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Introduction

The following aspects on left issues for MAC design in NR V2X has been considered in this paper:

AS Layer IDs
HARQ process sharing mechanism
MCR impacts on LCP procedure

HARQ feedback enable/disable impacts on LCP procedure
Discussion

AS Layer IDs
In the last meetings (RAN2 107bis and RAN1 98bis), progresses had been made in both RAN1 and RAN2 on the Layer-2 and Layer-1 IDs: 
Agreements in RAN2 107bis:
1: 
The Source Layer-2 ID is 24 bits long and the Destination Layer-2 ID is 24 bits long in NR Sidelink, as in LTE Sidelink.

Agreements in RAN1 98bis:
For the number of bits of L1 IDs,

Layer-1 destination ID: 16 bits

Layer-1 source ID: 8 bits
The main motivation of a longer L1 ID is to reduce the collision probability in Layer 1 to aid proper transmitting and receiving, e.g., soft combination in the HARQ process. 
However, how to derive the L1 ID based on L2 ID is not agreed yet. Collisions of L1 IDs is still the main concern here. For this concern, RAN1 has already made a decision of the L1 DST ID length of 16 bit, together with 8 bit SRC ID. It is anticipated that the collision rate to be a very low level, even in the case of randomly determining the L1 ID in the AS Layer. On the other hand, there is already upper layer mechanism in Rel-12 D2D design that has covered or can potentially cover the collision issues as shown below. 
TS 24.334
10.4.2.4
Direct link setup procedure completion by the initiating UE
For a received DIRECT_COMMUNICATION_REQUEST message from a Layer 2 ID (for unicast communication), if the target UE already has an existing link established to the UE known to use this Layer 2 ID or is currently processing a DIRECT_COMMUNICATION_REQUEST message from the same Layer 2 ID, but with User Info different from the User Info IE included in this new incoming message, the target UE shall send a DIRECT_COMMUNICATION_REJECT message containing PC5 Signalling Protocol cause value #3 "Conflict of Layer 2 ID for unicast communication is detected".

There are already available mechanisms in both RAN1, with longer L1 IDs, and SA2, with L2 ID conflict detection, as used in Rel-12 D2D design, to handle or potentially handle the AS Layer ID collision issue.

In the ProSe design, the L1 ID is simply 8 least significant bits of the Destination Layer-2 ID. In NR V2X, it is suggest maintaining such design, which has least standard impact.

If there are still concerns about the collision issue, it can be left up to SA2 with an enhanced non-access-stratum-layer solution with better forward compatibility and implementation flexibility.

Adopt the L1 ID derivation mechanism in LTE ProSe, i.e., 

L1 DST ID is 16 least significant bits of the Destination Layer-2 ID, and the left 8 most significant bits are carried in the MAC header for SL-SCH; 

L1 SRC ID is 8 least significant bits of the Source Layer-2 ID, and the left 16 most significant bits are carried in the MAC header for SL-SCH.
HARQ process sharing mechanism

It has been confirmed that in the last RAN2 107bis meeting, SL HARQ process of a UE (either TX UE or RX UE) will share its all HARQ process resource among all cast type, and all unicast connections, groupcast and broadcast services.
Agreements on SL HARQ in RAN2#107bis: 

1: 
Like Tx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for transmission, and shared by all cast-types.

2:
Like Tx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. The maximum number of transmitting sidelink processes associated with each NR sidelink HARQ entity is pending on RAN1.

3:
Like Rx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for reception, and shared by all cast-types.

4:
Like Rx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. FFS for the maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity.

Other enhancements to the transmission scheme of NR V2X has also been improved, e.g., the maximum (re-)transmission number has been increased to 32,as shown below.

	Agreements:

At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

Up to 32

FFS the set of values

FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)

If no (pre)configuration, the maximum number is not specified

Note: this (pre-)configuration information is NOT intended for the Rx UE




Such dynamic retransmission scheme brings uncertainty of the transmission period to a single TB. Therefore, how long a TB will be associated with and occupy a HARQ process is uncertain. Since the HARQ process number in a HARQ entity is limited, it is needed to limit any possible unnecessary occupation. In summary, such enhancements in NR V2X pose a challenging requirement on efficient HARQ process usage, which was an implementation problem in LTE V2X. 
Issue is raised on how to efficiently utilize the limited number of HARQ process resource of the NR V2X UE.

From a RX UE perspective, if an SCI is associated with a receiving interest of high priority and no spare HARQ process is available, it is reasonable to pre-empt a HARQ process associated with low priority TB. As we can see, standardization on new HARQ process sharing mechanism like competing or pre-emption mechanisms may be needed to tackle such issue. 
A HARQ process competing or pre-emption mechanism is needed to efficiently utilize the HARQ process. 

A holistic analyse and solution might be needed. However, due to the limited time left for the current release, it might not be practical to get a proper progress on the standardization. Therefore, it is suggested a discussion if such enhancement is needed.

