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1 Introduction

In RAN2#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.

In RAN2#105, the following aspects were agreed for MAC
1-1: Separate SR resources and configurations are supported for UL and SL in NR Sidelink Mode 1.

1-2:  Multiple SR resources and configurations are supported for different SL logical channels in NR Sidelink Mode 1.

1-3: At least Destination information, LCG information and Buffer Size are included in Sidelink BSR MAC Control Element for NR Sidelink Mode 1.
In RAN2#105bis, the following aspects were agreed for MAC

Agreements on MAC: 
1: 
SL-DCH is not needed in NR V2X.
2:
Restrictions to SL LCP procedure may be considered at least based on different casting modes. FFS whether destination id can distinguish casting mode.

In this contribution, we discuss the left issues on UP protocol design.
2 Discussion
2.1 MAC PDU format
Table 1 Values of LCID for SL-SCH in LTE
	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-10100
	Identity of the logical channel which is used for duplication

	10101-11011
	Reserved

	11100
	PC5-S messages that are not protected

	11101
	PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	11110
	Other PC5-S messages that are protected

	11111
	Padding


In NR-Uu, the number of LCH is increased from 8 to 16, which should be applicable to sidelink as well, i.e., no reason for sidelink to keep the number of LCID for DRB as 10.
Furthermore, more LCH would be used for SRB, i.e., not only for PC5-RRC, but also for PC5-S.
Observation 1 In NR-Uu, the number of LCID for DRB is increased to 16.

Proposal 1 Increase the number of SL LCH for DRB to at least 16.
In order to address the increased number of LCH, NR increase the length of LCID from 5-bit to 6-bit, which results into the following MAC subheader format
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Figure 1 MAC subheader format (upper: R/F/LCID/L MAC subheader with 8-bit L field, middle: R/F/LCID/L MAC subheader with 16-bit L field, lower: R/LCID MAC subheader)
It is straightforward to reuse the existing MAC subheader format for SL-SCH as well.
Proposal 2 Reuse the existing MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.
For the MAC header, since RAN1 has not progressed on the number of bits, RAN2 has to wait for the RAN1 conclusion to progress on that.
2.2 UL/SL prioritization

In R15, the UL/SL prioritization is performed according to the following rules:
Step-1: if there is UL-TX at the same time (except for PRACH/MSG3 transmission, or PUSCH for emergency transmission), the SL-TXs which are above the prioritization threshold are prioritized

Step-2: UL HARQ process would check the feasibility to perform the corresponding UL-TX, together with the SL-TXs;
-
if the MAC entity is not able to perform all uplink transmissions and all transmissions of V2X sidelink communication simultaneously at the time of the transmission; and

-
if uplink transmission is not prioritized by upper layer according to TS 24.386 [15]; and

-
if the value of the highest priority of the sidelink logical channel(s) in the MAC PDU is lower than thresSL-TxPrioritization if thresSL-TxPrioritization is configured.

Observation 2 LTE-V2X use PPPP threshold to prioritize SL over UL.

2.2.1 Collision between MCG UL and MCG SL

To mimic the legacy behaviour in NR, firstly, it should be confirmed that for UL, the RACH/MSG3/emergency PDU connection is always prioritized, e.g., when MCG is under gNB.
Proposal 3 MCG UL of RACH, MSG3 and PUSCH for emergency PDU connection are prioritized over all LTE/NR SL case as in LTE-V2X.
For the other case, one can rely on the QoS attributive to prioritize SL over UL, but rely on PQI instead of PPPP, considering SA2 has already made the following agreement. 
5.4.3.3
Priority Level

The Priority Level has the same format and meaning as that of the ProSe Per-Packet Priority (PPPP) defined in TS 23.285 [8]. 

NOTE:
Using the same format for Priority Level and PPPP provides better backward compatibility. 

Proposal 4 Rely on priority level of PQI to prioritize NR-SL over MCG UL (except for PRACH/MSG3/emergency PDU connection).
2.2.2 Collision within MCG SL(s)
Within the SL transmission, there could be further collision 

1. Between different PC5 RAT

2. For NR PC5, between different cast-types; 

3. For NR PC5, between different transmission mode;

For 1, RAN1 has already reached the following WA, which is based on the comparison between PPPP and priority level of PQI. Anyway, RAN2 can wait for RAN1 progress on it. 

