3GPP TSG RAN WG1 Meeting #105-e	R1-2104194
[bookmark: _Hlk70931454]eMeeting, May 19 – May 27, 2021
Agenda Item:	7.2.4
Source:	FUTUREWEI
Title:	TP to address infinite loop due to excessive resource exclusion for Rel. 16 V2X
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
An infinite loop issue due to excessive resource exclusion for Rel. 16 V2X has been identified in several contributions in RAN1#104-e. Various solutions have been proposed and summarized in [1]. After extensive discussions an intermediate agreement to solve the problem was made, but the final agreement and text proposal was left to RAN1#105-e.
In this contribution, we continue the discussions with our proposals and the justifications on some other solutions summarized in [1]. 
Discussions and Proposals
The UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2 is described in TS 38.214 as copied in the Appendix. The procedure initializes the candidate resource set  with all the resources of the size in the resource selection window. By the resource exclusion process in steps 4-7,  the resources are removed from  if they are assumed and detected to be occupied by some other UEs with an RSRP threshold. The process is repeated with the RSRP threshold increased by 3dB if the resources in the candidate resource set  are smaller than  where X is the percentage threshold of ratio of the available resources over all the resources in the resource selection window, e.g., X =20% . The final resource set  with a size no less than    is reported to MAC for the resource selection.  We can see that in step 5 of the procedure, UE assumes the slot that UE has not monitored, e.g., UE transmission slot, is occupied by someone else and then excludes the resource slots with any periodicity in the sl-ResourceReservePeriodList-r16. One critical issue could arise after step 5 when the number of candidate single-slot resources excluded from the set  is larger than (1-X)⋅  and the number of available resources is already below X*Mtotal. Then with subsequent steps in the loop of step 4-7, no matter how high the RSRP threshold increases, the condition that terminates the loop, the set size  , will never be satisfied. The procedure then enters an infinite loop.
Since the final criterion  in the procedure causes the infinite loop issue, several solutions summarized in [1] introduce a condition that breaks the loop by 1) not performing steps 6 and 7, 2) performing steps 6 and 7 once, and 3) introducing a maximum RSRP threshold. However, these solutions not only result in a smaller set size of final SA which could increase conflict ratio, but also lead to an empty set of final SA, which could break the systems. And an empty set SA is not expected at the MAC layer, i.e., no resource can be selected in the MAC layer. 
In addition, these solutions violate the criterion  that has been agreed in R16. Such violation will greatly impact other features in RAN1, and potentially some designs in RAN2, too, which could lead to the revisiting of all related features and additional changes needed for some of them. One example is the pre-emption feature. In the latest version of 38.214, copied below, it states “including all necessary increments for reaching ” as in one of conditions for pre-emption. If a solution that violates the criterion on final size of   is adopted, the pre-emption feature needs to be revisited and a CR may be needed. Technically, if a resource is selected based on different criteria for different UEs, i.e., some UEs selecting a resource from a resource set greater than but other UEs selecting a resource from a resource set smaller than ,  , it will bring up a fairness issue for pre-emption. 
(copied from TS 38.214)
--------------------------------
If a resource  from the set  meets the conditions below then the UE shall report pre-emption of the resource  to higher layers
-      is not a member of  , and
-      meets the conditions for exclusion in step 6, with  set to the final threshold after executing steps 1)-7), i.e. including all necessary increments for reaching , and
-     the associated priority  satisfies one of the following conditions:
-     sl-PreemptionEnable is provided and is equal to 'enabled' and 
-     sl-PreemptionEnable is provided and is not equal to 'enabled', and  and 
------------------------------
Therefore, given the issues described above, any solutions that could result in a smaller set  are not preferred for fixing the infinite loop issue. 
As included in the summary [1], a simple solution breaks the infinite loop by skipping step 5 step 5 if number of resources to be excluded from step 5) will result in a set size less than (1-X)⋅ , where the set  is reverted back to the value at the end of step 4. This solution solves the infinite loop issue without violating the final criterion of the procedure and avoids potential additional changes and fixes on other related features in the specification, which we agreed to support during the discussions in RAN1#104b-e.
Proposal 1: If the number of the excluded resources in step 5 is larger than (1-X)·Mtotal, a UE reverts all the excluded resources back to. 
Based on proposal 1, we propose a text proposal by adding a step 5-1 after step 5 as presented below.
-------------------------------- Start of Text Proposal for 38.214 (Based on Proposal 1) -----------------------------------
<Unchanged parts omitted>
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
<Unchanged parts omitted>
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 sl-ResourceReservePeriodList and a hypothetical SCI format 1-A 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.
5-1)	If the number of candidate single-slot resources   excluded from the set in step 5 is greater than (1-X)⋅, the set  is initialized to the set of all the candidate single-slot resources as in step 4).
<Unchanged parts omitted>
-------------------------------- End of Text Proposal for 38.214 (Based on Proposal 1) -----------------------------------

