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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#86, a WI on sidelink enhancements was agreed for Rel-17 [1], modified in [2], with further updates in [3]. In this WI, there is an objective on resource allocation enhancements to reduce power consumption: 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
[bookmark: _Hlk78733485]At RAN1#106-e, a set of agreements was reached and is listed in the Appendix.
In this contribution, we first discuss the random resource selection on the low priority transmissions in mixed RA. We then discuss periodic-based partial sensing including the determination of candidate slots for partial sensing and periodic sensing occasions. Following that, we discuss contiguous based partial sensing for both periodic traffic and aperiodic traffic, and the impact of SL-DRX on UE sensing, as well as the RRC parameters for sidelink enhancements.
Discussions
[bookmark: _Hlk67589619]Random resource selection: Low priority transmissions in mixed RA
In RAN1#106-e, three options to resolve the issue of low priority transmissions in mixed RA (and one option to do nothing) were agreed, namely: 
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration.

As summarized in [6], one issue for random resource selection is mixing different resource allocation schemes in the same resource pool where the power saving UEs with the random resource selection and UEs with full or partial sensing select resources for their transmissions.  One problem arises when the low priority transmission from a power saving UE performing random resource selection or with re-evaluation or pre-emption disabled collides with a high priority transmission from a sensing UE. With re-evaluation and pre-emption, a sensing UE can perform resource reselection to avoid some collisions with other UEs including the UE with random resource selection. However, since power saving UEs with random resource selection either do not monitor PSCCH to perform re-evaluation and pre-emption or on the power saving mode without enabling re-evaluation and pre-emption, they cannot detect the resource reserved for a higher priority transmission to perform resource reselection. The sensing UE with a higher priority transmission will not free the resource either when detecting a collision with a lower priority transmission.  The two transmissions will collide at the intended recipients and cause a performance loss.
Among the options in above agreement, our preference is Option 2 with an extra field to indicate original priority based on a mapping function/table. The collision issue due to low priority random resource selection cannot be avoided and would impact the performance of both high priority transmissions with sensing-based RA and low priority transmissions from random resource selection, so some solution or compromise solution should be accepted (i.e., no Option 12). 
We now provide some detailed discussions and our solutions for Option 2. 
Option 2 is to increase the priority for the transmission based on random selection and indicate such new priority value in the priority field in the 1st-stage SCI. Note that since lower value means higher priority, increasing the priority means decreasing the value transmitted in the priority field in the 1st-stage SCI. With increased priority, the sensing UE performs the pre-emption check on the updated priority from the transmission based on random resource selection and perform resource reselection if detected priority the 1st-stage SCI is higher. The conflict can be avoided. Another advantage of this option is that since the updated (increased) priority is transmitted in the priority field in the 1st-stage SCI, the legacy Rel-16 sensing UE will also benefit, which can avoid collisions with the Rel-17 UEs with low priority random selection. 
One issue of this option is that the original data priority is missing. The original data priority may be an important parameter for the receiving UE. It is better to inform the receive UE the original priority value or the priority in some range in some way. If we directly signal original priority level by adding a new field in SCI, it will increase the SCI size by 3 bits (for 8 priority levels), which is a significant amount given the small size of the SCI. It would be beneficial to use fewer bits to obtain the original priority value. 
We first consider only 1-bit for the new field in the SCI, which can utilize a reserved bit in the 1st stage SCI or can be added in the 2nd stage SCI.  With 1-bit indication, we can form a mapping from the original priority value to the increased priority and the corresponding reverse mapping to retrieve the original mapping. We can consider to increase a subset of priority levels for random resource selection, e.g., the lower 4 levels with original priority values p=[4,5,6,7], and map them to the increased priority p= [0, 1,2,3] by a mapping function 
p=p-Dp,  
where the priority offset Dp = 4 here.  For other original priority levels from 0 to Dp-1, we do not increase the priority as the original priority may be high enough. Using such mapping with 1-bit indicator and a restriction on the original priority level for priority increase, we can derive the original priority without any ambiguity. If we allow the ambiguity for retrieving original priority value, we can form another mapping function such as 
p=max(p-Dp,0), 
with which all the original priority can be mapped to a higher priority transmitted in the priority field. However, not all original priority value can be retrieved.
If we allow two bits in the extra field, we can build a mapping between the increased priority p and the original priority value p using the two-bit indicator of value b=0,1,2,3, where b=0 indicate no priority change. For example, with the mapping function 
p=(p-b+1)/3. 
we can map the original priority value p in [0,…,7] to the higher priority levels with values p in [0,1,2]. With the increased priority in the priority field and the two-bit indicator in the extra field transmitted in SCI, the original priority can be derived without ambiguity. 
Among the options for the extra field, we prefer the 2-bit field with clear original priority indication. We then have the following the proposal.
Proposal 1: (Option 2) Increase the priority of UEs performing random resource selection and indicate the new priority value in the priority field in the 1st-stage SCI. An extra 2-bit field is added in SCI for indicating the original priority value associated with QoS requirement based on a mapping function/table 
Another way to solve the problem is to partition the resource pool into two sub-pools or resource zones, sub-pool A and sub-pool B as shown in Figure 1. Then a UE with random resource selection performs resource selection in one sub-pool, e.g., sub-pool A. The sensing UE performs resource selection in the other sub-pool, e.g., sub-pool B. Since Rel-16 sensing UE with high priority data does not have the knowledge of such resource pool partitioning, its transmissions will still collide with the UE with random selection. However, since Rel-16 UE selects a resource from the entire resource pool, the collision probability between Rel-16 sensing UE with high priority and low priority UE with random resource selection is lower than that without resource partition. Moreover, we can assign a priority threshold on the sub-pool for random resource selection. A UE with random resource selection selects the resource in a sub-pool, i.e., sub-pool A when the data priority is lower than the priority threshold of that sub-pool. A random selection UE with a priority higher than the threshold can select the resource in the other sub-pool, i.e., sub-pool B, or select a resource from the entire resource pool.
Proposal 2: Partition the resource pool into several resource subsets, i.e., sub-pools. UE with random resource selection selects the resource from a sub-pool based on configuration. 
· A priority threshold value or a range of priority levels is (pre-)configured for ach resource sub-pool, below or within which random resource selection is allowed.



