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1. Introduction
In this contribution, we provide discussion and our views on the remaining open issues for mode 2. Specifically, we focus on the issues of:
· Mixed blind and feedback-based HARQ (re)transmission for a TB
· (Pre-)configurable values for the maximum number of HARQ (re-)transmissions of a TB
· Timing window for the initial transmission
· Definition of Tproc,0, T proc,1 and T3
· Resource (re)selection / exclusion enhancements
· Remaining details for resource pre-emption
· Resource exclusion during re-evaluation
· [bookmark: _GoBack]T0 for the sensing period
2. Discussion
2.1 Some remaining open issues from for mode 2
One of the leftovers / FFS items from the last RAN1#99 meeting was about whether to support HARQ (re)transmission for a TB can have a mixed blind and feedback-based approach. In our opinion, this feature is useful for early termination of delivery for a TB. That is, it is agreed to support NMAX = 3 where an SCI can indicate up to 3 resources, then it should be allowed for a Tx-UE to perform blind retransmissions for a TB until an ACK is received. In an event of not receiving an ACK or NACK from the Rx-UE even when HARQ reporting is enabled (e.g. in unicast), the Tx-UE would interpret this as a NACK and perform retransmission of the same TB. Another scenario is when the measured CBR is changed from a low range to a congested environment and a Tx-UE would switch from blind retransmission to feedback-based retransmission. Another scenario is when NACK in constantly reported for a TB and the PDB remaining time is short. In this case, a Tx-UE may wish to switch from feedback-based to blind-based retransmission for the TB. Therefore, it is important to support this behaviour.
Proposal 1: It is recommended to support HARQ (re)transmission for a TB can have a mixed blind and feedback-based approach.
[bookmark: _Hlk20836396]Another remaining issue was about the set of values that can be (pre-)configured for limiting the maximum number of HARQ (re-)transmissions of a TB at least for mode 2.  The maximum number of HARQ (re)transmissions of a TB is heavily linked/related to UE soft-buffer management. Setting this limit to a larger value means a UE potential need to store softbits of a TB for longer in the buffer, and thus reducing amount of available memory for receiving other TBs. Generally, to meet high SL reliability requirement, the total number of (re)transmissions should not be large at all, e.g. much less than 8 total transmissions per TB. If a Tx-UE experiences large number of retransmissions for a TB (e.g. higher than 8), it generally means the link / channel condition is not ideal and/or it has set its MCS level too high. By (re)transmitting the same TB as it is with different RV will not improve reception reliability. Therefore, it should immediately give up and re-encode the TB with lower MCS and/or use larger number of sub-channels. This would improve the link reliability and also help Rx-UE to clear its buffer quicker. Therefore, we recommend the set of values to be [2, 3, 4, 8, 16, 32] that can be (pre-)configured and this should be resource-pool specific.
Proposal 2: It is recommended the set of values for max number of HARQ (re)transmissions of a TB to be [2, 3, 4, 8, 16, 32] that can be (pre-)configured and this should be resource-pool specific.
In the existing NR-V2X Mode 2 resource selection mechanism, TX UE will exclude some resources from the resource selection window [n+T1, n+T2] at time n based on sensing. However, in the aperiodic scenario, every UE can only reserve resources for re-transmission by the initial transmission or by the earlier re-transmissions. In addition, the window W (32 slots) as agreed in RAN1#99 restricts the interval between initial transmission and the last re-transmission. Therefore, TX UE can only exclude resources from window [n+T1, n+W] at time n in aperiodic scenario，the remaining resources in [n+T1, n+W] and total resources in [n+W, n+T2] are put into candidate resource set. TX UE has a high chance to select resources in [n+W, n+T2]. If TX UE selects a resource in [n+W, n+T2] for the initial transmission at time n, it is not sure whether the initial transmission resource is reserved by other UEs or not actually. In this case, TX UE has to re-evaluate the initial transmission resource after time n, the resource selection at time n makes no sense. In addition, delay increases in this case.
Proposal 3: TX UE selects resource for initial transmission in [n+T1, n+P], P ≤ W.
On one of the last remaining issues relating to UE processing time at the end of a sensing window (Tproc,0) and after a resource (re)selection trigger (Tproc,1), in our opinion they should be defined separately, same as in LTE V2X. Since these two UE processing times are relating to different operations and they are used for different purposes, it would actually be more confusing if they are combined and we can no longer distinguish between them in the spec.
[bookmark: _Hlk24060127]As for T3, it is related to the scenario where a UE has detected one or more of its selected or already signalled / reserved resources are indicated by a different UE and the UE is triggered to perform reselection of resource(s). In our opinion, it is no different to the case where the PHY layer receives a packet TB from the upper layer and needs to perform step 1 and step 2. As such, T3 should be equal to Tproc,0 + Tproc,1.
Proposal 4: Tproc,0 and Tproc,1 should be defined separately, as in LTE V2X.
Proposal 5: T3 should be equal to Tproc,0 + Tproc,1
2.2 Resource (re)selection / exclusion enhancements
[image: ]
Figure 1: Illustration of Tx collision/interference due to varying Tx power among different UEs
In NR-V2X, a few new features are introduced compared to LTE-V2X, such as support of sidelink unicast and groupcast communications, and sidelink open loop power control for the unicast. Since there is no restriction to perform SL communications for all cast types within a same resource pool, sidelink Tx power levels may wildly varying among UEs within the same geographical area (close to each other). In LTE-V2X, the zone-based resource allocation / partitioning for UEs was supported to mitigate the IBE interference problem. For NR sidelink, however, due to the above-mentioned new features of link level power control and support of unicast / groupcast communication, the zone-based resource partitioning won’t be effective anymore to mitigate this IBE problem. An example illustration of this problem is depicted in Figure 1, where UE1/UE2 are engaging in unicast communication and UE3/UE4 are in broadcast transmissions. Based on close proximity between UE1 and UE2, their sidelink Tx power would be lower due to power control (e.g. 10dBm) than UE3/UE4 without having power control and transmitting at max level (i.e. UE_powerclass = 23dBm). If following the existing resource selection mechanism based on a SL-RSRP_threshold (per PPPP level), since the Tx power from UE1 is low, the power received by UE3 from UE1 could be below the SL-RSRP_threshold. As such, UE3 may interpret UE1 is at a far distance and selects the same resource for its own transmission. Thus, causing Tx collision to UE1’s transmission and consequently UE2 won’t be able to decode UE1’s message correctly. In another scenario, if the measured RSRP level of UE1’s transmission is not below the SL-RSRP_threshold, UE3 avoids selecting the same resource but selects a resource adjacent to UE1’s resource. In this scenario, since UE3’s Tx power is much larger than UE1, its transmission would still cause IBE problem to UE1’s transmission at the receiver UE (UE2).
To solve this IBE interference problem due to unicast power control and mixed resource pool with broadcast transmissions, one could enhance the existing resource selection/exclusion procedure by indicating UE’s Tx power level directly to receiver UEs via SCI and adjusting resource selection / exclusion SL-RSRP_threshold proportionally based on the indicated Tx power level to avoid selecting the same resources already reserved by the Tx-UE. In addition, the resource selecting UE should also exclude / avoid selecting resources that are adjacent to resources with measured RSRP levels of a large difference to its target transmission output power (e.g. difference < 10dB) to avoid the IBE interference problem.

