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1. Introduction
Until RAN1#100-e meeting [1], we had many discussions and agreements on NR-V2X WID. There are a few remaining issues to make RAN1 specs completed. In this contribution, we share our views on SL RA mechanism mode 2 for NR-V2X.

2. Discussions
2.1. Reservation for a different TB 
In the current specification, reservation of a resource for a different TB is allowed by “Resource reservation period” field only if enabled. As this field indicates only time domain interval between the current transmission and the next transmission, there would be no way to indicate frequency domain resource specific to a different TB. In other words, when a UE transmits a different TB with different frequency domain resources, no reservation (at least for an initial transmission) would be allowed. Since the same frequency domain resources at the next period are reserved/used by other UE, it is an issue that reservation of resources for a different TB with different frequency domain resources is not allowed. This issue needs to be solved in this release in our view as collision of resources is highly likely to happen without reservation in advance.
One possible approach to solve this issue would be to enable to reserve a resource for a different TB by using Time/Frequency resource assignment fields. For transmissions of the same TB (i.e. an initial transmission and retransmission of a TB), the current specification has already covered the reservation of resources for multiple transmissions with different frequency domain resources. It can be reused for a reservation of a resource for a different TB. To distinguish a different TB from the same TB is possible as SCI has HPI and NDI fields. Based on above, we see no issue on reservation of a resource for a different TB by Time/Frequency resource assignment fields. Therefore, we support that reservation based on Time/Frequency resource assignment fields should be allowed for “any” TB, including both the same TB and a different TB. Also, whether the reserved resource is used for the same TB or a different TB is up to UE implementation in our view.
Proposal 1:
· Resource reservation for a different TB by Time/Frequency resource assignment fields is supported.
· Whether the reserved resource is used for the same TB or a different TB is up to UE implementation.


2.2. Reservation for a retransmission of a TB 
Here is our view on whether to guarantee reservation of a resource for feedback-based HARQ retransmission.
Firstly, it would be quite reasonable that for feedback-based HARQ retransmission, a resource for a retransmission of a TB is reserved by a prior SCI associated with an initial (or earlier) transmission of the TB to ensure high reliability required in NR V2X. Except for the reservation by a prior SCI associated with the same TB, a resource for a retransmission couldn’t be reserved, leading high probability of collision.
On the other hand, it would be true that a resource for a retransmission could be missed due to some reasons, e.g. pre-emption, Uu-SL priority competition, congestion control. If reservation of a retransmission is allowed by a prior SCI associated with the TB only, missed retransmission could not be transmitted again. Such situation needs to be avoided to increase reliability of SL communication. 
Based on above, our view on this issue would be to specify that 1) a resource for a retransmission of a TB shall be reserved by a prior SCI associated with the TB, and 2) exception cases of above. For exceptions, as described above, at least pre-emption, Uu-SL priority competition and congestion control would need to be taken into consideration. Currently, we do not see the other missing case. If any, the case should be specified in the exceptions.
Proposal 2:
· A UE shall reserve a sidelink resource for a retransmission of a TB by a prior SCI associated with the TB.
· The following exceptions of above are specified.
· Pre-emption, Uu-SL priority competition and congestion control.


2.3. Resource selection for HARQ-based reTX
	Agreements:
· In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· ‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource 
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation


