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1. Introduction
During the RAN1#107-e meeting, power saving resource allocation mechanisms for NR sidelink were discussed and the agreements and conclusion achieved are captured in [1]. In this contribution, we will continue discussing the following aspects of resource allocation for power saving in Release 17 eSL.
· Essential remaining issues:
· Re-evaluation and pre-emption checking – aperiodic transmission
· Sidelink DRX
· Resource (re)selection taking into account DRX inactive timer of Rx-UE
· Sensing and CBR measurement during DRX inactive timer
· CBR measurement for partial sensing
· Update of resource exclusion in step 6
· High priority remaining issues:
· Handling of random selection for low priority Tx in a pool with mixed RA
· Re-evaluation and pre-emption checking after random resource selection
· T1 definition in RSW for aperiodic transmission / resource pool without periodic reservation enabled
· Configuring Ymin and Y’min based on transmission priority
· Others (e.g., RRC parameters / value range)
· CPS monitoring window length (M), conversion to logical slots, etc.
2. Essential remaining issues
2.1. Re-evaluation and pre-emption checking – aperiodic transmission
During the last meeting, the following agreement was achieved for re-evaluation and pre-emption checking. 
	Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for periodic transmission (Prsvp_TX≠0) in slot n,
· During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to [q x Prsvp_Tx + ], where  is a slot index of Y candidate slots used in the initial resource (re)selection.
·  is the first candidate slot after slot n+T3.
·  FFS whether/how to handle the case when number of the remaining Y candidate slots is less than Ymin.
· Scheme 1: 
· UE performs PBPS for the remaining Y candidate slots according to , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.  
· UE performs CPS starts from M logical slots earlier than  to  slots earlier than . 
·  By default, M is 31 unless (pre-)configured with another value.


As captured in the above, the agreement states that the candidate set (SA) is initialized to the remaining Y candidate slots during the qth reservation period when UE is triggered to perform re-evaluation or pre-emption for periodic transmission. However, the slot indices of the remaining Y candidate slots in the bracket of above agreement still need to be further discussed. In our opinion, the formula in the bracket should be revised to  because the selected Y candidate slots in every period are within the resource pool of UE and  shall be converted to the number of  logical slots when it is calculated within the resource pool.
Proposal 1: The slot indices of the remaining Y candidate slots in the qth reservation period are equal to  .
Furthermore, there is a FFS in the above agreement to handle the case that the amount of remaining Y candidate slots is less than Ymin. When performing re-evaluation/pre-emption checking, UE determines resource selection window as Rel-16 NR SL. The resource selection window is [n+T1, n+T2], T1 and T2 are defined in the same way as in Rel-16 NR SL. The candidate resource set (SA) is initialized to the remaining Y candidate slots. Additionally, more slots can be selected within resource selection window to initialize SA to reduce interference. 
One illustration is shown in Figure 1. resource selection is triggered at slot n, Y slots are pre-selected for periodic-based partial sensing. The candidate resource set is initialized to the Y slots. Resource A and B are selected based on sensing results, as shown in Figure 1 (a). Pre-emption checking is performed for resource B at slot m-T3, the resource selection window is determined by m-T3 as legacy pre-emption procedure. Considering only 2 slots among Y preselected slots remain in the resource selection window which will cause severe interference if only these 2 slots are used to initialize SA. Therefore, more slots can be selected to initialize SA, as shown in Figure 1 (b). 
For the candidate resources within resource selection window of re-evaluation/pre-emption checking, UE can perform resource exclusion based on available periodic-based partial sensing and/or contiguous partial sensing results. For the remaining Y candidate slots within the resource selection window, there are PBPS and CPS sensing results. For the new selected slots (as shown in blue slots of Figure 1 (b)), since they are selected at slot m-T3, the resource exclusion can be based on all available PBPS and CPS sensing result.
Proposal 2: If re-evaluation or pre-emption checking is triggered at slot n:
· The resource selection window is [n+T1, n+T2], T1 and T2 are defined in the same way as Rel-16 NR SL
· It can be supported that UE selects more slots in addition to the remaining Y candidate slots within resource selection window to initialize SA.
· For the candidate resources within SA, UE can perform resource exclusion based on available periodic-based partial sensing and/or contiguous partial sensing results


Figure 1
When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n, the similar solution can be achieved according to the above agreement for periodic transmission. The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots. is the first Y’ candidate slot after slot n+T3. It is recommended that UE selects additional slots within resource selection window to initialize the set SA. UE performs CPS starts from M logical slots earlier than , to  slots earlier than . When the minimum M slots for CPS cannot be guaranteed, the start point of above sensing window for CPS should be changed to the slot in which the initial resource selection is triggered. By default, M is 31 unless (pre-)configured with another value. UE utilizes all available CPS and PBPS sensing result for resource exclusion.