[bookmark: _Ref70972303][bookmark: _Ref70972441]Figure 1. Resource pool partition for mixed resource allocations for power saving UEs and sensing UEs

[bookmark: _Ref83689325]Periodic-based partial sensing
[bookmark: _Ref83825245]Sensing occasions for periodic based partial sensing
As shown in Figure 2, with periodic based partial sensing, a UE monitors one or more periodic occasions with Y candidate slots on each occasion. Based on sensing results, UE forms a set of candidate resources on a set of Y slots in the resource selection window and selects one for sidelink transmission.


Figure 2. Periodic based partial sensing (upper: Preserve,1; bottom: Preserve,2)
Also as shown in Figure 2, in a resource pool (pre-)configured with at least partial sensing, if a UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one periodic sensing occasion, where a periodic sensing occasion is a set of slots according to  
,
where the set of k values indicate the sensing occasions. For example, when k{1, 2}, the UE performs partial sensing on  and . If k is specified as a bitmap as in LTE V2X, i.e., {i1,i2, …, ik, …,}, ik{0,1}, the UE performs partial sensing on the occasion of , where ik=1.
In R16, NR sidelink supports periodic traffic and the reservation period is configured from the list sl-ResourceReservePeriodList, where the list includes the values 0, 100, 200 … 1000ms, and integer values in [1, …, 99].  Due to shorter reservation periods available in NR, periodic-based partial sensing should be able to detect such traffic. A natural way is then to let Preserve include all values from the configured set sl-ResourceReservePeriodList. If the value is transformed to the slot, the list of Preserve needs to support different SCS to accommodate the RRI in the ResourceReservePeriodList.
At RAN1#105-e, it was agreed that if no (pre-)configuration or by default, Preserve corresponds to all values from the (pre-) configured set sl-ResourceReservePeriodList. Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList. 
There will always be performance degradation by relying on a single sensing occasion. For large period, only the most recent may be considered as within a relevancy time. However, for smaller periods, multiple sensing occasions can be used in the relevancy time. Regarding the sensing occasions, the following has been agreed at RAN1#105-e:
Agreement:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE

The current agreement is for a/the “given reservation periodicity” (in three places), which captures that what is desired to be configured can be different for each reservation periodicity. By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction. However, multiple sensing occasions can be configured, i.e., if (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value, which is especially useful for the small periodicities. The working assumption is agreed at RAN1#105-e that the possible values for (pre-)configured sensing occasions include last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included. 
From the agreement in RAN1#105-e, one sensing occasion, i.e., the most recent sensing occasion, is determined for periodic partial sensing for each period in the sl-ResourceReservePeriodList or its subset if (pre-)configured. Since the periodic partial sensing is restricted at least before the first slot of Y slots, for the slot within the Y slots, the corresponding most recent sensing occasion may also have different k values. Therefore, k value for most recent sensing occasion is dependent on the periodicity Preserve and the slot location in the Y slots. For some small Preserve, e.g., Preserve=2, for some slots closer to the end of Y slots, the corresponding k value to the most sensing occasion for such small Preserve can be very large, indicating that the most sensing occasion for that particular periodicity and particular slot is the many periods ahead of the target reservation slot in the Y slots. The agreement on using the most recent occasion instead of the first periodic sensing occasion indicates that the sensing on a slot that is multiple periods (> 2 periods) ahead is still effective for detecting a potential resource collision for such short periodicity. The same design principle should be applied for all periodicity values and for all slots in the Y slots. 
[bookmark: _Hlk83684298]Additionally, for different scenarios, e.g., the system with a high traffic load or system with a low traffic load, the number of sensing occasions required to achieve the same PRR can be different. For a high load system, it is possible that the UE may miss the detection of the SCI, resulting in a performance loss on PRR with only one or two sensing occasions. Therefore, maximally more than 2 sensing occasions shall be allowed. To adapt to different scenarios, a flexibility on configurations of the number of sensing occasions and values of the sensing occasions is desired. One additional advantage for flexible configurations is to align with DRX active period as much as possible. Therefore, the working assumption should not be confirmed as is. We propose to have the number of and value of the sensing occasions that can be (pre-)configured. In additional to the most recent sensing occasions, we propose that the additional sensing occasions are not limited to the last periodic sensing occasion prior to the most recent, i.e., the second most recent sensing occasion, and can be configured other than the last periodic sensing occasions prior to the most recent. 
For a given periodicity, we propose to allow up to the three most recent sensing occasion, which can be easily handled in RRC with three bits (enable / disable) for the sensing occasions. With maximum number of sensing occasions and flexible configurations of sensing occasions, the periodic based partial sensing can be adaptive to different scenarios with better balancing/tradeoff between power consumption and throughput/delay performance.
In RAN1#106-e, there were extensive many discussions on how interpret the working assumption. Clearly, there are discrepancy on the working assumption among companies. More discussions are needed. If we adopt the proposal of specifying the maximum number of sensing occasions and leave every detailed configuration to implementation, we do not need to confirm the working assumption. 
 Proposal 3: Replace the current WA and FFS with:
· Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and two last periodic sensing occasions prior to the most recent one for the given reservation periodicity are included.
As aforementioned, the k values representing the most recent sensing occasion, second most recent sensing, or prior sensing occasions can be different for different periodicities and/or slots in Y candidate slots. The number of most recent sensing occasions can be dependent on the periodicity, e.g., small period uses most recent and second most recent, and large period only uses the most recent. Therefore, to achieve high flexibility, the configuration of sensing occasions should be per periodicity based. Which such flexibility, the UE may configure the partial sensing to have a better alignment with SL DRX cycles. The current agreements allow per-periodicity based configuration, which is very useful as more sensing occasions can be provided for smaller periodicities.
[bookmark: _Hlk83751192][bookmark: _Hlk83751174]Proposal 4: Keep the current agreement to have a configuration for a given periodicity, i.e., the configuration of sensing occasions is per periodicity based.

Termination criterion for resource exclusion procedure
At RAN1#104-e, it was agreed that when (pre)-configured with partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window.
UE may choose Y in a range with a minimum value for Y is (pre-)configured from a range of values. To have reliable sensing results, a different minimum value for Y can be configured for each priority. Due to discrete values of priorities, we then select a set of minimum values of Y corresponding to different priorities in the list. For high priority, setting one minimum value of Y to accommodate all possible traffic loads, heavy or low, may result in a large value on the minimum of Y, which may be inefficient for power saving. It is then better to configure a small value of minimum Y, but UE needs to adapt Y according to the sensing results, e.g., the available resource ratio threshold for partial sensing as described below. 
Due to a shorter sensing time in partial sensing, the sensing results may be unreliable, particularly for the available resource ratios. Also, due to supporting aperiodic transmissions, with a small sensing window, it is highly possible there will be a resource collision particularly when the available resource ratio from partial sensing is small. For example, with 20% available resources from partial sensing, 80% are occupied, indicating a high system load. With a shorter sensing time, the variance of the actual available resource ratio for 20% is much larger than for full sensing. Hence, the collision probability based on this sensing result could be much higher compared with full sensing. Another issue is due to the smaller candidate pool for a small value Y. For the same available resource ratio, e.g., 20, the available candidate resources for partial sensing are much less than that for full sensing. The collision probability can also be higher if another UE with new data reserves the resource in the same region. Then for partial sensing with a small Y, a larger threshold than 20% on the available resource ratio should be used. Therefore, for the termination criterion in the resource exclusion procedure, it is beneficial to specify a new list of the threshold X% on available resource ratio for partial sensing.
Proposal 5: Specify a new list of X for partial sensing or set new rules for partial sensing on X with the existing list sl-TxPercentageList for termination criterion in the resource exclusion procedure.