Considering the time limitation, it shall be discussed in RAN2 if a holistic solution for HARQ process competing or pre-emption mechanism is needed.
MCR impacts on LCP procedure
In the last RAN2 107bis meeting, how to determine the range parameter per TB which may influence the physical layer behavior has not been figured out. There are three options available (and the corresponding number of supporting companies):
Option 1: a TB contains data of only the SL LCH(s) having the same/range of MCR (10)

Option 2: a TB generation is done irrespective of the MCR and in accordance to the normal LCP procedure & MCR is selected afterwards as (e.g.) the highest among the constituents (10)

Option3: Leave it to RAN1 (3)

Theoretically, Option 1 undoubtedly offers the best flexibility; however, concerns are also raised if standardization effort is really needed, since:

it is not clear how diverse the MCR will be among the LCHs from the same group which corresponds to the same Application; 

it might be hard or not practical to choose an appropriate MCR value/range for a specific grant;
the resource will be fragmented which results in a lower resource utilization efficiency.
In conclusion, the benefit of introducing the MCR and its impact on the already complicated LCP procedure is apparently far from crystal-clear. Therefore, it is suggested that MCR won’t be a part of the LCP procedure, i.e., the TB is generated irrespective of the MCR.
Also, it is suggested that after the TB has been generated, the highest MCR among the LCHs whose service data contained in the TB will be selected as the MCR of the TB.

RAN2 should agree that the TB generation is done irrespective of the MCR, i.e., in accordance to the normal LCP procedure, and MCR is selected afterwards as the highest among the constituents.
HARQ feedback enable/disable impacts on LCP procedure
It was agreed that in last meeting that HARQ enabled/disabled will influence the LCP procedure,
Agreements on LCP: 

1: 
UE in MAC may select the destination and cast type associated with the highest SL LCH priority for a new transmission. Then only the data of the SL LCHs belonging to the selected destination and cast type can be multiplexed into the MAC PDU to be transmitted.

2:
LCP will take HARQ A/N enabled/disabled into account, e.g. packet with HARQ enabled will be multiplexed only with packets with HARQ enabled.

3:
For Sidelink unicast, data of different destinations is not multiplexed into the same MAC PDU.
To ensure that different HARQ feedback scheme (enabled or disabled) won’t be multiplexed in the same MAC PDU, two alternatives might be adopted in the enhanced LCP procedure,

Alt 1. The HARQ feedback enabled/disabled will be one of the factor of mapping restriction. Example procedure is as follows:

1. Suppose the grant is associated with the HARQ feedback schemes (either enabled or disabled), only LCHs which satisfy or match such condition will be selected.

2. Select a Destination, having the LCHs with the highest priority, among the sidelink logical channels having data available for transmission

3. Allocate the resource to the LCHs in the slected Destination with the matching feedback scheme based on the priority.

Alt 2. The HARQ feedback enabled/disbaled will not be one of the factor of mapping restriction. Example procedure is as follows.

1. Suppose the grant is not associated with the HARQ feedback schemes, i.e., HARQ feedback scheme will not be part of the destination selection.

2. Select a Destination, having the LCHs with the highest priority, among the sidelink logical channels having data available for transmission

3. The HARQ feedback scheme of the LCH with highest priority will be the selected HARQ feedback scheme. 

4. Allocate the resource to the LCHs in the selected Destination and with the same HARQ feedback scheme of the highest LCH.

If the grant is associated with PSFCH resource, then based on the HARQ enable/disable characteristics, if the MAC PDU is HARQ enabled, it will be transmitted with HARQ feedback; otherwise, the PSFCH resource will not be used. Else if the grant is not associated with PSFCH resource, then it can be regarded that the MAC PDU should be HARQ disabled by default.
The two alternatives differ in if the grant will be associated with a specific HARQ feedback scheme.As agreed in RAN1#98 meeting, in physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. As we can see, the physical resource requirements of the two HARQ feedback enabled and disabled are the same, according to the agreement from RAN1. That is to say, in a resource pool with PSFCH resources, both HARQ feedback scheme can be satisfied. This puts the HARQ feedback scheme in a different situation from the factors in the “Selection of logical channels”/mapping restriction which are allowedSCS-List, maxPUSCH-Duration, configuredGrantType1Allowed, allowedServingCells. All factors mentioned above are of special requirements to the physical resource, to satisfy the special transmission requirement of the LCHs.
In conclusion, Alt 2 shall be the more appropriated solution to include HARQ feedback scheme (enabled/disbaled) into the LCP procedure.

RAN2 should consider how to capture the LCP procedure into specification when considering both of the grant scheme with HARQ enable/disable and LCH scheme with HARQ enable/disable.
Conclusion
Based on the analysis provided above, we have the following observation and proposals:
Observation 1
There are already available mechanisms in both RAN1, with longer L1 IDs, and SA2, with L2 ID conflict detection, as used in Rel-12 D2D design, to handle or potentially handle the AS Layer ID collision issue.
Observation 2
Issue is raised on how to efficiently utilize the limited number of HARQ process resource of the NR V2X UE.

Observation 3
A HARQ process competing or pre-emption mechanism is needed to efficiently utilize the HARQ process.
Proposal 1
Adopt the L1 ID derivation mechanism in LTE ProSe, i.e., 

L1 DST ID is 16 least significant bits of the Destination Layer-2 ID, and the left 8 most significant bits are carried in the MAC header for SL-SCH; 

L1 SRC ID is 8 least significant bits of the Source Layer-2 ID, and the left 16 most significant bits are carried in the MAC header for SL-SCH.
Proposal 2
Considering the time limitation, it shall be discussed in RAN2 if a holistic solution for HARQ process competing or pre-emption mechanism is needed.
Proposal 3
RAN2 should agree that the TB generation is done irrespective of the MCR, i.e., in accordance to the normal LCP procedure, and MCR is selected afterwards as the highest among the constituents.
Proposal 4
     RAN2 should consider how to capture the LCP procedure into specification when considering both of the grant scheme with HARQ enable/disable and LCH scheme with HARQ enable/disable.
Reference


1/8