In summary, Tx power level should be indicated in the 1st stage SCI for:
· Adjusting RSRP_threshold at the resource selecting UE according to the indicated Tx power to avoid selecting the same resource(s) and causing Tx collisions to surrounding unicast transmissions.
· Avoiding selecting (i.e. to exclude) resources where measured SL-RSRP level of adjacent resources has large differences (e.g. 10dB) to the resource selecting UE’s Tx power.
· Allowing more precise and faster determination of feedback power for the Rx-UE due to faster pathloss calculation without waiting for any SL-RSRP measurement report. This can be particularly useful for determining the feedback power for NACK-only PSFCH in connection-less groupcast where there is no prior measurement and reporting of SL-RSRP. If a Rx-UE’s feedback power is too high, the Tx-UE may interpret there is a strong demand for retransmission. If feedback power is too low, it risks the NACK sequence not being detected by the Tx-UE.
· Allowing Tx-UE to flexibly adjust its Tx power for re-transmissions of the same TB, if necessary (as a side effect / benefit).
Simulation results for SL-RSRP_threshold adjustment based on indicated Tx power:
On the basis of above analysis，the unicast UE with lower Tx power due to power control （like UE1 in Figure 1）will suffer a severe interference from the broadcast UE（like UE3 in Figure 1）if existing Mode 2 resource selection algorithm is performed and resource collision happens. Therefore, we calculate the average PRR for unicast UEs with lower Tx power (less than 12 dBm) in Manhattan Urban scenario using system level simulation and results are collected in Table 1. In our simulation, UEs are dropped based on Option B of urban grid scenario in TR 37.885. In the meanwhile, periodic traffic model with medium traffic intensity (PDB and inter-packet arrival time are set to 50ms) and IBE Model are used. All UEs including unicast UEs, groupcast UEs and broadcast UEs share the same resource pool and power control is performed by unicast UEs. The total frequency bandwidth is 20 MHz and the sub-channel size is 25 PRBs. Furthermore, the priority field in all of SCIs is same in our simulation for simplify.
	Resource selection mechanism
	P0
	Averaged PRR for all unicast UEs (%)
	Averaged PRR for unicast UEs with lower Tx power < 12dBm) (%)

