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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]In this paper, we discuss the MAC left issues. 
[bookmark: _Ref489281230]Discussion
Resource selection for HARQ retransmissions
In NR SL mode 2, after selecting resources for the initial transmission of a MAC PDU, UE will then select resources for required HARQ retransmissions as highlighted in yellow. However, it’s not clear what will happen if the available resources are not enough for the required number of HARQ retransmissions. For example, N times HARQ retransmission is selected for one MAC PDU, however the available resources can only support N-1 times HARQ retransmission. In our view, the simplest way out is to not do any HARQ retransmission. Another alternative is to only perform those number of HARQ retransmissions that can be supported and forget about those left. 
	TS 38.321
5.22.1.1:
If the MAC entity has been configured by RRC to transmit using pool(s) of resources in a carrier as indicated in TS 38.331 [5] or TS 36.331 [xy] based on sensing or random selection, the MAC entity shall for each Sidelink process:
NOTE:	If the MAC entity has been configured by RRC to transmit using neither SL-RNTI nor SLCS-RNTI but is configured by RRC to transmit using a pool of resources in a carrier as indicated in TS 38.331 [5], the MAC entity can create a configured sidelink grant on the pool of resources only after releasing other configured sidelink grant(s), if any.
1>	if the MAC entity has selected to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, and SL data is available in a logical channel:
2> perform the TX resource (re-)selection check as specified in clause 5.x.1.2;
NOTE:	The MAC entity continuously performs the TX resource (re-)selection check until the corresponding pool of resources is released by RRC or the MAC entity cancels selecting to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs.
2>	if the TX resource (re-)selection is triggered as the result of the TX resource (re-)selection check:
3>	select one of the allowed values configured by RRC in sl-ResourceReservePeriodList and set the resource reservation interval with the selected value;
3>	randomly select, with equal probability, an integer value in the interval [5, 15] for the resource reservation interval higher than or equal to 100ms and set SL_RESOURCE_RESELECTION_COUNTER to the selected value;
3>….
3>	use the randomly selected resource to select a set of periodic resources spaced by the resource reservation interval for transmissions of PSCCH and PSSCH corresponding to the number of transmission opportunities of MAC PDUs determined in TS 38.214 [7];
3>	if one or more HARQ retransmissions are selected:
4>	if there are available resources left in the resources indicated by the physical layer according to clause 8.1.4 of TS 38.214 [7] for more transmission opportunities:
5>	randomly select the time and frequency resources for one or more transmission opportunities from the available resources, according to the amount of selected frequency resources, the selected number of HARQ retransmissions and the remaining PDB of SL data available in the logical channel(s) allowed on the carrier;
5>	use the randomly selected resource to select a set of periodic resources spaced by the resource reservation interval for transmissions of PSCCH and PSSCH corresponding to the number of retransmission opportunities of the MAC PDUs determined in TS 38.214 [7];
….
3>	else:
4>	consider the set as the selected sidelink grant;
3>	use the selected sidelink grant to determine the set of PSCCH durations and the set of PSSCH durations according to TS 38.214 [7];
3>	consider the selected sidelink grant to be a configured sidelink grant.



[bookmark: _Toc32332841][bookmark: _Toc32408723][bookmark: _Toc32417399][bookmark: _Toc37336740][bookmark: _Toc40961409]UE behavior in case of not enough resources for required HARQ retransmissions is unclear.
[bookmark: _Toc32332843][bookmark: _Toc32408731][bookmark: _Toc32417389][bookmark: _Toc37338845][bookmark: _Toc40961416]RAN2 specifies the UE behavior in case of not enough resources for the required number of HARQ retransmissions considering the following alternatives:
a. [bookmark: _Toc32332844][bookmark: _Toc32408732][bookmark: _Toc32417390][bookmark: _Toc37338846][bookmark: _Toc40961417]Do not select resources for any HARQ retransmission
b. [bookmark: _Toc32332845][bookmark: _Toc32408733][bookmark: _Toc32417391][bookmark: _Toc37338847][bookmark: _Toc40961418]Select resources for as many HARQ retransmissions as possible

Besides, when selecting resources for periodic MAC PDUs, UE first selects resources for the initial transmission and required HARQ retransmissions for the first MAC PDU, then extends the selected set of resources for future MAC PDUs by based on the selected reservation interval as highlighted in blue. For example, as illustrated in Figure 1, the initial transmission and HARQ retransmission of MAC PDU#1 are selected within the scheduling window bounded by T1 and T2, then the initial transmission of the MAC PDU#2 will take place P slots (i.e., the period) after the initial transmission of MAC PDU#1, so as for HARQ retransmissions. However, there is a chance that the resources selected for the retransmission of MAC PDU#1 collides with the resources reserved for the retransmission of MAC PDU#2. For example, if the first and second retransmission of MAC PDU#1 are scheduled at slot 10 and 20, given a period of 10 slot the first retransmission of MAC PDU#2 will occur at slot 20 which collides with the second retransmission of MAC PDU#1. 