Proposal 3: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n:
· The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots.
·  is the first Y’ candidate slot after slot n+T3.
· It is supported that UE selects additional slots within resource selection window to initialize the set SA.
· UE performs CPS starts from M logical slots earlier than , to  slots earlier than .
· If the minimum M slots for CPS cannot be guaranteed, the start point of above sensing window for CPS should be changed to the slot in which the initial resource selection is triggered.
· By default, M is 31 unless (pre-)configured with another value.
2.2. Sidelink DRX
2.2.1 Resource (re)selection when DRX inactive timer of Rx-UE is known
· The relationship between pre-selected Y candidate slots and active time
For partial sensing, Y candidate slots are pre-selected and sensing can be performed based on the selected Y candidate slots. If SL DRX is configured, the selected resource, especially the resource for initial transmission should be within the active time of RX UE, otherwise, RX UE cannot receive the initial transmission and it will be a useless transmission. Therefore, the first slot of Y candidate slots should be within active time of RX UE.
Proposal 4: The first slot of Y candidate slots should be within active time of RX UE

· How to determine candidate resource set based on indicated active time from MAC layer.
The relationship between SL DRX and resource selection was discussed in RAN1#107-e and the following agreements were reached [1].
	Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement (with modification in RED)

Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE



To make sure at least a subset of the candidate resource is within the indicated active time, we can follow the similar mechanism of legacy candidate resource set determining procedure. During legacy determining candidate resource set, a parameter X% is configured to promise that at least X%*M of candidate resources remained within the resource set, where M is total number of resources within the resource selection window. 
To make sure that at least a subset of the candidate resource is within the indicated active time, the following options can be considered:
· Option A: An additional parameter Z% can be configured. During resource exclusion procedure, if the number of candidate resource remaining in the set  is less than X%*M or Z%*N, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window, N is total number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer. 
· Option B: An additional parameter X1% can be configured, where X1 can be smaller than X. During resource exclusion procedure, if the number of candidate single-slot resources remaining in the set  is less than X%*M or the number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer remaining in the set  is less than X1%*M, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window.
Both option A and option B can work. The difference between them is how to interpret the additional configured parameter, whether it represents percentage relative to total number of candidate single-slot resource of pre-selected Y candidate slots, or to total number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer.
Proposal 5: To make sure at least a subset of the candidate resource is within the indicated active time, the following options can be considered.
· Option A: An additional parameter Z% can be configured. During resource exclusion procedure, if the number of candidate resource remaining in the set  is less than X%*M or Z%*N, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window, N is total number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer. 
· Option B: An additional parameter X1% can be configured. During resource exclusion procedure, if the number of candidate single-slot resources remaining in the set  is less than X%*M or the number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer remaining in the set  is less than X1%*M, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window.
2.2.2 Sensing and CBR measurement during DRX inactive time
The following agreement on sidelink DRX was reached in RAN1#106-e.
	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




It was agreed that UE can perform SL reception of PSCCH and RSRP measurement for sensing during its DRX inactive time. While one open issue is whether it is subject to specification or up to UE implementation. In our view, the UE behavior of perform sensing during its DRX inactive time should be specified. 
According to RAN2’s agreement, TX-UE centric DRX configuration is taken as the baseline.
Agreements on TX-UE centric or RX-UE centric DRX configuration determination
1: 	In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, support signalling exchange including both 1) Signaling-1: signalling from RX-UE to TX-UE, and 2) Signaling-2: signalling from TX-UE to RX-UE.
2:	For SL unicast, TX-UE centric DRX configuration based on the assistance information from RX-UE is agreed as baseline.

Although RX UE can send assistance information to TX UE, how to configure the RX UE’s DRX determined by TX UE or TX UE’s gNB. It is possible that TX UE configure the DRX pattern based on its own traffic pattern by omitting the assistance information from RX UE. When RX UE performing sensing for resource selection for a candidate transmission, the configured DRX pattern may be independent of the traffic pattern of the candidate transmission. Furthermore, if the candidate transmission is aperiodic, the packet arriving time is not predicable, and the PDB may be very small. In those cases, the resource selection or sensing triggered at RX UE may be within the DRX inactive time. 
One example is shown in the Figure 2. The resource selection is triggered at slot n, which is located within DRX inactive time. If the sensing cannot be performed within DRX inactive time, the sensing window will be limited to DRX on Duration only. 