If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 

· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)

If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)

RAN1 does not assume any impact to LTE physical layer specifications

For 2, SA2 has already conclude that no differential between different cast types, and thus a unified PQI definition is used for different cast types, in order for a unified handling.

5.4.3.3
Priority Level

<Text Removed>
The Priority Level shall be used to different treatment of V2X service data across different mode of communication, i.e. broadcast, groupcast, and unicast. In case when all QoS requirements cannot be fulfilled for all the PC5 service data, the Priority Level shall be used to select for which PC5 service data the QoS requirements are prioritized such that a PC5 service data with Priority Level value N is prioritized over PC5 service data with higher Priority Level values, i.e. N+1, N+2, etc (lower number meaning higher priority). 

Proposal 5 Rely on priority level of PQI to priority one SL transmission over another, regardless of its cast type.
For 3, mixed-mode can only be handled after mode-1/2 finalization, so no need for RAN2 work now either.
2.2.3 Collision between MCG SL and SCG UL
Furthermore, considering that the agreed assumption during SI is as follows

The scenarios considered in the study are captured in the following figures. The scenarios can be categorized into standalone and MR-DC scenarios regarding the architecture. The study prioritised Scenarios 1, 2 and 3, and MN controlling/configuring both NR SL and LTE SL in Scenarios 4, 5 and 6 which is covered by Scenarios 1, 2 and 3 respectively.
I.e., the scenario that the UE operating SL under the control of MN is also configured with SN is also included in the scenario. Considering this is not in the scope of LTE, RAN2 has to clarify the UL/SL prioritization considering the simultaneous configuration of UL and SN.
- Either one assumes there is coupling between SL and SCG UL, which means the coupling between MCG MAC and SCG MAC may be needed, i.e., all three link types, i.e., SL, MCG UL and SCG UL are coupled with each other;
- Or one assumes there is no coupling between SL and SCG UL, which means the coupling between MCG MAC and SCG MAC is removed, i.e., the SL is only coupled with MCG UL. It can be achieved if UE reserve separated chain for MCG and SCG.

Observation 3 Coupling between SL and SCG UL would cause complicated coupling between MCG MAC and SCG MAC.

Proposal 6 RAN2 assume no coupling between SL (including LTE PC5 and/or NR PC5) and SCG UL, and therefore no need to consider the prioritization for MCG SL and SCG UL.
2.3 HARQ 
Considering legacy LTE SL allow maximum 8 SL HARQ process, and NR Uu allows maximum 16 UL/DL HARQ process, 8 or 16 are reasonable number for NR SL.
Proposal 7 RAN2 discuss the maximum number of SL HARQ processes, e.g., 8 or 16.

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 4 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 could be taken into account, at least considering reliability and latency requirement. Considering it is already agreed in RAN2#104

4a: For V2X transmission in SL unicast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include transmission related parameters which do not need to be known by the peer UE, plus some parameters that are configured also need to be known by the peer UE.

4e: For V2X transmission in SL gouprcast or SL broadcast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include only transmission related parameters which do not need to be known by the peer UEs.

The feedback enable/disable can be implemented as a SLRB configuration in (pre)configuration.

Proposal 8 HARQ feedback enable/disable can be network configured or pre-configured for each SLRB.
In the LS from RAN1 R1-1905513, two modes for HARQ feedback in case of group-cast are agreed by RAN1

· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.

· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.

In option-2, it is FFS on whether UE-specific resource for PSFCH is needed
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.

· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission

Observation 5 RAN1 has not concluded on whether UE specific PSFCH resource is needed for option-2.
Even if the UE-specific PSFCH resource is adopted, there could be different alternatives to achieve that

A. Based on the assignment of a head-UE, i.e., similar to the concept of mode-2d discussed during SI stage, one head-UE allocate the UE-specific resource to each RX-UE, 
1) Either using unicast signalling, i.e., unicast connection may be needed even in the scenario of group-cast communication;

2) Or using group-cast signalling, i.e., via a group-cast signalling to send out a mapping table between UE and resources;
B. Based on the autonomous selection of each RX-UE, e.g., each RX-UE bases on some ID-related information to select the resource, and thus the collision is solved via randomization.
Where A-1 is the most complicated solution, i.e., similar to mode-2d but dropped from WID due to extremely high specification effort. From that perspective, A-1 is not a feasible solution compared to the others. Yet even if one limits the selection to A-2 and B, it is not purely RAN2 work but more in the RAN1 scope, since the achievable performance of different schemes has to be evaluated by RAN1. It is not only for group-cast but also for unicast as well.