[bookmark: _Ref83689336]Contiguous based partial sensing
[bookmark: _Hlk83767322]Aperiodic/dynamic transmission is supported in sidelink communications. For sidelink resource allocation, a UE should detect possible aperiodic traffic from other UEs to avoid resource conflicts. For this purpose, a UE performs contiguous based partial sensing for resource (re)selection. It was noted in RAN1#104-e that contiguous based partial sensing can be specified for resource allocation for both periodic traffic and aperiodic traffic for the sensing UE. Note that the numbers, timing, or the window sizes described here are in slots.
Contiguous based partial sensing for periodic traffic
[bookmark: _Hlk83767371]For the sensing UE with periodic traffic, as shown in Figure 3 , when the resource (re)selection is triggered at slot n, the UE will select the resource from a set of Y candidate slots within a resource selection window [n+T1, n+T2]. The starting slot of the Y candidate slots is at slot ty. If a UE performs contiguous based partial sensing, it monitors the slots between [TCPS,st, TCPS,end].


[bookmark: _Ref70972465][bookmark: _Ref70972423]Figure 3. Illustration of timing for contiguous based partial sensing for SL transmissions with periodic traffic
For aperiodic traffic, the UE selects multiple candidate resources, but with the restriction that the gap between two consecutive candidate resources must be smaller than 32 slots. For example, when a resource is selected on slot m1, meaning that the other candidate resource is located in the range of slots [m1-31, m1+31]. Therefore, to select resources in the set of Y candidate slots, it is meaningless to monitor the slot ty0-32 or before.  Thus, the starting point of contiguous partial sensing can be TCPS,st= ty0-31. Since for periodic traffic, n is known in advance, it is fine that ty0-31<n. Given the time to complete the sensing process and resource selection processing, the ending slot for contiguous partial sensing TCPS,end= ty0-Tproc,0 - Tproc,1. Contiguous partial sensing is similar to the re-evaluation process, to provide the better resource selection, we can limit the processing time to Tproc,1.  We then have TCPS,end= ty0- Tproc,1. The sensing window for the contiguous partial sensing is [ty0-31, ty0- Tproc,1]. From the agreement in RAN1#104-e for contiguous partial sensing, as in the option 1, a UE monitors the slots between [n+TA, n+TB]. With these notations, we then have TA= -n+ ty0-31, TB=-n+ ty0- Tproc,1.  
[bookmark: _Hlk67948649]As aforementioned, monitoring a slot can only detect resource occupancy or reservation from aperiodic traffic within 32 slots. Then monitoring slot ty0-31 is only useful for resource selection on ty0, and monitoring slot ty0-30 is only useful for slots ty0, ty0+1, and so on. The slot in the sensing window closest to ty0 has largest coverage in the resource selection region. For this reason, to achieve better power saving, we may reduce the window size for contiguous partial sensing. For contiguous partial sensing for periodic traffic, sensing may start later than ty0-31. Therefore, ty0-31 may serve as the earliest slot for contiguous partial sensing for the periodic reservation. Therefore, we have minimum TA, i.e., TA,min , provided by n+TA,min =ty0-31, TA,min = ty0-31-n.
For flexibility, the sensing starting point can be configured from a predefined range or a predefined list, with the earliest point being on slot ty0-31. For example, a list of TCPS,st or TA can then be specified, e.g. TCPS,st = ty0-a×32+1, or TA = -n+ty0-a×32+1, where a =1, ½, 1/4,…. 
[bookmark: _Hlk67589466]It is possible that there is an overlap between the slots for contiguous partial sensing and periodic partial sensing occasions. Based on the sensing results from contiguous partial sensing and periodic partial sensing if available, the UE selects the resource from the set of Y candidate slots within the resource selection window. After selecting the resource, the UE then performs re-evaluation and pre-emption if configured.
