR-V2X, i.e., targeting at more delay-critical case than LTE-V2X.
Observation 4
If RLC AM is applied to group-cast, the link quality issue of one RX-UE would stop the packet delivery to all the other RX-UEs in the group.


And thus we propose:
Proposal 1
AS layer bases on QoS requirement to enable or disable HARQ feedback.
Proposal 2
Enhance destination selection in sidelink LCP for unicast and groupcast.
Proposal 3
Support RLC AM for unicast.
Proposal 4
RAN2 not pursue RLC AM for group-cast.
Proposal 5
RLC variable initialization for SL of unicast and group-cast reuse RLC behaviour defined for UL/DL.
Proposal 6
PDCP duplication is supported for unicast.
Proposal 7
PDCP variable initialization for SL of unicast and group-cast reuse PDCP behaviour defined for UL/DL.
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