[bookmark: _Ref32303215]Figure 1: Illustration of resource reservation collision for period MAC PDU transmissions
[bookmark: _Toc32332842][bookmark: _Toc32408724][bookmark: _Toc32417400][bookmark: _Toc37336741][bookmark: _Toc40961410]For periodic MAC PDU resource reservation, when allowing the retransmission of one MAC PDU to occur after the initial transmission of the next MAC PDU, collisions might occur.

To resolve this issue, when selecting the resources for retransmission of the same MAC PDU, retransmissions should occur before the initial transmission of the next MAC PDU. Equivalently, when selecting the resources for retransmission of the first MAC PDU, UE should only select resources within the first resource reservation interval. 
[bookmark: _Toc40961419]For periodic MAC PDU resource reservation, resources for retransmission(s) of one MAC PDU should be reserved before the initial transmission of the next MAC PDU. RAN2 is suggested to add a NOTE in TS 38.321 accordingly.


HARQ FB based resource pool selection
In the following LS from RAN1, it is clarified that a UE can be configured with multiple resource pools on the same carrier. 
	R1-2001304 Reply LS on NR V2X resource pool configuration and selection

Question 3: Whether an NR V2X mode 2 UE can select multiple resource pools on single carrier from RAN1 perspective?
· Answer: An operation of the sensing, resource (re-)selection, and related procedures occurs in a single resource pool for transmission. A UE can be (pre-)configured with multiple resource pools in SL BWP on a carrier. The UE may perform the operations in multiple resource pools simultaneously, but can only transmit one PSCCH/PSSCH in one of them in a SL slot. On the other hand, a UE should be able to receive in multiple resource pools in SL BWP on a single carrier.



[bookmark: _Toc32417396][bookmark: _Toc37336737][bookmark: _Toc40961411]Multiple resource pools can be configured in a single carrier for SL transmission. 
In another aspect, NR SL supports different HARQ configurations, and the transmitted TB may request ACK/NACK feedback, or NACK only feedback, or no feedback at all. Transmitting a HARQ feedback must use the PSFCH resource configured in the same resource pool as agreed in RAN1#96bis meeting. Therefore, selection of resource pool must consider if the resource pool can support demanded HARQ procedure.
	RAN1#96bis (Xi’an, China)
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool



[bookmark: _Toc32417397][bookmark: _Toc37336738][bookmark: _Toc40961412]To enable HARQ feedback transmission, the selected resource pool must be configured with PSFCH resource. 

In Mode 1, when gNB assigns SL grant to a UE, the resource pool selection is implicitly considered and whether the given SL grant is expecting a HARQ feedback is indicated in the DCI as proposed in our companion paper [4]. 
In Mode 2, the UE must autonomously select resources for transmission, which may be organized in multiple transmit pools. As stated above, a transmission pool may or may not be configured with feedback PHY resources (i.e., PSFCH resources). Thus, the UE must first select a pool. The selection of the pool may be restricted, at least, by the HARQ mode required for transmission. Once the pool is selected, the resource allocation procedure determines the resources to be used for transmission. In this way, by appropriately selecting the pool and resources from within that pool, the resulting grant is suitable for requesting SL HARQ feedback, if so required. Example restrictions could be:
· For SL transmissions triggered by data that requires HARQ feedback, a resource pool with PSFCH resource is selected. 
· For SL transmissions triggered by data that does not require HARQ feedback, any resource pool can be selected.

[bookmark: _Toc32417398][bookmark: _Toc37336739][bookmark: _Toc40961413]To obtain a Mode-2 grant, the UE first selects a pool and then applies the resource allocation procedure to the selected pool.
[bookmark: _Toc32417388][bookmark: _Toc37338844][bookmark: _Toc40961420]RAN2 introduces Mode 2 pool selection restriction, at least, by the HARQ mode required for transmission. 

a.	For SL transmissions triggered by data that requires HARQ feedback, a resource pool with PSFCH resource is selected. 
b.	For SL transmissions triggered by data that does not require HARQ feedback, any resource pool can be selected.
CBR based resource pool selection
In LTE SL, the level of congestion is measured by channel busy radio (CBR). Each LTE SL packet is associated with a ProSe per packet priority (PPPP) value and each PPPP is associated with an upper CBR threshold and a lower CBR threshold. 
When a packet of priority PPPP arrives, UE needs to select a carrier for transmission. For initial selection, one carrier is regarded as a candidate if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority. In case of multiple candidate carriers, UE selects the one with the lowest CBR.  
Carrier reselection will be triggered if CBR of the current carrier exceeds the threshCBR-FreqReselection associated with the priority. UE may reselect the carrier from other candidate carriers. If there is no other candidate carrier available, UE will start dropping the packets of associated priority until the CBR of the current carrier is below the corresponding threshCBR-FreqKeeping or other candidate carriers appear. Such CBR thresholds to PPPP mapping (i.e. SL-V2X-FreqSelectoinConfigList) is configured per RRC/SIB signalling and applied to all LCHs. 
[bookmark: _Toc40961414]In LTE SL, carrier selection procedure balances the load among multiple carriers using CBR thresholds associated with different PPPPs, i.e. UE may transmit the packet of certain PPPP only if the CBR of the current carrier is below the corresponding threshold. 
[bookmark: _Toc528339362][bookmark: _Toc528508885][bookmark: _Toc528877232][bookmark: _Toc528877261][bookmark: _Toc686697][bookmark: _Toc7520862][bookmark: _Toc7520914]
Since in NR sidelink communication, UE has to select one pool from many pools, it seems straightforward to mimic the CBR based carrier selection in LTE and select pool based on measured CBR. 
[bookmark: _Toc40961421]RAN2 introduces CBR based resource pool (re)selection for NR sidelink using e.g. threshCBR-PoolReselection and threshCBR-PoolKeeping.

