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1. Introduction

In RAN2#107bis meeting, some agreements about NR SL HARQ handling had been made: 

Agreements on SL HARQ: 
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.

5:
From a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process.

6:
For unicast/groupcast communication, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID and HARQ process id.

7:
For unicast/groupcast communication, the Tx UE’s MAC is able to receive the sidelink HARQ feedback indication (e.g. ACK or NACK) from SL PHY layer.

8:
For unicast/groupcast, the network shall configure the HARQ enable/disable to Tx-UE:


- For RRC_CONNECTED UEs: the gNB configure via RRC message.


- For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB.


- For OOC UEs: via pre-configure.

9:
RAN2 to support SL HARQ feedback enable/disable configures in SLRB level:


- For both mode1&mode2 UEs: SLRB level in RRC message.


- For Idle/Inactive/OOC UEs: SLRB level in SIB/pre-configuration message.
In this contribution, we discuss remaining issues on HARQ support for NR sidelink, including:
-  Consideration on HARQ maximum retransmission number;

- Consideration on HARQ process release in receiving side;
- Consideration on groupcast HARQ feedback option 1/2;

2. Discussion
2.1. HARQ maximum retransmission number

In LTE Uu, synchronous non-adaptive retransmission can be used in UL. Hence maximum number of transmissions for UL synchronous HARQ needs to configure to UE as followings: 
MAC-MainConfig information element

-- ASN1START

MAC-MainConfig ::=




SEQUENCE {


ul-SCH-Config





SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8,













n10, n12, n16, n20, n24, n28,













spare2, spare1}

OPTIONAL,
-- Need ON

In NR, synchronous non-adaptive retransmission is not supported any more. Hence maxHARQ-Tx is not configured to UE but up to gNB implementation. In LTE V2X, no HARQ feedback is supported. Hence related maxHARQ-Tx is also not needed. However in NR sidelink, HARQ feedback is supported for unicast and groupcast. 
In the last RAN1 meeting, maximum number of HARQ (re-)transmission related agreements are as following:

	Agreements:

· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool


· The priority is the one signaled in SCI

· This includes both blind and feedback-based HARQ (re)-transmission

· The value range is any value from 1 to 32

· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total




According to the above agreements, maximum number of HARQ transmission is decided by priority, CBR and transmission resource pool. The priority of MAC transport block used in physical layer is deduced from the priorities of each MAC subPDUs. From RAN2 point of view, SL HARQ feedback enable/disable is configured in SLRB level. And from the perspective of QoS management, it seems more precise if maximum number of SL HARQ transmission is decided in SLRB level, i.e. QoS/priority level. 

RAN2 needs to discuss whether MAC SDUs with different maximum number of HARQ transmission can be multiplexed into one transport block. If multiplexing is not permitted, e.g. MAC SDUs with maxHARQ-Tx = 4, MAC SDUs with maxHARQ-Tx = 5, and MAC SDUs with maxHARQ-Tx = 6 will be transmitted separately. In our understanding, LCP and resource reservation processing complexity will be increased rapidly and resource efficiency will be reduced. Furthermore, in LTE Uu, maxHARQ-Tx is also configured in UE level not in RB level and in NR Uu, HARQ (re)transmission is per UE level not per RB level. 

Observation 1: Not permitting multiplexing packets with different maximum number of HARQ transmssion will increase LCP and resource reservation processing complexity and reduce resource efficiency.
Secondly,  the above RAN1 agreements are only applicable for mode 2 UE. However for mode 1, SL HARQ transmission and retransmission are all controlled by gNB. gNB can manage maximum number of SL HARQ transmission.  In other word, control mechanisms for maximum number of HARQ transmission are different between mode 1 UE and mode 2 UE. Mode 1 UE may have no idea about maximum number of HARQtransmission. Mode 1 UE and mode 2 UE may have different LCP procedure if LCP take smaximum number of HARQ transmission into account.
Observation 2: Mode 1 UE and mode 2 UE may have different LCP procedure if LCP takes maximum number of HARQ transmission into account.

Considering both mode 1 UE and mode 2 UE, we prefer that LCP will not impact by the configuration for maximum number of HARQ transmission, e.g. packet with same HARQ feedback configuration can be multiplexed for same PC5 link. According to RAN2's priority processing rule, multiplexed packet will use the highest priority value of each component SDUs.
Proposal 1: LCP will not impact by the configuration for maximum number of HARQ transmission, e.g. packet with same HARQ feedback configuration can be multiplexed for same PC5 link and highest priority value of each component SDUs can be indicated to physical layer.
2.2. HARQ process release in Rx 

In last RAN2 meeting, basic HARQ model in NR SL, i.e. similar with LTE, had been concluded. Only one NR sidelink HARQ entity and a number of parallel sidelink processes are maintained for each sidelink carrier for transmission/reception, and shared by all cast-types. The maximum number of transmitting sidelink processes associated with each NR sidelink HARQ entity is pending on RAN1. 