Again, the sensing results may be unreliable due to the short sensing window size. On the other hand, the value of Y can be larger than 32. Contiguous partial sensing does not provide any benefit for resource selection on slots [ty0 -Tproc,1+32, ty0+Y-1]. Also, if the sensing UE detects many aperiodic traffic within the sensing window [ty0-31, ty0- Tproc,1], resulting in many resources being occupied on [ty0, ty0-Tproc,1+31], relying on periodic sensing results for resource allocation on [ty0 -Tproc,1+32, ty0+Y-1] will cause many resource conflicts. Therefore, a different threshold on the available resource ratio X% is desirable than that in the full sensing for the data with the same priority. Continuing partial sensing will be beneficial if the number of available resources on [ty0 , ty0 -Tproc,1+31] is small. However, different from re-evaluation process where the transmission resource is allocated, e.g., m, here we do not have that information in advance. Setting the sensing slot based on m is not appropriate. Although it is possible to reporting available candidate resource set SA to the MAC layer on some slot and getting a grant on slot m, this two-stage process may functionally overlap with the re-evaluation process. Since the purposes of initial sensing and re-evaluation are different, with one for resource allocation and the other for checking resource conflicts, it is better to separate them in the specification. Therefore, a UE is allowed to continue sensing till TCPS,end. Although the UE can continue sensing until the slot TCPS,end= ty0+Y-1- Tproc,1, which may only leave a maximum of 1 slot for resource selection, it is better to set an offset, i.e., TCPS,end= max(ty0- Tproc,1 ,ty0+Y-1- Tproc,1 – TCPS,offset ). TCPS, offset, can be viewed as the minimum resource selection window size which can be fixed to 31 or a smaller value. It can also be configured. A UE can report the available resource any time after slot ty0- Tproc,1 to the MAC layer. Then based on TCPS,end and the notation in option 1 from RAN1#104e, we then have TB=-n+ max(ty0- Tproc,1 , ty0+Y-1- Tproc,1 – TCPS,offset).
Based on above descriptions, we propose to set minimum and maximum values related to the sensing boundary, i.e., TB,min and TB,max for contiguous partial sensing for the transmission with periodic traffic, where TB,min  =ty0- Tproc,1 , TB,max =-n+ max(ty0- Tproc,1 , ty0+Y-1- Tproc,1 – TCPS,offset). A UE reports available resource set any time on [TB,min, TB,max ] . After a resource is selected, it is up to UE to perform re-evaluation or pre-emption. 
If the UE performs the resource selection after n+TB, UE may continue the contiguous partial sensing till n+TB,max for re-evaluation and per-emption.
Proposal 6: For contiguous partial sensing to support resource selection for periodic traffic, to achieve better power saving,
· the earliest sensing slot is ty0-31, where ty0 is the first slot of the Y candidate slot.
· the sensing start point is specified from a slot on or later than ty0-31 and can be configured from a predefined range or a predefined list.
Proposal 7: For contiguous partial sensing to support resource selection for periodic traffic, a minimum and a maximum on TB, TB,min  and TB,max, UE is allowed to continue sensing after n+ TB,min  , and performs resource selection on any slot in n+ [TB,min  TB,max ]. 
Contiguous partial sensing for aperiodic traffic
[bookmark: _Hlk83767400][bookmark: _Hlk67589511]For UE with aperiodic traffic, a data packet could arrive at any time without any prior knowledge. Therefore, it is impossible for a UE to know in advance when resource selection is triggered at slot n. Thus, contiguous based partial sensing for aperiodic traffic can only start after n, i.e, TCPS,st >n, as shown in Figure 4. The earliest possible starting point is TCPS,st  = n+1, i.e., TA=1. 