Figure 2

If UE does not perform sensing during DRX inactive time, there may be the following issues
· The sensing results is not accurate. 
Since the sensing window is limit to DRX on Duration, UE cannot get the most recent sensing result before selection window. The more recent sensing occasion, the more accurate sensing results. For example, UE can sense another UE using resource A reserve the resource B, while it cannot determine whether the resource C, which is within selection window, will be reserved or not since it does not perform sensing within DRX inactive time so that it cannot get the sensing result on resource B. 
On the other hand, UE cannot perform contiguous partial sensing for resource selection since the selection window is within DRX inactive time. In that case, the collision with aperiodic traffic cannot be avoided.
· Re-evaluation/pre-emption is not applicable
In Figure 2, when a resource C is selected within selection window, the re-evaluation and pre-emption checking cannot be performed if UE does not perform sensing within DRX inactive time. That will affect the PRR performance.
One argument of objecting sensing within DRX inactive time is power consumption. Performing sensing within DRX inactive time will increase power consumption. While the increased power consumption is marginal compared to total power consumption of UE, which includes power consumption for sensing, data reception and data transmission. 
The PRR performance and power consumption for whether performing sensing within DRX inactive time is evaluated and shown in Figure 3 and 4. The effect of SL DRX on periodic-based partial sensing and contiguous partial sensing is shown in Figure 3 and Figure 4, separately. The power consumption reduction comparison for SL DRX is also evaluated accordingly. Detailed simulation setting is in Appendix A and B. For both cases, the results show that performing sensing within both DRX active and DRX inactive duration have better performance. The power consumption results show that performing sensing within DRX active duration only provides marginal power consumption gain. 
Based on the above analysis and evaluation results, we propose that perform sensing during its DRX inactive time should be specified.
Proposal 6: Perform sensing during its DRX inactive time should be specified.
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Figure 3
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Figure 4
On sidelink CBR measurement when SL-DRX is configured for the transmitting/sensing UE, as discussed in the following section 2.3, when the number of DRX active slots plus partial sensing slots within the CBR measurement window is less than a threshold, the UE should measure additional set of slots outside of the CBR measurement window to fulfill the minimum measurement threshold requirement. However, since the selection of additional set of slots should be aligned with slots used for partial sensing to minimize UE power consumption, this means it should be allowed for UE to perform CBR measurement during DRX inactive time/period. On the other hand, if there are DRX active slots from another DRX cycle can be used for CBR measurement, these slots could be selected by the UE instead. Therefore, the CBR measurement during UE’s DRX inactive time/period  should be up to UE implementation.
Proposal 7: UE performing CBR measurement during its SL-DRX inactive time/period should be up to UE implementation.
2.3. CBR measurement for partial sensing
CBR measurement issue was discussed in RAN1#107-e meeting and the following agreement was reached [1].
	Agreement
For SL CBR measurement in partial sensing, select one option in the following:
· Option 1, 2, 3: SL RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a SL CBR measurement window defined in Rel-16. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured.
· If the number of SL RSSI measurement slots is below a (pre-)configured threshold, FFS the following or other options.
· Option 1: a (pre-)configured SL CBR value is used.
· Option 2: the UE additionally measure a set of slots within the SL CBR measurement window to meet the threshold.
· Option 3: the UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· FFS whether the set of slots in option 2/3 are (pre-) configured or selected by UE implementation.
· Option 4: LTE principle is reused:
· The UE is not required to measure CBR. 
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used