	Existing resource selection algorithm (old SL-RSRP threshold)
	-123
	82.21
	88.34

	Adjusted SL-RSRP threshold base on indicated TX power in received SCI
	-123
	84.59
	93.18

	Existing resource selection algorithm (old SL-RSRP threshold)
	-118
	83.13
	93.22

	Adjusted SL-RSRP threshold base on indicated TX power in received SCI
	-118
	86.66
	97.09

	Existing resource selection algorithm (old SL-RSRP threshold)
	-113
	85.42
	97.39

	Adjusted SL-RSRP threshold base on indicated TX power in received SCI
	-113
	86.35
	98.97


Table 1: The averaged PRR for all UC UEs and UEs with lower Tx power (< 12dBm)
As can be seen from Table 1, two resource selection schemes namely the existing Mode 2 resource selection scheme and the new “Adjusted SL-RSRP threshold base on indicated Tx power in received SCI” scheme are simulated and compared. In our proposed SL-RSRP_threshold adjustment scheme, the SL-RSRP_threshold used during the resource exclusion procedure is first adjusted by the difference between its intended Tx power level and the Tx power indicated in the received SCI. For example, let’s denote the existing (pre-)configured SL-RSRP threshold (old threshold) as SL-RSRP_TH1. If a unicast UE indicates its Tx power is 10dBm in the 1st stage SCI and a sensing/resource selecting UE’s intended Tx power is 23dBm, the new / adjusted SL-RSRP_TH2 should be = SL-RSRP_TH1 - (23-10) for use in determining whether the SL resource should be excluded from the candidate resource set or not. On the other hand, if the sensing/resource selecting UE detects the power level indicated in the received SCI is higher than its intended Tx power, then the UE does not perform RSRP threshold adjustment, as it is not necessary and will only limit UE’s candidate resource set. P0 in Table 1 is a parameter in power control, which is (pre-)configured. When P0 is equal to -118 in the simulation, the average PRR of unicast UEs with lower TX power is 93.22% in existing resource selection algorithm. The average PRR can be increased to 97.09% in our proposed algorithm. It is evident from the results shown, the proposed solution is able to improve the reliability of unicast UEs’ transmissions. The above averaged PRR results are a mean value within a communication range of 300 meters.
Observation: By adjusting RSRP threshold level based on the indicated power level in the received SCI during the resource exclusion/selection process,
· The averaged PRR performance for all unicast UEs in a mixed resource pool can be improved by more than 3%
· The averaged PRR performance for unicast UEs with lower Tx power (< 12dBm) can be improved by more than 4.5%
Currently UE reporting of downlink RSRP over the Uu is defined using a length of 8 bits to cover the full range of power values. Similarly, the most straight forward manner for the indication of SL transmit power in SCI is also 8 bits. If it is desirable to minimize the impact of PSCCH (1st stage SCI) coverage due to the inclusion of this Tx power field, larger quantization granularity can be considered (e.g. 5 bits). Alternatively, other means such as inclusion of 5 most significant bits in the 1st stage SCI for the purpose of sensing and resource selection procedure and the remaining 3 least significant bits in the 2nd stage SCI for more accurate calculation of pathloss estimation at RX UE.
Proposal 6: UE’s Tx power level should be indicated at least in the 1st stage SCI.
· Option 1: Tx power is represented by full 8 bits in the 1st stage SCI
· Option 2: Tx power is represented by 5 bits in the 1st stage SCI with larger quantization granularity to reduce impact to PSCCH coverage
· Option 3: The 5 most significant bits are indicated in the 1st stage SCI for the purpose of sensing and resource selection procedure. The remaining 3 bits are indicated in the 2nd stage SCI for more accurate calculation of pathloss estimation at RX UE.
Proposal 7: A sensing/resource selecting UE should adjust SL-RSRP threshold level by the difference between its intended Tx power level and the power indicated in the received 1st stage SCIs.
Proposal 8: Resource selection / exclusion enhancement: Avoid selecting resources with a large difference between target Tx power and measured RSRP of adjacent resources, or Tx-UE should select resource(s) that are adjacent to resources with similar power level to avoid creating interference.
2.3 Resource pre-emption