[bookmark: _Ref70972547]Figure 4. Illustration of timing for contiguous based partial sensing for SL transmissions with aperiodic traffic
[bookmark: _Hlk83767417][bookmark: _Hlk67589581]When UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, to achieve maximum power saving, the UE may perform the partial sensing with a minimum window size to have reliable sensing results for resource selection. Since the 1st-stage SCI only informs the resource reservations located within a window of 32 slots, the contiguous partial sensing for detecting aperiodic traffic from other UEs will be only beneficial for the resource selection on the subsequent 31 slots. Therefore, the minimum sensing window size for contiguous partial sensing should be smaller than 32. If considering the required time for processing sensing results and resource selection time, the slots for resource selection affected by contiguous partial sensing is in [TCPS,end  + Tproc,0 +Tproc,1 , TCPS,end  +31]. Therefore, minimum sensing window size, W CPS,min should be smaller than 32- (Tproc,0 +Tproc,1 ) (in slots), i.e., it can be 31- (Tproc,0 +Tproc,1 ) or smaller. Then we have TB-TA+1≥ W CPS,min.  subject to the change due to PDB constraint.
[bookmark: _Hlk67950585]On the slots [TCPS,end +32, n+T2] in the resource selection window, the resource selection is equivalent to random resource selection. On the other hand, the sensing window size TCPS,end  -TCPS,st  +1 may also impact the reliability of reported candidate resources on [TCPS,end  + Tproc,0 + Tproc,1 , TCPS,end  +31]. The available resource ratio on [TCPS,end  + Tproc,0 + Tproc,1 , TCPS,end  +31] derived from contiguous partial sensing is an important factor for resource selection. If the ratio is small, the available resources ratio on slots [TCPS,end  +32, n+T2 ] may also be small. Assuming that the resources on slots [ TCPS,end  +32, n+T2 ] are all available, reporting them in SA will lead to a high conflict rate. To solve this issue, first it is beneficial to specify a different threshold on the available resource ratio X% for resource exclusion.  Second, if the available resource ratio is not large enough, the UE shall continue sensing instead of reducing the RSRP threshold. The UE stops sensing when the available resources is enough for the resource selection. The sensing window can be increased in a predefined value. Another solution is to restrict the resource selection window in the effective range of the contiguous partial sensing, i.e., [TCPS,end+ Tproc,0  + Tproc,1 , TCPS,end  +31].  Therefore, similar to the minimize sensing window, we can specify a minimum resource selection window size, which can also be 31- (Tproc,0 +Tproc,1)   or smaller.  
Proposal 8: Specify a minimum sensing window size for contiguous partial sensing. 
The minimum sensing window size should be smaller than 32- (Tproc,0 +Tproc,1 ).
Proposal 9: Specify a minimum resource selection window size for contiguous partial sensing. 
· The minimum resource selection window size can be 31- (Tproc,0 +Tproc,1 ) (in slots) or smaller.
[bookmark: _Hlk83767430]When the aperiodic traffic triggered at slot n, the remaining packet delay budget (PDB) is provided by the higher layer, meaning that the transmission should happen on or before slot n+PDB.  With the determined minimum resource selection window size, the sensing window of contiguous partial sensing for resource selection should end on or before slot n+PDB-WRSW,min. Considering the sensing process and resource selection time, the latest slot for contiguous partial sensing is n+PDB-WRSW,min - (Tproc,0 +Tproc,1 ). Therefore, the upper bound of TB , TB ,max, is PDB-WRSW,min - (Tproc,0 +Tproc,1 ).
Proposal 10: Specify the upper bound of TB, TB ,max, as PDB-WRSW,min - (Tproc,0 +Tproc,1 ).
With the minimum sensing window size and upbound TB ,max, the range of TB is then given by TB ≥ W CPS,min +TA-1 and TB ≤PDB-WRSW,min - (Tproc,0 +Tproc,1 ). If PDB is very small, we may have the case PDB-WRSW,min - (Tproc,0 +Tproc,1 )< W CPS,min +TA-1. If this happens, one of the constraints is violated. We think that the condition of the minimum resource selection window size is more critical. Since random resource selection is anyway a power saving scheme for sidelink resource selection in Rel-17, when PDB is so small that PDB-WRSW,min - (Tproc,0 +Tproc,1 )< W CPS,min +TA-1, the constraint of minimum sensing window size can be neglected. Then we can set  TB ≤PDB-WRSW,min - (Tproc,0 +Tproc,1 ). To ensure maximum sensing duration and achieve better PRR performance, we can set TB to its upper bound, TB ,max. 
Proposal 11: When packet delay budget is very small, and minimum resource select window size and minimum sensing window size constraints cannot both be satisfied, the minimum sensing window size constraint can be neglected and set TB to its upper bound.
Periodic based partial sensing and contiguous partial sensing for aperiodic traffic
[bookmark: _Hlk83767445]When aperiodic traffic arrives at the UE, the UE may happen to perform periodic based partial sensing for periodic reservation for another transmission block enabled. The sensing results from the periodic based partial sensing can be used for the resource selection for the aperiodic traffic. Since the aperiodic traffic is known only at slot n when it arrives, it will not be beneficial to start a new periodic based partial sensing for a set of Y candidate slots for resource selection for the aperiodic traffic as most sensing slots based on the PBPS configuration already passed. Therefore, UE should not starts/initiate a new PBPS to determine a set of Y candidate slots within the resource selection window and monitor the corresponding periodic sensing occasions in addition to periodic sensing occasions of existing PBPS(s).    
Proposal 12: When UE performs partial sensing and resource selection for aperiodic traffic,
· If there exists periodic based partial sensing for periodic reservation another transmission block, UE uses the sensing results from the periodic based partial sensing in conjunction with the configured contiguous partial sensing for aperiodic traffic. 
· UE should not initiate a new periodic based partial sensing to determine a set of Y candidate slots for resource reselection for the aperiodic traffic.