By comparing options 1/2/3 and option 4, the benefit of options 1/2/3 is that if the number of SL RSSI measurable slots is larger than the (pre-)configured threshold, the CBR is calculated based on available SL RSSI measurement results which can accurately reflect the congestion level of the RP. While option 4 is based on a (pre-)configured SL CBR value, which is not accurate. Therefore, option 4 should be excluded. 
The key difference among option 1/2/3 is how to determine the CBR in case the number of SL RSSI measurement slots is below a (pre-)configured threshold. 
· Option 1: a (pre-)configured SL CBR value is used
· Pros.: simpler solution, has more power saving gain;
· Cons.: a (pre-)configured SL CBR value is used which is not accurate, similar as option 4;
· Option 2: the UE additionally measure a set of slots within the SL CBR measurement window to meet the threshold
· Pros.: can get accurate CBR value based on SL RSSI measurement;
· Cons.: hardly to be implemented especially in case of SL DRX is configured, no power saving gain. 
UE needs to additionally measure a set of slots within the SL CBR measurement window to meet the threshold even the slots is in DRX inactive time which is not benefit for power saving gain. Furthermore, CBR is calculated at slot n, while it is hardly for the UE to know whether there will be enough number of SL RSSI measurement slots within the SL CBR measurement window until slot n. UE has to perform SL RSSI measurement per slot or buffer the received SL data per slot up to the number of slots corresponding to the size of SL CBR measurement window to make sure that the number SL RSSI measurement slots within the SL CBR measurement window is above a (pre-)configured threshold. Even the slots corresponding to SL DRX inactive time, UE needs to perform SL reception which is not benefit for power saving.
· Option 3: the UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
For each slot that is to be performed partial sensing, or within DRX active time that needs to be received or sensed, UE can perform SL RSSI measurement at the same time. If the number of  SL RSSI measurement slots within the SL CBR measurement window is below a (pre-)configured threshold, additional set of slots which can be extended outside the SL CBR measurement window and have corresponding SL RSSI measurement results can be used for CBR calculation. Then the CBR can be calculated based on the slots that have SL RSSI measurement which is more accurate.
· Pros.: can get accurate CBR value based on SL RSSI measurement, no power saving loss. 
· Cons.: no
An illustration of CBR measurement based on Option 2 and Option 3 is shown in the Figure 5 below. The CBR is calculated in slot n. The threshold for the number of SL RSSI measurement slots is 50 slots. 
For option 2, since there are only 10 slots within the DRX active time, UE needs to wake up in advance within DRX inactive time to measure additionally 40 slots for SL RSSI. That is not beneficial from the perspective of UE power saving.  
For option 3, UE performs SL RSSI measurement per slot within DRX active time, and it does not need to wake up within the DRX inactive time. For the CBR calculation in slot n, it can be calculated based on 10 slots within 3rd active time period and 40 slots within 2nd active time period. In this case, the CBR measurement is based on enough number of SL RSSI measurement slots which is more accurate without losing power saving gain.
Proposal 8: For SL CBR measurement in partial sensing and SL DRX, option 3 is used.
· Option 3: UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· Note: the addition set of slots correspond to the slots that UE needs to perform partial sensing, and/or the slots within SL DRX active time. 


Figure 5: CBR measurement based on option 2 and option 3

2.4. Update of resource exclusion in step 6
During the last few meetings, it was agreed that UE performs resource exclusion from the set  based on the step 6 of TS38.214 section 8.1.4 in both PBPS and CPS. However, some details for the step 6 need to be further discussed to handle the difference between full sensing and partial sensing. For example, the sensing occasions determined in PBPS and CPS may be located after slot n and such case doesn’t exist in R16 full sensing. In LTE-V2X, the step 6 is also different between full sensing and partial sensing, such as the calculation of value . Therefore, it is necessary to update the step 6 for partial sensing.
Proposal 9: It is necessary to update the step 6 of TS 38.214 section 8.1.4 for partial sensing.
The step 6 of TS 38.214 section 8.1.4 is copied as below:
	6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and 'Resource reservation period' field, if present, and 'Priority' field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]c)	the SCI format received in slot or the same SCI format which, if and only if the 'Resource reservation period' field is present in the received SCI format 1-A, is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is set to selection window size T2 converted to units of msec.