During RAN1#98bis meeting, SL resource pre-emption for higher priority packets was agreed to be supported for a UE operating in Mode 2. That is, a mode 2 UE with lower priority transmission triggers resource re-selection of an already announced / reserved sidelink resource when the UE detects it overlaps with a higher priority resource reservation from another / pre-empting UE. 
Once a UE detects that its already signalled/reserved resource has been pre-empted by another UE with higher priority transmission, the re-selection window for the pre-empted UE to select another resource should be within a time bound as shown in Figure 2. According to the example diagram below in Figure 2, assuming a UE has reserved 3 resources (A, B, and C) and the 3rd resource C is pre-empted by another UE with a higher priority transmission, the pre-empted UE triggers reselection of the resource C to find a replacement resource C’ and the re-selection window for step 1 and step 2 should be within the bound that is allowed by the time resource assignment field in SCI. The newly selected / replacement SL resource C’ should be allowed to be earlier than another not yet used/transmitted resource (resource A) or later than the last reserved resource for the TB (resource B). Taking into account of limited bit length for the “Time resource assignment” field in SCI format 0-1, the resource re-selection window for the replacement resource C’ should be bounded within max(m+Tproc,1, B-W+1) and min (remaining PDB, m+W-1). Note that, m is the resource re-selection triggering slot timing, B is the slot timing for the reserved resource B, and W is the resource (re-)selection window of 32 slots limited by the bit length for the “Time resource assignment” field.
[image: ]
Figure 2
Proposal 9 (Rx side): Re-selection window to find a replacement resource for a pre-empted resource should be within the time bounds that can be indicated by the “time resource assignment” field in the SCI from other reserved but non-pre-empted resources. The lower time bound should be max(m+Tproc,1, B-W+1) and the upper time bound should be min(remaining PDB, m+W-1), where m is the slot when resource re-selection is triggered and B is the slot of the last reserved but not pre-empted resource for the same TB.
Furthermore, within the re-selection window, SL resources that are within the same slots as other previously reserved resources (resource A and B) should be excluded from the candidate resource set.
Proposal 10 (Rx side): Within the re-selection window, any resource that is in the same slot as previously reserved/signaled resource(s) made by the same pre-empted UE should be excluded from the candidate resource set.
Lastly, when a reserved/signalled resource is not completely pre-empted by another higher priority transmission, and that it is still meaningful to utilize the remaining non-pre-empted portion of the reserved/signalled resource for the pre-empted UE, then it should be allowed for the pre-empted UE not to trigger resource re-evaluation process and continue to utilize the remaining portion of the non-pre-empted portion of the resource. E.g. less than 50% of the reserved sub-channels is pre-empted.
Proposal 11 (Rx side): If the pre-empted portion of a reserved resource is less than X% (e.g. 50%), it should be allowed for the pre-empted UE to continue using the non-pre-empted portion of the previously reserved resource for its transmission without triggering the resource re-selection process.
Sidelink resource pre-emption is expected to be useful in a medium to heavy congested resource pool, but some restrictions on the UE performing the pre-emption (pre-empting UE) should be imposed so to minimize negative impact to the pre-empted UEs (e.g. to avoid persistent pre-emption/take-over). That is, 
· when the measured CBR level is low (i.e. in a lowly congested resource pool), there would be plenty of SL resources available for selection and there is no good reason for a UE to pre-empt SL resources that are already been signalled / reserved by another UE, even its packets have higher priority. Therefore, firstly a triggering condition to allow a UE to pre-empt resources from another UE should be imposed when measured CBR ≥ X%, where X is configurable between [60, 70, 80].