At the last e-meeting, it was agreed that some resources are excluded from the identified resource set to meet HARQ RTT (as shown above). One remaining issue is how to select resources from the identified resource set for HARQ-based retransmissions; random selection or other mechanism. For this issue, PDB limitation needs to be considered carefully in some cases.
One or two future resource(s) can be reserved by one transmission according to the previous agreements. Let us assume two resources for a TB are selected from the resource selection window, and the first one indicates the second resource to reserve. If the second resource is intended for HARQ-based retransmission, clearly PSFCH shall be transmitted between the two transmissions. In this case, resources between the first PSSCH and the corresponding PSFCH, and resources right after the PSFCH are unavailable for the second transmission due to PSFCH processing time and PSSCH preparation time. The agreements at the last e-meeting ensures the PSFCH transmission between two transmissions of a TB.
To meet HARQ RTT restriction, we assume the following approach during resource (re-)selection for feedback-based HARQ retransmission. For instance, a TX UE is going to reserve two resources by a single SCI, one is an initial transmission and the other is retransmission of a TB, respectively. At Step 1, the TX UE identifies the candidate resources in the resource pool. Based on the candidate resources, at Step 2, the TX UE determines a resource “for an initial transmission at first”. After that, the remaining candidate resources are updated by taking the resource reserved earlier into account with HARQ RTT restriction. And then, based on the updated candidate resources, the TX UE determines the resource for the retransmission. In other words, at Step 2, the candidate resources for resource selection is updated per reserved resource. From the earlier resource’s point of view, there would be no need to consider the later resource in time domain. On the contrary, from the latest resource’s point of view, to consider the earlier resource in time domain would be necessary. Therefore, such update of candidate resources at Step 2is assumed. Also for both resources, PDB limitation has to be met.
Given the assumption above, we see an issue of random selection especially regarding the later resource for a retransmission: there may be no candidate resources in selection window after the prior resource selection, which is available for (re)transmission while meeting both HARQ RTT restriction and PDB limitation. One potential case would be PDB limitation is quite severe, i.e. only small selection window like less than 32 slots is identified. For example, configured PDB itself can be very severe due to latency requirements for corresponding SL transmission. Or, after some retransmissions, the remaining PDB can be insufficient for resources of further retransmissions. Fig. 1 below shows a case where selection window duration is quite short due to severe PDB limitation. 


Fig. 1: Example of selection window with severe PDB limitation

To solve this issue, we would propose that when selecting a resource an initial (or earlier) transmission, in addition to random resource selection, another approach would be supported. For instance, earlier resource is selected or prioritized for each resource to be selected in step 2, i.e. earlier resource selection at Step 2 instead of random selection criteria. This approach would be quite beneficial especially when selection window size is smaller than e.g. 32 slots, where fewer number of candidate resources is assumed. Fig. 2 show an example of our proposed earlier resource selection, where earlier resource in slot n+T1 is selected. As a result, more candidate resources are available for other resource(s) while meeting both HARQ RTT restriction and PDB limitation.


Fig. 2: Example of earlier resource selection
Observation 1:
· For HARQ-based retransmission, resource selection mechanism should be updated.
Proposal 3:
· In Step 2, to select earlier resources should be supported for feedback-based HARQ retransmission.


2.4. Re-evaluation/pre-emption
	Agreements:
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m, 
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource 
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation 
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated




Regarding re-evaluation/pre-emption, there still remains the three FFS points. The first FFS is that whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’ or not. Although Step 1 of the resource (re-)selection procedure (i.e. re-evaluation and/or pre-emption) at least at the moment ‘m-T3’ is supported, re-evaluation before the moment ‘m-T3’ (or after ‘m-T3’ also) would be up to UE implementation based on the current agreements. One of the benefits of Step 1 checking before ‘m-T3’ would be that a TX UE is able to re-select earlier resource(s) than the pre-selected one for a transmission, which means less latency is achieved. If it is mandated at every slot before ‘m-T3’, all TX UEs shall look for a new resource with less latency for any transmission as long as UE processing time is ensured. 
Our view on above would be that, although we see the benefit, whether to mandate is necessary would be questionable. While some traffics may need such less latency, other traffics may not. It should also be allowed that a traffic which doesn’t need to be transmitted so early would be transmitted at pre-selected slot without seeking less latency. Therefore, we propose below:
Proposal 4:
· To mandate to perform Step 1 checking every slot before ‘m-T3’ is NOT necessary. 


