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1. Introduction
At RAN plenary #83 meeting, NR-V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’. According to the WID, there were a lot of discussions on NR-V2X at the previous RAN1 meetings. In this contribution, we share our views on SL RA mechanism mode 2 for NR-V2X including resource reservation and resource selection.

2. Discussions
2.1. Resource reservation
· Reservation for initial transmission
	Agreements on email discussion [98b-NR-14]
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives


At the end of email discussion [98b-NR-14], the above agreements were reached for resource reservation. Single sub-channel transmission to reserve larger number of sub-channels is still FFS and down-selection must be done in this RAN1 meeting. Firstly, we strong propose that single sub-channel transmission to reserve larger number of sub-channels is supported for NR-SL Rel-16. That is, either Alt. 1-1 or Alt. 1-2 should be supported. NR-SL supports aperiodic traffic with high reliability. For this traffic, Alt. 1-1/1-2 is clearly beneficial since more collisions are assumed if not supported. If most transmissions use small number of sub-channels, the benefit would be small; if some transmissions use large number of sub-channels, the benefit will be large. This mechanism is NBC, so enhancement on future release seems not acceptable. It is noted that this mechanism can be skipped if a UE hopes lower latency.
Observation 1:
· Mechanism to ensure reliability of initial transmission is necessary for NR-SL.
· Alt. 1-1 and Alt. 1-2 are beneficial to reduce collision to an initial transmission.
In comparison between Alt. 1-1 and Alt. 1-2, our preference is Alt. 1-1. The reason is the following:
· Coding rate
In Alt. 1-2, only 2nd stage SCI would be transmitted. In this case, when sub-channel size is large, coding rate becomes significantly small. It leads to complicated UE encoder/decoder, which is undesirable. Some mechanism can address the issue, but undesirable further discussion is necessary. In Alt. 1-1, if most available REs for PSSCH are needed for 2nd stage SCI, 2nd stage SCI is transmitted on most of the PSSCH REs; otherwise, SL data is mapped on many REs of the PSSCH REs. Alt. 1-1 seems more reasonable from coding rate perspective.
· 2nd stage SCI mapping
If 2nd stage SCI mapping follows ‘UCI multiplexing on PUSCH’, or even otherwise, 2nd stage SCI will be mapped on specific REs of PSSCH. For example, symbols after first DM-RS, symbols after PSCCH, etc. However, when only 2nd stage SCI is mapped on PSSCH, the same mapping rule cannot be used. Further RAN1 discussion is necessary for this, which should be avoided.
· TB decoding performance
[bookmark: _GoBack]In Alt. 1-2, TB is not transmitted on the PSSCH in the single sub-channel. That is, TB transmission performance on the reserved resource assumes no gain derived from the single sub-channel transmission, except for collision avoidance by the reservation. In Alt. 1-1, a part of TB is transmitted on the PSSCH in the single sub-channel. Of course, the initial transmission would not be decoded successfully due to the coding rate over 1. However, the UE can store the soft bits on the soft buffer, and they can be combined with the retransmission on the reserved resource. Additional gain is assumed by HARQ combining. Of course, UE can drop the soft bits if the UE hope it. In this case, performance is the same between Alt. 1-1 and Alt. 1-2.
· No disadvantage
In the email discussion, some disadvantages on Alt. 1-1 were mentioned. However, we believe they are invalid. Regarding unnecessary PSFCH transmission, HARQ feedback can be disabled for the initial transmission, which is indicated in the SCI. When the coding rate is over 1, the SCI indicates HARQ feedback = disabled for the transmission; otherwise, enabled can be informed as well. It is noted that one SCI bit was agreed for enabled/disabled HARQ feedback for the transmission. Regarding TBS/RV determination, sub-bullets define how to determine, so no additional discussion on this is necessary. 
Observation 2:
· In comparison between Alt. 1-1 and Alt. 1-2,
· Coding rate of 2nd stage SCI will be an issue on Alt. 1-2
· Additional mapping rule of 2nd stage SCI on PSSCH will be necessary for Alt. 1-2
· Better TB decoding performance is achieved by Alt. 1-1
· No disadvantage is assumed on Alt. 1-1
Proposal 1:
· Support Alt. 1-1 for resource reservation, i.e.
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)

2.2. Resource selection procedure
	RAN1#98
Agreements:
· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not
Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
Agreements:
· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold
· The SL-RSRP threshold is at least a function of the priority of the SL transmission indicated in the received SCI and the priority of the transmission for which resources are being selected by the UE
· FFS details
RAN1#98bis
Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources
Agreements:
· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources
Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any
Email discussion [98b-NR-15]
Proposal 1
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W
Proposal 2
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB, and at least one of NMAX resources can be signaled beyond window W


The above agreements were reached for resource selection procedure on mode 2 [1], [2]. Details are still FFS and discussions for this are necessary. The following sub-sections discuss resource selection procedure for NR-SL.
· Multiple resources selection/reservation
One considerable point is how to reserve resources in consideration of PSFCH resource for HARQ-based retransmission. Future resource can be reserved by one transmission according to the agreements presented above. Let us assume two resources for a TB are selected from the resource selection window as the figure below, and the first one reserves the second resource. If the second resource is intended for HARQ-based transmission, PSFCH shall be transmitted between the two transmissions. Therefore, some resources are unavailable for the second transmission. For example, one resource at slot n is selected firstly (with blue). PSFCH occasion is per 4 slots, then the HARQ-ACK corresponding to a transmission on the first resource is received at slot n+4. In this case, for the 2nd resource intended for HARQ-based retransmission, resources from slot n+1 to slot n+4 are clearly unselectable. The resources shall be excluded from the candidate resources identified at the step 1. Note that PSFCH processing time and PSSCH preparation time should be considered as well since UE cannot retransmit the PSSCH just after the PSFCH reception. In the example, resources at slot n+5 are also excluded for these UE processing time. Additionally, resource candidates will be different between blind retransmissions and HARQ-based retransmissions. Different candidates need to be identified for the two types of retransmissions.
[image: ]
Fig. 1: Multiple resources selection/reservation for HARQ-based retransmission.
Observation 3:
· For multiple resources selection/reservation for a TB, 
· Some resources are unavailable for HARQ-based transmission once one resource is selected.
Proposal 2:
· For multiple resources selection/reservation for a TB,
· Resource candidates are identified separately between blind retransmissions and HARQ-based retransmissions.
· For HARQ-based retransmission, the following resources are excluded from the identified resource candidates:
· Resources between selected resource and the corresponding PSFCH
· Resources in UE PSFCH processing time and UE PSSCH preparation time