However, by skipping step 5 with  set with complete reversion, the solution in proposal 1 treats the corresponding slots that UE did not monitor as the available resources, which could incur a high collision rate. Therefore there are better ways to solve the infinite loop issue that are in line with the meeting agreement. 
As discussed in [1],  another interpretation of skipping 5 in the agreement is: since step 5 itself is an iterative process,  UE performs step 5 to exclude the resources from  and stops when the number of candidate single-slot resources excluded from the set  is not greater than , indicating that some resources supposed to be excluded in step 5 are not excluded due to earlier termination of the step. The process based on this interpretation is equivalent to reverting some excluded resources back to  after step 5.
Hence, instead of reverting all the excluded resources back to SA, one scheme that we suggested as in [1] is to revert partial excluded resources in step 5 back to assure the final criterion on the set size can be satisfied with finite number of iterations. The resource reversion process can stop once the size of  is not smaller than X⋅.  As discussed in RAN1#104b-e, the reversion can be performed randomly or in a predetermined order, including the pseudo-random order, on the excluded resources in step 5. Theoretically, the random reversion does not introduce any problem on re-evaluation and pre-emption process. To some extent, the random reversion and re-evaluation may help the UE to reselect a resource that is not in the excluded resources from step 5. However, the random reversion may introduce many unnecessary resource reselection processes. For a predetermined order, we can revert the resource back according to an order based on the indexes in time and frequency domains, e.g., the order of time first, frequency 2nd, from low to high index on each domain. We could also revert the source in one dimension, i.e., reverting the resources back slot by slot in time domain or subchannel by subchannel in frequency domain over all slots in the resource selection window.
.  
To mitigate  the problem of potential high collision rate in proposal 1 and exclude some resources with an extreme high RSRP using the sensing results, we propose to revert the resource back until the size of  is not smaller than (X+DX)⋅, where DX can be a fixed value, e.g., 5%, or preconfigured from a list or in a range, or left to UE implementation. When DX is set to 0, it reduces to the case where the exclusion reversion process ends at the set size X⋅. However, it would be better to have a nonzero DX. For simplification we can choose a fixed value as DX =5%. 
Proposal 2: If the number of the excluded resources in step 5 is larger than (1-X)·Mtotal, a UE may revert part of excluded resource back to until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅. 
Based on proposal 2 with some details discussed above, we propose a text proposal by adding a step 5-1 after step 5 as presented below.
-------------------------------- Start of Text Proposal for 38.214 (Based on Proposal 2) -----------------------------------
<Unchanged parts omitted>
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
<Unchanged parts omitted>
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 sl-ResourceReservePeriodList and a hypothetical SCI format 1-A 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.
5-1)	If the number of candidate single-slot resources excluded from the set  is larger than (1-X)⋅ , select the resources from those excluded in step 5) according to the order of time first, frequency 2nd, from low to high index on each domain and add them to set [image: ] until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅ , with DX =5%.
<Unchanged parts omitted>
-------------------------------- End of Text Proposal for 38.214 (Based on Proposal 2) -----------------------------------

Proposal 2 addresses the infinite loop issue. However, the sensing outcome has little impact on the resource exclusion when the set size after resource exclusions from step 5 is greater than but very close to X⋅ . We then provide a unified solution, i.e., initiate the exclusion reversion process once the number of excluded resource in step 5 is larger than (1-X-DX)⋅,  or the set size of   after resource exclusions in step 5) is smaller than (X+DX)⋅, which is then consistent with the criterion of the reversion process.
Proposal 3: If the number of the excluded resources in step 5 is larger than (1-X-DX)·Mtotal, a UE may revert part of excluded resource back to until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅. 
Based on proposal 3, we propose a text proposal by adding a step 5-1 after step 5 as presented below.
-------------------------------- Start of Text Proposal for 38.214 (Based on Proposal 3) -----------------------------------
<Unchanged parts omitted>
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
<Unchanged parts omitted>
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 sl-ResourceReservePeriodList and a hypothetical SCI format 1-A 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.
5-1)	If the number of candidate single-slot resources excluded from the set  is larger than (1-X-DX)⋅ , select the resources from those excluded in step 5) according to the order of time first, frequency 2nd, from low to high index on each domain and add them to set [image: ] until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅ , with DX =5%.
<Unchanged parts omitted>
-------------------------------- End of Text Proposal for 38.214 (Based on Proposal 3) -----------------------------------


Conclusion
The infinite loop issue due to excessive resource exclusions in Rel-16 V2X mode 2 resource allocation was discussed. We propose the following proposals. One of them can be adopted to solve the problem:
Proposal 1: If the number of the excluded resources in step 5 is larger than (1-X)·Mtotal, a UE may revert back all the excluded resource back to.
Proposal 2: If the number of the excluded resources in step 5 is larger than (1-X)·Mtotal, a UE may revert part of excluded resource back to until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅. 
Proposal 3: If the number of the excluded resources in step 5 is larger than (1-X-DX) ·Mtotal, a UE may revert part of excluded resource back to until the number of the candidate single-slot resources remaining in the set  is not smaller than (X+DX)⋅. 
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Appendix
The procedure described in TS 38.214 for determining available resource set  within a resource selection window in mode 2 resource allocation is copied as below:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
[bookmark: _Hlk26190437]-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
The total number of candidate single-slot resources is denoted by .
[bookmark: _Hlk26192698]2)	The sensing window is defined by the range of slots [) where  is defined above and  is defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which belongs to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
3)	The internal parameter  is set to the corresponding value of RSRP threshold indicated by the i-th field in sl-ThresPSSCH-RSRP-List, where .
4)	The set  is initialized to the set of all the candidate single-slot resources. 
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 sl-ResourceReservePeriodList and a hypothetical SCI format 1-A 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 1-A in slot , and 'Resource reservation period' field, if present, and 'Priority' field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]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 1-A, 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  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  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 set to selection window size T2 converted to units of msec.
7)	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.
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