· additionally, a pre-empting UE (with higher priority packet) should not pre-empt / take over more than 50% of already signalled resources from another UE to minimise negative impacts to the pre-empted UE, as it may be difficult for the pre-empted UE to find and select other “replacement / alternative” resource(s).
· furthermore, the time gap between the pre-empting SCI and the pre-empted resource shall be larger than T3 to allow sufficient time for the pre-empted UE to perform resource re-selection procedure to find a replacement resource.
Proposal 12 (Tx side): Pre-emption triggering conditions should include the followings:
· Resource pre-emption is allowed when the measured CBR ≥ X%, where X is (pre-)configurable between [60, 70, 80] or when the candidate resource set is less than 20%
· a pre-empting UE (with higher priority packet) should not pre-empt / take over more than 50% of already signaled resources from another UE to minimize negative impacts to the pre-empted UE
· The time gap between the first pre-empting SCI and the pre-empted resource shall be larger than T3
In addition, if a pre-empting UE with higher priority pre-empts a resource for an initial transmission, this means the pre-empted UE with lower priority is not able to know that its selected resource has been / will be pre-empted anyway. Collision happens in this way. However, if the pre-empting UE with higher priority pre-empts a resource for re-transmission, the pre-empting UE can inform the pre-empted UE that its selected resource has been pre-empted from the initial transmission of the pre-empting UE. Then the pre-empted UE will have a chance to re-select another resource. Therefore, resource for an initial transmission ought to be selected among “empty resources” that none of SCIs indicate these resources are reserved by other UEs. Resource for re-transmission should be selected among all of candidate resources. Candidate resources include both “empty resources” and other resources that SCIs indicate these resources are reserved by other UEs but SL-RSRP is lower than SL-RSRP threshold. In this way, a pre-empted resource will only be used for re-transmission of pre-empting UE. The pre-empted UE can re-select resource to avoid resource collision.
Proposal 13 (Tx side): Resource for the initial transmission of a TB ought to be selected among the “empty resources” that has not been previously reserved/indicated by others. Pre-emption is only allowed for the re-transmission(s).
Furthermore, pre-emption should be allowed (enabled / disabled) at a per resource pool level by (pre-)configuration and only allowed for packet TBs at a certain priority level and below (e.g. level 4 and below). This is to avoid too frequent pre-emption are carried out within a resource pool and causing UEs with lower priority packets to trigger reselection all the time (unstable system). Additionally, SL-RSRP threshold increment should be stopped for UEs who perform resource pre-emption to facilitate faster resource selection / pre-emption process.
Proposal 14 (Tx side): Pre-emption is allowed (enabled / disabled) at a per resource pool level by (pre-)configuration and only for packet TBs at a certain priority level and below (e.g. level 4 and below).
Proposal 15 (Tx side): SL-RSRP threshold should be not incremented during resource exclusion procedure for UEs who perform resource pre-emption.
In LTE-V2X, reporting to upper layer of 20% of candidate resource set (SB) is based on ranking of RSSI measurement level. In NR-V2X, this mechanism does not exist. In order to facilitate this for NR-V2X, the reporting of 20% of candidate resource set (SB) to the upper layer could be based on ranking of measured SL-RSRP levels. For any non-reserved resources (i.e. resource without a successful decoded SCI), measured SL-RSRP level should be set as small as possible (e.g. zero or negative infinity).
Proposal 16 (Tx side): In NR-V2X, the reporting of 20% of SA resources from a candidate resource set (SB) to the upper layer should continue to be supported, and the ranking can be based on the measured SL-RSRP level, instead of SL-RSSI in LTE-V2X.
· For any non-reserved resources (i.e. resource without a successful decoded SCI), their measured SL-RSRP levels should be set as small as possible (e.g. zero or negative infinity).
2.4 Re-evaluation
In RAN1#98bis, it was agreed that re-evaluation for a selected resource can be performed as:
	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