· Contiguous slots or not for indication
After resource selection, the selected resource(s) is/are indicated by SCI to other UEs. One FFS point is whether in case of multiple slots, the indicated slots are contiguous or not. In our view, non-contiguous should be allowed for HARQ-based retransmission. Otherwise, flexibility becomes much lower. For example, for two blind retransmissions + one HARQ-based retransmission, initial transmission on the first resource reserves two resources. One is for blind retransmission, and the other one is for HARQ-based retransmission. In this casem the two resource needs gap for PSFCH transmission as discussed above, but it cannot if resource reservation of non-contiguous slots is not allowed. Such restriction on resource selection is not desirable. 
Proposal 3:
· Non-contiguous slots can be reserved for a TB by one SCI.

2.3. Pre-emption
	Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details


At the RAN1#98bis meeting, ‘pre-emption’ of resources reserved by other UEs was agreed. It is note that the ‘pre-emption’ indication is different from that in NR Rel-15, where the UE may assume that no transmission to the UE was present in PRBs and in symbols that were indicated by the DCI format 2_1.
One question on pre-emption for NR-SL is, whether resource reselection is applied or not when a part of reserved resource is pre-empted by other UE. For example, UE#A reserved one resource with 5 sub-channels. After that, UE#B transmitted preemption indication to reserve a resource with one sub-channel. The indicated sub-channel is overlapped with one of the 5 sub-channels reserved by UE#A, and the preemption indication has higher priority. In this case, shall UE#A perform resource reselection? And can UE#A use the remaining 4 sub-channels without resource reservation? Clarification on these points should be discussed and concluded in this meeting.
Observation 4:
· UE behaviour for the case when a part of a reserved resource is pre-empted by other UE is unclear.

For this case, the following options can be considered:
· When a part of a reserved resource by a UE is pre-empted by other UE,
· For resource reselection,
· Option 1: The first UE shall perform resource reselection.
· Option 2: The first UE can skip resource reselection.
· For the reserved resource,
· Option A: The first UE can use the non-pre-empted part after resource reselection if selected.
· Option B: The first UE can use the non-pre-empted part without resource reselection.
From reliability perspective, option 1 and option A are more suitable. Meanwhile, from resource efficiency perspective, option 2 and option B are better mechanism. From RAN1 workload perspective, option 1 and option A seem better since additional discussion for this case is unnecessary. So we slightly prefer option 1 and option A.
Proposal 4:
· Discuss the following case and down-select one option for each.
· When a part of a reserved resource by a UE is pre-empted by other UE,
· For resource reselection,
· Option 1: The first UE shall perform resource reselection.
· Option 2: The first UE can skip resource reselection.
· For the reserved resource,
· Option A: The first UE can use the non-pre-empted part after resource reselection if selected.
· Option B: The first UE can use the non-pre-empted part without resource reselection.

3. Conclusion
In this contribution, we discussed SL RA mechanism mode 2 for NR V2X. Proposals are summarized as following: 
Observation 1:
· Mechanism to ensure reliability of initial transmission is necessary for NR-SL.
· Alt. 1-1 and Alt. 1-2 are beneficial to reduce collision to an initial transmission.
Observation 2:
· In comparison between Alt. 1-1 and Alt. 1-2,
· Coding rate of 2nd stage SCI will be an issue on Alt. 1-2
· Additional mapping rule of 2nd stage SCI on PSSCH will be necessary for Alt. 1-2
· Better TB decoding performance is achieved by Alt. 1-1
· No disadvantage is assumed on Alt. 1-1
Proposal 1:
· Support Alt. 1-1 for resource reservation, i.e.
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
Observation 3:
· For multiple resources selection/reservation for a TB, 
· Some resources are unavailable for HARQ-based transmission once one resource is selected.
Proposal 2:
· For multiple resources selection/reservation for a TB,
· Resource candidates are identified separately between blind retransmissions and HARQ-based retransmissions.
· For HARQ-based retransmission, the following resources are excluded from the identified resource candidates:
· Resources between selected resource and the corresponding PSFCH
· Resources in UE PSFCH processing time and UE PSSCH preparation time
Proposal 3:
· Non-contiguous slots can be reserved for a TB by one SCI.
Observation 4:
· UE behaviour for the case when a part of a reserved resource is pre-empted by other UE is unclear.
Proposal 4:
· Discuss the following case and down-select one option for each.
· When a part of a reserved resource by a UE is pre-empted by other UE,
· For resource reselection,
· Option 1: The first UE shall perform resource reselection.
· Option 2: The first UE can skip resource reselection.
· For the reserved resource,
· Option A: The first UE can use the non-pre-empted part after resource reselection if selected.
· Option B: The first UE can use the non-pre-empted part without resource reselection.
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