Impact of SL-DRX on UE sensing
SL DRX is also a mechanism for SL power saving.  A UE receives SL signals only when DRX is on. One question is whether UE performs partial sensing during the DRX off period. If the DRX on/off setting and partial sensing are independent from each other, not performing partial sensing during the DRX off period will impact the resource selection performance significantly. In RAN#106-e, the following has been agreed.
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details

Based on the agreement, UE is allowed to perform sensing during the DRX inactive period. Also in the agreement, it would be further studied whether the sensing performed during the SL DRX inactive time is subject to a certain specification or is up to UE implementation, as well as other details that are needed. 
For power efficient resource allocation, it was proposed in [7] to minimize RAN1 discussions for the relation between partial sensing and sidelink DRX and strive for defining resource allocation solutions that are commonly applicable to a TX UE configured with sidelink DRX. The proposal was discussed in RAN#93-e and the decision was left to RAN1 WG. Due to tight schedule for Rel-17 standardization, it is reasonable to consider only the sidelink DRX impact at the TX UE where UE sensing is necessary for resource allocation. If we consider the SL DRX impact for TX UE sensing, in order to fulfill the design objective in WID [3], some specification is needed for partial sensing in sidelink DRX off instead of leaving it to UE implementation.
We now discuss the details on how UE performs the sensing during the DRX inactive time. Since performing partial sensing during the SL DRX off will affect the power saving efficiency, it would be beneficial to align partial sensing with DRX on duration as much as possible assuming that partial sensing is also performed during the DRX off period. However, there is no criterion on the alignment, some specifications would be necessary and helpful on the alignment. 
When SL DRX is enabled, two sets of partial sensing parameters can be configured. In the SL DRX activate time, the UE performs the sensing according to one parameter set of configured sensing parameters. In the DRX inactivate time, UE performs the sensing according to the other set of configured sensing parameters. This may have minimum specification impact but leave much room to UE vendors for efficient designs.
For periodic based partial sensing, the configured sensing parameters include sensing periodicity Preserve list sensing occasions, and/or maximum number of sensing occasions (if it is agreed) etc. Note that default setting on sensing periodicity list or sensing occasions can be considered as one type of configuration. 
For contiguous partial sensing, configurations include sensing window parameters, TA, TB, minimum sensing window, etc.
Alternatively, to achieve better power saving with SL DRX but maintain the performance of partial sensing, we can specify some minimum sensing requirements, e.g., most recent sensing occasion, for UE sensing during the SL DRX inactive time. Thus, when SL DRX is enabled, during the SL DRX active time, UE performs the sensing according to configured sensing parameter set as usual; in the SL DRX inactive time, the UE is only required to perform the sensing on the slots that belong to the most recent sensing occasion for any given periodicity in the periodicity list.
Proposal 13: One of the following alternatives can be specified for UE performing sensing when SL DRX is enabled.
· Alt.1 Different settings can be configured for partial sensing in DRX active and inactive durations. 
· Alt. 2 During DRX inactive the UE performs sensing on the slots that belong to the most recent sensing occasion for a given periodicity.  
It would also be beneficial if there is a certain alignment on the DRX between the transmitting UE and receiving UE so that the receiving UE will achieve better power saving with long DRX inactive time without have much packet loss.  Such alignment can be achieved for the periodic traffic for which the transmitting UE knows traffic arrival time for a certain duration. The transmitting UE can signal the data periodicity to the receiving UE, e.g., in the second stage SCI or some MAC CE, or the approximate time of the next transmission from the slot where such information is delivered. The receiving UE can align the DRX configurations with the data transmission periodicity for the data reception. Note that the periodicity is not the exact transmission slot, rather approximation transmission time. For example, it can be resource selection triggering time n, while the exact transmission is on a slot within the resource selection window [n+T1, n+T2], or [ty0, ty0+Y-1] for periodic partial sensing, which is unknown in advance. However, the approximate next transmission time, e.g., the time difference between the next data triggering time and the timing of the slot this time difference is delivered is good enough to have a certain DRX alignment. The timing difference can also be quantized to a list of values so that it can be signaled with few bits.
Proposal 14: For periodic traffic, the transmitting UE can signal the time when the receiving UE expects the next transmission so that the receiving UE can align the DRX with the data reception for better power saving. 
Re-evaluation and pre-emption
In RAN1#106-e, it was agreed that periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking. Re-evaluation and pre-emption are specified for resource re-selection, meaning that the initial resource selection is done. When performing the re-evaluation and pre-emption, the existing sensing results from periodic-based partial sensing and contiguous partial sensing can be used in resource exclusion procedures. The configuration of sensing can be the same as continuous sensing (not to be confused with the contiguous partial sensing) before the slot of initial reserved resource in Rel-16, or simple extension of the existing periodic-based partial sensing and contiguous partial sensing as described in Sec. 2.3. It is not necessary to initial new independent periodic-based partial sensing or contiguous partial sensing just for re-evaluation and pre-emption.
Proposal 15: It is not supported to initiate a new periodic-based partial sensing or new contiguous partial sensing only for re-evaluation or pre-emption.
RRC Parameters for Sidelink Enhancements
The RRC parameters for sidelink enhancements have been discussed in RAN1#106-e post meeting email discussions. There were extensive discussions on the parameter set additionalPeriodicSensingOccasion which is related to the sensing occasions discussed in Sec. 2.2.1. Based on the agreement in RAN1#105-e, the parameter set is introduced to indicate that UE additionally monitors periodic sensing occasions that correspond to a set of values. As discussed in Sec. 2.2.1 and the agreements say, "for a given period", the configuration on additional sensing occasions should be per periodicity based. Also based on the agreement, at least one additional sensing occasion is included. As more sensing occasions can be included, we can make it general for now to allow more sensing occasions.
Proposal 16: The RRC parameter set additionalPeriodicSensingOccasion lists the additional sensing occasions for each periodicity in sl-ResourceReservePeriodList or its subset if configured.