TX UE continues sensing after time n and performs re-evaluation of Step 1 and Step 2 to check whether the selected resources are reserved/signalled by other UEs. But there are still some details need to be discussed.
Firstly, the TX UE should exclude resources in slots that overlap with other selected resources, when the TX UE needs to re-select resource(s) from the previous iteration. Otherwise, overlapping transmissions from the same TX UE may occur in one slot. For example, a TX UE selects resource A, B and C located in slot n+a, n+b and n+c respectively at time n. If the TX UE finds that resource A is reserved/signalled by another UE during re-evaluation, the TX UE needs to perform re-selection of another resource to replace resource A. In this case, the TX UE should exclude resources in slot n+b and n+c during the resource re-selection procedure this time to avoid overlapping transmissions occur in one slot.

Proposal 17: TX UE should exclude resources in slots that overlap with other selected resources, when the TX UE needs to re-select resource(s) from the previous iteration.

2.5 T0 for the sensing period
	[bookmark: _Hlk1108314]Agreements:
· T0 is (pre)-configured between: 1000+[100]ms and [100]ms



T0 in mode 2 RA is defined as the length of the sensing period (or a point in time in the past). If the sensing period is too short, then a resource selecting UE may be in a high risk of selecting resource(s) that have already been reserved earlier and intended to be used by others. For example, in a resource pool where it is possible to reserve of an initial transmission of a TB by an SCI associated with a different TB. On the other hand, if the sensing period is too long, then it is wasting a resource selecting UE’s processing power and memory buffer to keep track and store all resource reservation details from other UEs. For example, in a resource pool where only aperiodic V2X traffic is expected and the resource selection window is limited by only 32 slots. As such, it was agreed in RAN1#99 [1] (as shown above) that T0 should be made (pre-)configurable per resource pool between a long value for periodic reservation and a short value for only aperiodic traffic.
For the aperiodic traffic resource pool, limiting the sensing window to [100] ms seems reasonable as the resource selection window is limited to 32 slots. For the periodic reservation resource pool, however, it is unclear the rationale behind the value of 1000+[100]ms. If following the definition of sensing period in LTE-V2X, 1000ms would be sufficient to cover the longest resource reservation interval. Adding the extra 100ms would not seem to be all that necessary. To keep it simple, we suggest to make T0 (pre)-configured between: 1000ms and 100ms.
Proposal 18: T0 should be made (pre)-configured between: 1000ms and 100ms.