The second FFS has two parts: one is whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and the other is whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to timing restriction. 
Firstly, the meaning of “any introduced timing restrictions” should be clarified. In our view, there is a timing restriction to be ensured among resources reserved for a TB, which is HARQ RTT. In the last e-meeting [1], it was agreed that a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected. This is the only restriction that need to be ensured in resource re-selection from our perspective.
Given the understanding on timing restriction above, for the first part of the FFS, our view is that evaluation of Step 2 does NOT have to ensure timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered as the motivation is unclear. On the other hand, for the second part of the FFS, it should be allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restriction (i.e. HARQ RTT restriction). For instance, there could be a case that after 3 resources are pre-selected, the first resource (i.e. the earliest one in time domain) would be re-evaluated and the TX UE would try to select a new resource instead. In this case, considering HARQ RTT restriction with the remaining two resources, the TX UE may not be able to find any resources available for the new re-selected resource. As a result, the TB to be transmitted in the pre-selected resource wouldn’t be transmitted. To avoid this issue, the change of the pre-selected but not reserved resources which are still in the candidate resource set needs to be allowed in our view.
Proposal 5:
· From re-selected resource perspective, pre-selected resource is not considered in time domain.
· It is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set to ensure the timing restriction.


The third FFS is that whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated. Between the reservation of a resource for the next periodic transmission in upcoming period and the actual transmission, another UE may look for resource(s) for its transmission based on its sensing/resource (re-)selection procedure. In the procedure, any resource, including the one already reserved for the next periodic transmission, could be (re-)selected by the other TX UE as long as RSRP of the resource that the other TX UE measures would be lower than configured RSRP threshold. Therefore, it could be the case that a periodic transmission would collide with another transmission from the other TX UE in a resource. If collided, both transmissions could fail to be decoded correctly. To avoid this issue, we would support the re-evaluation of already reserved resources in upcoming periods for the case of enabled periodic reservation.
Proposal 6:
· Re-evaluation of already reserved resource in upcoming periods is supported. 


In addition to above, the following down-selection was discussed but no agreement/conclusion in the last e-meeting. 
	Proposal
· Option 1
· RRC signalling of pre-emption enabling in a resource pool supports priority dependent pre-emption activation
· For a given priority prioTX within a UE, configure a priority level pi associated with the resource indicated in SCI, pj > prioTX, which can trigger pre-emption
· Option 2
· RRC signalling of pre-emption enabling in a resource pool does not support priority dependent pre-emption activation
· For a given priority prioTX within a UE, any priority level pi associated with the resource indicated in SCI, pi > prioTX, can trigger pre-emption



As we described in FL summary [2], we support Option 2 as we don’t see benefits to support priority-dependent pre-emption. 
Proposal 7:
· We support Option 2, i.e. NOT support priority-dependent pre-emption.


2.5. Resource exclusion
In LTE V2X, resource exclusion is specified to determine SL candidate resource set in Step 1. Based on “Resource reservation” field indicated in prior SCI(s), TX UE would exclude resources to be used for other transmissions from candidate resources in selection window. By doing this, TX UE is able to select resources not to be used for other transmissions and avoid potential collisions with them. 
Similar approach is assumed in NR V2X. Principle is the same, i.e. to exclude resources to be used by other transmissions in advance to determine which resources are available as candidate resources in Step 1. In NR, SCI has two fields to indicate time domain resource to be reserved: one is “Resource reservation period” field which is the same as Resource reservation in LTE, and the other is “Time resource assignment” field which is similar to “Time gap between transmission and retransmission” field indicated in SCI in LTE. As aperiodic transmission is assumed in addition to periodic transmission in NR V2X, unlikely to LTE V2X, both of the fields indicating time domain resource to be reserved from other UE(s) has to be considered during sensing/resource (re-)selection procedure. However, under the current specification (i.e. 8.1.4 in TS 38.214), only “Resource reservation period” field is referred to during resource exclusion. In other words, TX UE does not need to avoid resources indicated by “Time resource assignment” field in SCI from other UE(s), which can lead more collisions. To select appropriate resources and have sidelink communication works well, “Time resource assignment” field would need to be considered during resource exclusion.
Proposal 8: 
· In addition to “Resource reservation period” field, resources corresponding to “Time resource assignment” field in SCI are excluded.
· Apply the following TP to TS 38.214.
	8.1.4       UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
[…]
The following steps are used:
[…]
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter reservationPeriodAllowed and a hypothetical SCI format 0-1 received in slot  with "Resource reservation period" field set to that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 0-1 in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 0-1 indicate the values  and , respectively according to Clause [TBD] in [6, TS 38.213];
[bookmark: _Hlk26193771]b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 0-1,  is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is FFS
7) The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 0-1 in slot , and "Priority" field in the received SCI format 0-1 indicate the values  and , respectively according to Clause [TBD] in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
c)	the SCI format received in slot or the same SCI format is assumed to be received in slot(s)  determines according to clause [8.1.5] the set of resource blocks and slots which overlaps with . Here,  and  are indicated by "Time resource assignment" field and "Frequency resource assignment" field in the SCI format, respectively.
78)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
The UE shall report set  to higher layers.