Proposal 9 RAN2 relies on RAN1 for the HARQ feedback resource selection issue.
2.4 LCP
One left issue discussed in [105bis#33] is the destination address multiplexing for unicast case.

Firstly, the benefit from that is to avoid separate MAC PDU for different destination addresses for a same target UE. However, to achieve the benefit, the premise is the said different destination addresses share the same principle of LCP restriction, including

· They are for services mapped to the same frequency carrier;
· In case of mode-1, they are configured to mapped to the same configured grant (if the configured grant mapping is agreed)
· In case of mixed mode, they are configured to mapped to the same mode (if the mode-1/2 mapping is agreed);

Otherwise, i.e., if they are mapped to different frequency carrier / configured grant / mode, they cannot be multiplexed onto the same MAC PDU.

Observation 6 The benefit from destination address multiplexing cannot be achieved if the said destination addresses are mapped different frequency carrier / configured grant / mode.

Secondly, the complexity to achieve that is huge.

· It has an impact on MAC PDU format, i.e., the legacy MAC PDU format which allows a single destination for a same MAC PDU cannot be reused. Considering the change is open for unicast, the change, if any, is limited to unicast, which would cause different MAC PDU format for broadcast / groupcast and unicast;
· It has an impact on LCP procedure, i.e., the legacy LCP procedure which selects a single destination cannot be reused. Similar to the analysis for MAC PDU format, considering the change is open for unicast, the change, if any, is limited to unicast;
· It has an impact to L1 procedure. Since RAN1 may requires (at least part of) L2 ID to be put into SCI / PSFCH for HARQ, the side-effect of multiple destination address in MAC PDU would be how for L1 to derive the L1 ID.

Observation 7 The specification impact from destination address multiplexing is huge, including MAC PDU format, LCP procedure and L1 indexing, especially different handling is needed for broadcast / group-cast and unicast.

Therefore, with huge specification impact and unclear benefit from doing this, we propose to align the broadcast / group-cast and unicast, i.e., no need for destination address multiplexing in the same MAC PDU.
Proposal 10 No destination address multiplexing for a same MAC PDU for all cast types.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
In NR-Uu, the number of LCID for DRB is increased to 16.
Observation 2
LTE-V2X use PPPP threshold to prioritize SL over UL.
Observation 3
Coupling between SL and SCG UL would cause complicated coupling between MCG MAC and SCG MAC.
Observation 4
RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.
Observation 5
RAN1 has not concluded on whether UE specific PSFCH resource is needed for option-2.
Observation 6
The benefit from destination address multiplexing cannot be achieved if the said destination addresses are mapped different frequency carrier / configured grant / mode.
Observation 7
The specification impact from destination address multiplexing is huge, including MAC PDU format, LCP procedure and L1 indexing, especially different handling is needed for broadcast / group-cast and unicast.


And thus we propose:
Proposal 1
Increase the number of SL LCH for DRB to at least 16.
Proposal 2
Reuse the existing MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.
Proposal 3
MCG UL of RACH, MSG3 and PUSCH for emergency PDU connection are prioritized over all LTE/NR SL case as in LTE-V2X.
Proposal 4
Rely on priority level of PQI to prioritize NR-SL over MCG UL (except for PRACH/MSG3/emergency PDU connection).
Proposal 5
Rely on priority level of PQI to priority one SL transmission over another, regardless of its cast type.
Proposal 6
RAN2 assume no coupling between SL (including LTE PC5 and/or NR PC5) and SCG UL, and therefore no need to consider the prioritization for MCG SL and SCG UL.
Proposal 7
RAN2 discuss the maximum number of SL HARQ processes, e.g., 8 or 16.
Proposal 8
HARQ feedback enable/disable can be network configured or pre-configured for each SLRB.
Proposal 9
RAN2 relies on RAN1 for the HARQ feedback resource selection issue.
Proposal 10
No destination address multiplexing for a same MAC PDU for all cast types.
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