3. Conclusion
Proposal 1: It is recommended to support HARQ (re)transmission for a TB can have a mixed blind and feedback-based approach.
Proposal 2: It is recommended the set of values to be [2, 3, 4, 8, 16, 32] that can be (pre-)configured and this should be resource-pool specific.
Proposal 3: TX UE selects resource for initial transmission in [n+T1, n+P], P ≤ W.
Proposal 4: Tproc,0 and Tproc,1 should be defined separately, as in LTE V2X.
Proposal 5: T3 should be equal to Tproc,0 + Tproc,1
Observation: By adjusting RSRP threshold level based on the indicated power level in the received SCI during the resource exclusion/selection process,
· The averaged PRR performance for all unicast UEs in a mixed resource pool can be improved by more than 3%
· The averaged PRR performance for unicast UEs with lower Tx power (< 12dBm) can be improved by more than 4.5%
Proposal 6: UE’s Tx power level should be indicated at least in the 1st stage SCI.
· Option 1: Tx power is represented by full 8 bits in the 1st stage SCI
· Option 2: Tx power is represented by 5 bits in the 1st stage SCI with larger quantization granularity to reduce impact to PSCCH coverage
· Option 3: The 5 most significant bits are indicated in the 1st stage SCI for the purpose of sensing and resource selection procedure. The remaining 3 bits are indicated in the 2nd stage SCI for more accurate calculation of pathloss estimation at RX UE.
Proposal 7: A sensing/resource selecting UE should adjust SL-RSRP threshold level by the difference between its intended Tx power level and the power indicated in the received SCIs.
Proposal 8: Resource selection / exclusion enhancement: Avoid selecting resources with a large difference between target Tx power and measured RSRP of adjacent resources, or Tx-UE should select resource(s) that are adjacent to resources with similar power level to avoid creating interference.
Proposal 9 (pre-emption Rx side): Re-selection window to find a replacement resource for a pre-empted resource should be within the time bounds that can be indicated by the “time resource assignment” field in the SCI from other reserved but non-pre-empted resources. The lower time bound should be max(m+Tproc,1, B-W+1) and the upper time bound should be min(remaining PDB, m+W-1), where m is the slot when resource re-selection is triggered and B is the slot of the last reserved but not pre-empted resource for the same TB.
Proposal 10 (pre-emption Rx side): Within the re-selection window, any resource that is in the same slot as previously reserved/signaled resource(s) made by the same pre-empted UE should be excluded from the candidate resource set.
Proposal 11 (pre-emption Rx side): If the pre-empted portion of a reserved resource is less than X% (e.g. 50%), it should be allowed for the pre-empted UE to continue using the non-pre-empted portion of the previously reserved resource for its transmission without triggering the resource re-selection process.
Proposal 12 (pre-emption Tx side): Pre-emption triggering conditions should include the followings:
· Resource pre-emption is allowed when the measured CBR ≥ X%, where X is (pre-)configurable between [60, 70, 80] or when the candidate resource set is less than 20%
· a pre-empting UE (with higher priority packet) should not pre-empt / take over more than 50% of already signaled resources from another UE to minimize negative impacts to the pre-empted UE
· The time gap between the first pre-empting SCI and the pre-empted resource shall be larger than T3
Proposal 13 (pre-emption Tx side): Resource for the initial transmission of a TB ought to be selected among the “empty resources” that has not been previously reserved/indicated by others. Pre-emption is only allowed for the re-transmission(s).
Proposal 14 (pre-emption Tx side): Pre-emption is allowed (enabled / disabled) at a per resource pool level by (pre-)configuration and only for packet TBs at a certain priority level and below (e.g. level 4 and below).
Proposal 15 (pre-emption Tx side): SL-RSRP threshold should be not incremented during resource exclusion procedure for UEs who perform resource pre-emption.
Proposal 16 (pre-emption Tx side): In NR-V2X, the reporting of 20% of SA resources from a candidate resource set (SB) to the upper layer should continue to be supported, and the ranking can be based on the measured SL-RSRP level, instead of SL-RSSI in LTE-V2X.
· For any non-reserved resources (i.e. resource without a successful decoded SCI), their measured SL-RSRP levels should be set as small as possible (e.g. zero or negative infinity).
Proposal 17 (re-evaluation): TX UE should exclude resources in slots that overlap with other selected resources, when the TX UE needs to re-select resource(s) from the previous iteration.
Proposal 18: T0 should be made (pre)-configured between: 1000ms and 100ms.
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5. Appendix
RAN1#96bis
Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X

