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Introduction
The work item for NR V2X was approved in RAN#83, and revised in RAN#85 [1], and the objectives were identified in relation to L2/L3 protocols and procedures that are common across both Mode 1 and Mode 2:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Sidelink L2/L3 protocols and signalling
· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]
· AS level link management for unicast [RAN2, RAN1]
· Define the criteria of PC5 availability/unavailability for unicast based on this functionality.



In this contribution, we propose procedures for efficient groupcast communications.
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It was agreed that only one HARQ entity is maintained for each of the sidelink carriers for reception i.e., the HARQ processes are shared between connections. This can lead to a shortage of HARQ processes on the receiver side when several transmitters occupy the HARQ processes at the same time. Furthermore, the introduction of up to 32 retransmissions exacerbates this problem, as the HARQ processes can be occupied for a longer time. To mitigate these issues, one of the methods would be to limit the maximum number of HARQ processes per link.
HARQ Procedure
The HARQ procedure depends on the configuration of the resource pool. The periodicity of PSFCH feedback resources per resource pool can be configured with periodPSFCHresource.
The possible values for a periodPSFCHresource [2] are as follows:
· 0 - no feedback resources,
· 1 - feedback resources every slot,
· 2 - feedback resources every second slot,
· 4 - feedback resources every 4th slot.

Figure 1 shows the possible configurations of periodPSFCHresource when feedback is enabled.
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Figure 1: PSFCH Feedback Periodicity as configured by periodPSFCHresource = [0, 1, 2, 4] slots.

The minimum time gap between the reception of a PSSCH data transmission and the associated PSFCH feedback resource is also configurable per resource pool. The possible values for MinTimeGapPSFCH as the minimum time gap between PSFCH feedback and the associated PSSCH transmission are as follows:
· 2 slots,
· 3 slots.

Figure 2 shows the timing of the MinTimeGapPSFCH configurations.

[image: ]
Figure 2: Minimum time gap between PSFCH and the associated PSSCH in Slots.

Observation 1: The number of required HARQ processes depends on the resource pool configuration.

Number of HARQ Processes
Taking the above into account, the round-trip time can be calculated as

where,
 corresponds to the minimum time gap between PSSCH and PSFCH (MinTimeGapPSFCH).
 corresponds to the PSFCH feedback resource periodicity (periodPSFCHresource).

This results in a maximum round trip time of
 = 7 slots,

when taking a MinTimeGapPSFCH of 3 slots and a periodPSFCHresource of 4 slots. Therefore, the maximum required number of HARQ processes is 7.
Figure 3 shows this configuration with the initial transmission of PSSCH with HARQ process number 1 just missing the PSFCH in slot n+2. The feedback is therefore sent in slot n +6 allowing for a reuse of the process in slot n+7.
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Figure 3: Maximum SL round trip time and required HARQ processes.

As the HARQ process number is signalled in the DCI with  bits, a value  should be chosen. Therefore, a suitable candidate for the maximum number of HARQ processes is 8.
Observation 2: A maximum of 7 HARQ processes per connection are sufficient.

Similarly, we can calculate the minimum round trip time and required number of HARQ processes.
This results in a minimum round trip time of
 = 3 slots,

when taking a MinTimeGapPSFCH of 2 slots and a periodPSFCHresource of 1 slot. Figure 4 shows this configuration.
Therefore, the minimum required number of HARQ processes is 3. 
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Figure 4: SL round trip time with MinTimeGap = 2 and PeriodPSFCH = 1.
This results in a minimum of 4 HARQ processes per connection with N=2 bits.
Observation 3: A minimum of 3 HARQ processes per connection are required.

Based on the above analysis, we propose that the maximum number of HARQ processes per connection should be limited to 8. It is also possible to limit the number of HARQ processes to 4, based on the parameters defined in the resource pool.

Proposal 1: Limit the maximum number of HARQ processes to 8 per connection.
Proposal 2: Limit the number of HARQ processes to 4 when permitted by the resource pool parameters. 
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Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: The number of required HARQ processes depends on the resource pool configuration.
Observation 2: A maximum of 7 HARQ processes per connection are sufficient.
Observation 3: A minimum of 3 HARQ processes per connection are required.
Based on the observations, we propose the following:
Proposal 1: Limit the maximum number of HARQ processes to 8 per connection.
Proposal 2: Limit the number of HARQ processes to 4 when permitted by the resource pool parameters. 
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