Conclusion
Random resource allocation and partial sensing for sidelink power saving were discussed. We propose the following:
Proposal 1: (Option 2) Increase the priority of UEs performing random resource selection and indicate the new priority value in the priority field in the 1st-stage SCI. An extra 2-bit field is added in SCI for indicating the original priority value associated with QoS requirement based on a mapping function/table 
Proposal 2: Partition the resource pool into several resource subsets, i.e., sub-pools. UE with random resource selection selects the resource from a sub-pool based on configuration. 
· A priority threshold value or a range of priority levels is (pre-)configured for ach resource sub-pool, below or within which random resource selection is allowed.
Proposal 3: Replace the current WA and FFS with:
· Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and two last periodic sensing occasions prior to the most recent one for the given reservation periodicity are included.
Proposal 4: Keep the current agreement to have a configuration for a given periodicity, i.e., the configuration of sensing occasions is per periodicity based.
Proposal 5: Specify a new list of X for partial sensing or set new rules for partial sensing on X with the existing list sl-TxPercentageList for termination criterion in the resource exclusion procedure.
Proposal 6: For contiguous partial sensing to support resource selection for periodic traffic, to achieve better power saving,
· the earliest sensing slot is ty0-31, where ty0 is the first slot of the Y candidate slot.
· the sensing start point is specified from a slot on or later than ty0-31 and can be configured from a predefined range or a predefined list.
Proposal 7: For contiguous partial sensing to support resource selection for periodic traffic, a minimum and a maximum on TB, TB,min  and TB,max, UE is allowed to continue sensing after n+ TB,min  , and performs resource selection on any slot in n+ [TB,min  TB,max ]. 
Proposal 8: Specify a minimum sensing window size for contiguous partial sensing. 
The minimum sensing window size should be smaller than 32- (Tproc,0 +Tproc,1 ).
Proposal 9: Specify a minimum resource selection window size for contiguous partial sensing. 
· The minimum resource selection window size can be 31- (Tproc,0 +Tproc,1 ) (in slots) or smaller.
Proposal 10: Specify the upper bound of TB, TB ,max, as PDB-WRSW,min - (Tproc,0 +Tproc,1 ).
Proposal 11: When packet delay budget is very small, and minimum resource select window size and minimum sensing window size constraints cannot both be satisfied, the minimum sensing window size constraint can be neglected and set TB to its upper bound.
Proposal 12: When UE performs partial sensing and resource selection for aperiodic traffic,
· If there exists periodic based partial sensing for periodic reservation another transmission block, UE uses the sensing results from the periodic based partial sensing in conjunction with the configured contiguous partial sensing for aperiodic traffic. 
· UE should not initiate a new periodic based partial sensing to determine a set of Y candidate slots for resource reselection for the aperiodic traffic.
Proposal 13: One of the following alternatives can be specified for UE performing sensing when SL DRX is enabled.
· Alt.1 Different settings can be configured for partial sensing in DRX active and inactive durations. 
· Alt. 2 During DRX inactive the UE performs sensing on the slots that belong to the most recent sensing occasion for a given periodicity.  
Proposal 14: For periodic traffic, the transmitting UE can signal the time when the receiving UE expects the next transmission so that the receiving UE can align the DRX with the data reception for better power saving. 
Proposal 15: It is not supported to initiate a new periodic-based partial sensing or new contiguous partial sensing only for re-evaluation or pre-emption.
Proposal 16: The RRC parameter set additionalPeriodicSensingOccasion lists the additional sensing occasions for each periodicity in sl-ResourceReservePeriodList or its subset if configured.
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Appendix
The agreements from RAN1#106-e are listed below.
Agreement:
· In periodic-based partial sensing, UE monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection.

Agreement:
Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE

Agreement:
For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resources  and/or a set of resources   for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 

Agreement:
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
1. The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
0. FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
1. On the sensing window [n+TA, n+TB] for CPS,
0. Details of TA and TB values based on the agreements from previous RAN1 meetings
0. FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
0. FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
1. FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
0. Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
0. Whether the set SA is confined within a set of Y candidate slots within the RSW
1. UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
1. Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1 

Agreement:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration

Agreement:
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately

[bookmark: _Hlk80955648]Agreement:
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled

Agreement:
Regarding RAN2’s question, in RAN1’s opinion it is feasible, other than in the following exceptional cases:
· SL transmission dropping due to prioritization or congestion control
· Due to re-evaluation, a re-selected resource is earlier than a reserved resource by UE implementation in Mode 2
· If (pre-)configured with many-to-one mapping between Tx and Rx resource pools in some cases (e.g., when PSFCH is not configured)

Agreement:
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details
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