RAN1#97
Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs

Conclusion:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 

Agreements:
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission

Agreements:
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions


Agreements:
· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels

RAN1#98
Agreements:
· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

Agreements:
· At least for mode 2, (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB
· Up to 32
· FFS the set of values
· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)
· If no (pre)configuration, the maximum number is not specified
· Note: this (pre-)configuration information is NOT intended for the Rx UE

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

Working assumption:
· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource (re)selection procedures
· This priority is not necessarily the higher layer priority

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:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total
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
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
Agreement:
· 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

Agreement:
· 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

Agreement:
· 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

Agreement:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
Agreement:
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure
RAN1#99
Agreements:
· Support W to be equal to 32 slots

Agreements:
· The first proposal under Wed. session in R1-1913450 is agreed, with one clarification that S is the number of sub-channels in the resource pool 
	First proposal under Wed. session in R1-193450:
· For mode 1 and mode 2, for the time-frequency resource indication in the SCI: 
· NMAX = 2
· Frequency
·  code-points, indicating starting sub-channel of the second resource and number of sub-channels of both resources
·  bit
· Time
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots
· 5 bit
· NMAX = 3
· Frequency
· Option 2-f-a: joint coding
·  code-points indicating starting sub-channel of the second resource, starting sub-channel of the third resource, and the number of sub-channels of all resources
·  bit
· Time
· Option 2-t-a: joint coding
· 1 code-point indicates no reserved resource
· 31 code-points indicate different time position of the second resource within 32 slots, when no third resource is reserved
· 30 + 29 +…+ 1 = 465 code-points indicate different time position of two resources within 32 slots
· 9 bit


Agreements:
· On a per resource pool basis, 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: 
· A period is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
· A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
· <= 4 bits are used in SCI to indicate a period
· An actual set of values is (pre-)configured
· Regarding the number of periods
· The number of remaining periodic reservations is not explicitly indicated in SCI
·  (working assumption) Procedure of mapping of periodic semi-persistent resources into the resource selection window is reused from LTE
· By reusing TS 36.213, section 14.1.1.6, steps 5 and 6 of non-partial sensing, as applicable
· (working assumption) Procedure of triggering periodic semi-persistent resources reselection based on reselection counter and keep probability is reused from LTE
· By reusing definition and procedure of Cresel defined in TS 36.213, as applicable
· Send an LS to RAN2 asking them to implement accordingly for TS38.321 based on TS36.321, R1-1913458 – Sergey (Intel)
· Procedure of using sidelink RSSI for ranking of resources is not applied

Agreements:
· T2min is (pre-)configured per priority indicated in SCI from the following set of values:
· {1, 5, 10, 20}*2µ, where µ = 0,1,2,3 for SCS 15,30,60,120 respectively

Agreements:
· In Step 2, randomized resource selection from the identified candidate resources in the selection window is supported
· FFS if CSI can be used for resources selection

Agreements:
· T0 is (pre)-configured between: 1000+[100]ms and [100]ms 

Agreements:
Support (pre)-configuration per resource pool between:
· L1 SL-RSRP measured on DMRS of PSSCH after decoding of associated 1st stage SCI, or
· L1 SL-RSRP measured on DMRS of PSCCH for 1st SCI after decoding of associated 1st stage SCI
· Note: L1 SL-RSRP is measured only based on one of the above, but not both
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