On backward indication, following options are identified:
	Agreements:
· Down-select in the next meeting one of the following options
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication



For the down-selection, our view is either Option 2 or 3, i.e. backward indication would be necessary. In case that reservation for different TB is enabled, “Resource reservation period” value would indicate time-domain interval between an initial transmission in the current period and the one in the next period. Even if the initial transmission in the current period fails to be decoded by RX UE(s) or surrounding UE(s), by backward indication, UEs are able to understand which resource to be used in the next period based on the resource used by the initial transmission in the current period. This approach would be impossible without backward indication, which could lead to transmission failure of periodic transmissions among two (or more) subsequent periods causing large performance degradation. Backward indication is not mandated; thereby backward indication is not contradictory to supporting that UEs shall reserve resource for retransmissions of a TB as discussed/proposed above.
Proposal 9: 
· Backward indication is supported.
· i.e. support option 2 or 3 identified in the last e-meeting


3. Conclusion
In this contribution, we discussed the remaining issues on SL RA mode 2. Proposals are summarized as following: 
Proposal 1:
· Resource reservation for a different TB by Time/Frequency resource assignment fields is supported.
· Whether the reserved resource is used for the same TB or a different TB is up to UE implementation.
Proposal 2:
· A UE shall reserve a sidelink resource for a retransmission of a TB by a prior SCI associated with the TB.
· The following exceptions of above are specified.
· Pre-emption, Uu-SL priority competition and congestion control.
Observation 1:
· For HARQ-based retransmission, resource selection mechanism should be updated.
Proposal 3:
· In Step 2, to select earlier resources should be supported for feedback-based HARQ retransmission.
Proposal 4:
· To mandate to perform Step 1 checking every slot before ‘m-T3’ is NOT necessary. 
Proposal 5:
· From re-selected resource perspective, pre-selected resource is not considered in time domain.
· It is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set to ensure the timing restriction.
Proposal 6:
· Re-evaluation of already reserved resource in upcoming periods is supported. 
Proposal 7:
· We support Option 2, i.e. NOT support priority-dependent pre-emption.
Proposal 8: 
· In addition to “Resource reservation period” field, resources corresponding to “Time resource assignment” field in SCI are excluded.
· Apply the following TP to TS 38.214. 
	8.1.4       UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
[…]
The following steps are used:
[…]
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter reservationPeriodAllowed and a hypothetical SCI format 0-1 received in slot  with "Resource reservation period" field set to that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 0-1 in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 0-1 indicate the values  and , respectively according to Clause [TBD] in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 0-1,  is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is FFS
7) The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 0-1 in slot , and "Priority" field in the received SCI format 0-1 indicate the values  and , respectively according to Clause [TBD] in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
c)	the SCI format received in slot or the same SCI format is assumed to be received in slot(s)  determines according to clause [8.1.5] the set of resource blocks and slots which overlaps with . Here,  and  are indicated by "Time resource assignment" field and "Frequency resource assignment" field in the SCI format, respectively.
78)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
The UE shall report set  to higher layers.



[bookmark: _GoBack]Proposal 9: 
· Backward indication is supported.
· i.e. support option 2 or 3 identified in the last e-meeting
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