From our understanding, SL HARQ Tx entity behavior is clear and controllable. But for Rx HARQ entity, its behavior seems not very clear by now. There are following issues to be clarified:
Issue 1: whether the maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity needs to be specified or informed to Tx-UE or gNB?
Issue 2: whether Rx HARQ process enhancement, e.g. release indicator or preemption rule, is needed?

For issue 1, it depends on whether different capabilities and capability negociation about maximum number of sidelink processes associated with each NR sidelink HARQ entity is needed between Tx-UE and Rx-UE. For example, when the maxNum of HARQ processses in Tx-UE is 16 and the one in Rx-UE is 8, capability exchange is needed for proper HARQ processing. But in our understanding, the maxNum of receving processes is a dynamic capability shared by all HARQ entities in Rx-UE side. Furthermore, the transmitting process ID and the receiving process ID are not same value, i.e. receiving process ID can be remapped by Rx-UE itself. If Rx-UE is interested in multiple Tx-UEs' services, it is up to Rx-UE capability for limitation of maximum number of receiving processes.
Proposal 2: The maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity does not need to be specified.
For issue 2, Rx HARQ process release has some obvious trigger events, e.g. upon successfully receiving or a explicit NDI for a new transmission with same HARQ process ID and same link/source ID. Since maximum number of HARQ transmission is decided by priority and CBR, it is hardly for a Rx-UE to judge whether the current HARQ transmission is the last one or not if receiving is not successful. Hence the worst scenario is that the Tx-UE gives up after the maximum number of transmission attempts is still unsuccessful but the Rx-UE does not know and continues to wait and no sequential new data is scheduled with the same process ID. From the Rx-UE side, the receiving process ID will be occupied for a long time needlessly. In order to fasten receiving process release, some transmission indicator will be carried, e.g. End Attempt Indicator.
Furthermore, when the HARQ process number achieves maximum limitation, some preemption rules can be considered for better reception, such as:
- Based on priority carried in SCI;

- Based on the inactivity timer expire of a occupied HARQ process;

- Based on user's preference;

Proposal 3: RAN2 to discuss whether the release indicator or preemption rule for SL receiving HARQ process is needed.
2.3. Groupcast HARQ feedback option 1/2 
In last meeting,  RAN1 had sent LS to request SA2 to provide necessary support for delivery of group information to AS layers for supporting groupcast HARQ feedback option2 (both ACK/NACK mode). SA2 had the following response:

SA2 would like to provide the following understanding and the attached TS 23.287 CR captures support for delivery of group information from V2X layer to AS layer for groupcast control.

· If a group size and a member ID are provided by the V2X application layer, the V2X layer passes them down to the AS layer.

· In this case, the AS layer can use HARQ-ACK operation by using these information provided by the V2X layer. Therefore, Option 2 can be supported. Anyhow, which option is used is up to the AS layer.

· Please note that it is assumed that the V2X application layer provides accurate and up-to-date information on the group size and the member ID.

· If a group size and a member ID are NOT provided by the V2X application layer, the V2X layer cannot provide these information to the AS layer.

· In this case, Option 2 cannot be selected by the AS layer.

From RAN2 point of view, HARQ feedback enable/disable is configured by gNB in SLRB level. With similar rule, it can be considered how to select groupcast feedback option, i.e. option 1 or option 2. Besides QoS requirements, group information, e.g. a group size and a member ID, are necessary for option selection. Hence a connected UE should report group information along with QoS profile to gNB. Based on these informaiton, gNB can configure to UE whether groupcast feedback option 2 is used or not and inform corresponding resource pool with suitable feedback resource settings. For a idle/inactive UE, groupcast feedback option 2 related configurations and rules can be got from SIB and OOC UE from pre-configuration.
Proposal 4: UE should report group information, e.g. group size, along with QoS profile to gNB for groupcast feedback option 2 configuration.
Proposal 5: For groupcast, the network shall configure the HARQ feedback option 2 to Tx-UE:
- For RRC_CONNECTED UEs: the gNB configure via RRC message;
- For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB;

- For OOC UEs: via pre-configure;

3. Conclusion

In this contribution, we discuss the remaining issues on HARQ support for NR sidelink. Based on the discussion, we have the following observations and proposals:

Observation 1: Not permitting multiplexing packets with different maximum number of HARQ transmssion will increase LCP and resource reservation processing complexity and reduce resource efficiency.

Observation 2: Mode 1 UE and mode 2 UE may have different LCP procedure if LCP takes maximum number of HARQ transmission into account.
Hence we propose: 

Proposal 1: LCP will not impact by the configuration for maximum number of HARQ transmission, e.g. packet with same HARQ feedback configuration can be multiplexed for same PC5 link and highest priority value of each component SDUs can be indicated to physical layer.
Proposal 2: The maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity does not need to be specified.
Proposal 3: RAN2 to discuss whether the release indicator or preemption rule for SL receiving HARQ process is needed.
Proposal 4: UE should report group information, e.g. group size, along with QoS profile to gNB for groupcast feedback option 2 configuration.
Proposal 5: For groupcast, the network shall configure the HARQ feedback option 2 to Tx-UE:
- For RRC_CONNECTED UEs: the gNB configure via RRC message;
- For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB;

- For OOC UEs: via pre-configure;
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