Starvation avoidance is supported in NR sidelink. Basically, data from starved LCHs with SBj>0 will be transmitted before other non-starved LCHs with SBj<0. Besides, how SBj value is updated is described in TS 38.321 as below:

	TS 38.321
For each logical channel j, the MAC entity shall:
1>	increment SBj by the product sPBR × T before every instance of the LCP procedure, where T is the time elapsed since SBj was last incremented;
1>	if the value of SBj is greater than the sidelink bucket size (i.e. sPBR × sBSD):
2>	set SBj to the sidelink bucket size.
NOTE:	The exact moment(s) when the UE updates SBj between LCP procedures is up to UE implementation, as long as SBj is up to date at the time when a grant is processed by LCP.



[bookmark: _Toc40961415]With starvation avoidance, data from starved LCHs with SBj>0 will be transmitted before other non-starved LCHs with SBj<0.

[bookmark: _Hlk40776038]On the other hand, assuming data from a LCH will not be transmitted due to increased CBR in the current pool as proposed in Proposal 2, it will result in a super-hungry LCH at the moment when the LCH re-starts transmitting due to reduced CBR (i.e. SBj will be a large value if the corresponding LCH has not been scheduled for a while). This might impact other non-starved LCH transmission of higher priority. In our view, it is reasonable to stop the starvation timer and reset the SBj to zero when the LCH stops transmitting due to increased CBR (i.e., when the actual CBR exceeds an associated threshold).
[bookmark: _Toc40961422][bookmark: _Hlk16259064]In case of congestion (i.e., SL LCH stops transmitting when the actual CBR exceeds an associated threshold), the starvation timer (i.e. T) will stop counting and the starvation state variable (i.e. SBj) is reset to be zero and stop updating. 

[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk16703546]In section 2 we made the following observations:
Observation 1	UE behavior in case of not enough resources for required HARQ retransmissions is unclear.
Observation 2	For periodic MAC PDU resource reservation, when allowing the retransmission of one MAC PDU to occur after the initial transmission of the next MAC PDU, collisions might occur.
Observation 3	Multiple resource pools can be configured in a single carrier for SL transmission.
Observation 4	To enable HARQ feedback transmission, the selected resource pool must be configured with PSFCH resource.
Observation 5	To obtain a Mode-2 grant, the UE first selects a pool and then applies the resource allocation procedure to the selected pool.
Observation 6	In LTE SL, carrier selection procedure balances the load among multiple carriers using CBR thresholds associated with different PPPPs, i.e. UE may transmit the packet of certain PPPP only if the CBR of the current carrier is below the corresponding threshold.
Observation 7	With starvation avoidance, data from starved LCHs with SBj>0 will be transmitted before other non-starved LCHs with SBj<0.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 specifies the UE behavior in case of not enough resources for the required number of HARQ retransmissions considering the following alternatives:
a.	Do not select resources for any HARQ retransmission
b.	Select resources for as many HARQ retransmissions as possible
Proposal 2	For periodic MAC PDU resource reservation, resources for retransmission(s) of one MAC PDU should be reserved before the initial transmission of the next MAC PDU. RAN2 is suggested to add a NOTE in TS 38.321 accordingly.
Proposal 3	RAN2 introduces Mode 2 pool selection restriction, at least, by the HARQ mode required for transmission.   a. For SL transmissions triggered by data that requires HARQ feedback, a resource pool with PSFCH resource is selected.  b. For SL transmissions triggered by data that does not require HARQ feedback, any resource pool can be selected.
Proposal 4	RAN2 introduces CBR based resource pool (re)selection for NR sidelink using e.g. threshCBR-PoolReselection and threshCBR-PoolKeeping.
Proposal 5	In case of congestion (i.e., SL LCH stops transmitting when the actual CBR exceeds an associated threshold), the starvation timer (i.e. T) will stop counting and the starvation state variable (i.e. SBj) is reset to be zero and stop updating.
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