In R16 full sensing, the value  is used to determine the slots in which the same SCI format 1-A is assumed to be received. UE will exclude the candidate single-slot resource   from the set  if   overlaps with the resources indicated by the TRIV and FRIV of the SCI received or to be received.  is equal to  when the received resource reservation period  is smaller than  and the inequation   is satisfied, otherwise  = 1. Hence,  is used as a scaling factor to expand  for small resource reservation period and it is equal to T2 in R16. In addition, the inequation  guarantees that UE utilizes the latest received SCI for resource exclusion.
In our view, the update for step 6 mainly lies in the calculation of value  in step 6c and the rule to calculate the value  in LTE partial sensing ought to be reused as much as possible. On the basis of LTE partial sensing, slot  should be equivalent to the last possible sensing occasion. As mentioned above, the sensing occasions in PBPS and CPS may be after slot n. In the meanwhile, all of sensing occasions in PBPS and CPS are prior to slot . Hence, we propose that  is determined based on slot  in partial sensing. For example,  when slot  belongs to the resource pool of UE, otherwise  is the first slot after  belonging to the resource pool.  denotes the first slot in the Y/Y’ selected candidate slots.
Proposal 10:  is determined based on slot  in partial sensing.
If slot  is determined based on slot  rather than slot , the scaling factor   also need to be modified in partial sensing correspondingly. As can be observed above, the  is set to the remaining selection window size in full sensing. Therefore,  shall be updated to slot  minus slot  in milliseconds.
Proposal 11:  shall be updated to slot  minus slot  in milliseconds.
In R16 full sensing, UE performs resource exclusion based on the SCI received in the most recent sensing occasion because the inequation  has to be satisfied when  and  is always equal to 1 otherwise. However, it is allowed that UE monitors the most recent sensing occasion and the last sensing occasion before the most recent one in partial sensing when higher layer parameter additionalPeriodicSensingOccasion is configured. In other words, UE utilizes the SCI received in the last sensing occasion before the most recent one for resource exclusion in partial sensing. This new defined behavior in partial sensing is not aligned with full sensing such that the value  should be calculated separately when additionalPeriodicSensingOccasion is configured. One example is shown in Figure 6, UE selects one candidate slot  within the resource selection window. The sensing occasions determined according to  and resource reservation period  are slot  and  when additionalPeriodicSensingOccasion is configured. UE received a SCI in slot  and the “resource reservation period” field of this SCI indicates P1.  evaluates to 1 in this example based on the rule in full sensing with the update for  and  as described above, so UE assumes that the same SCI will be received in slot  . Obviously, the resources indicated by the SCI received in slot  and the SCI to be received in slot  (i.e., resource a-d in Figure 6) cannot overlap with . That is, UE is not able to exclude the candidate resource according to the SCI received in the last sensing occasion before the most recent sensing occasion. Therefore, the higher layer parameter additionalPeriodicSensingOccasion is meaningless in this case.

 
Figure 6
Proposal 12: The value  in step 6c should be calculated separately when additionalPeriodicSensingOccasion is configured or not configured.
· When additionalPeriodicSensingOccasion is not configured, the possible values of  are same as R16 full sensing (i.e. include 1 and ).
· When additionalPeriodicSensingOccasion is configured, FFS the possible values of .
3. High priority remaining issues
3.1. Handling of random selection for low priority Tx in a mixed RA pool
In power saving RA, it is allowed for all Type-A, Type-B (without sensing capability) and Type-D (with sensing capability) UEs to perform random resource selection in a resource pool that allows random RA. Reasons for a Type D UE to perform random resource selection could be due to several factors, such as small PDB, power saving state, and etc., although it is capable of receiving PSCCH and measuring RSRP. But after the random resource selection, the Type D UE is still be able to perform re-evaluation and pre-emption checking to avoid transmission collision. In this section, the main focus is on the issue of random resource selection of Type-A and Type-B UE that are not capable of performing re-evaluation and pre-emption checking, and thus, they cannot actively re-select resources if their low priority transmissions collide with others.
In the RAN1#106-e meeting, the following possible solutions are agreed to be considered and down-selected.
	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



The original / main issue of Type A and B UEs that do not perform sensing / receiving PSCCH at all is the inability of performing re-evaluation and pre-emption checking in a resource pool with mixed RA scheme (including at least random selection and full/partial sensing). When a Type-A or B UE performs random resource selection for a low priority transmission, it is likely for the low priority transmission to collide with another transmission with higher priority, since the UE is not capable of re-evaluation and pre-emption checking. For the higher priority transmission, the transmitting UE will not perform resource re-selection even if the potential collision is detected which will cause performance degradation.
For the proposed Option 1, in our understanding, it is to allow random resource selection to be performed only for transmission with a priority level above a certain threshold in a mixed resource pool, such that a lower priority transmission selected with full/partial sensing would actively avoid or perform re-selection to avoid collision during re-evaluation and pre-emption checking. While a full/partial sensing UE whose priority is higher than the transmission of random RA will not perform resource reselection based on re-evaluation and pre-emption checking. In that case, the transmission of random RA will affect the performance of transmission with higher priority only. That is not a reasonable case since the performance of higher priority transmission should be promised/protected compared to lower priority transmissions.
For Option 2, the basic idea is to artificially increase the priority level for transmissions based on random resource selection such that other transmissions with lower priority based on full/partial sensing will actively avoid or perform re-selection to avoid collision during re-evaluation and pre-emption checking. In order to achieve this effect / goal, the mechanism is to artificially increase the priority to a certain pre-defined or (pre-)configured level and indicates the new priority in the 1st stage SCI. At the same time, in order for the Rx UE to obtain the original priority level for the purpose of QoS flow in the higher layer, there could be several different methods as indicated in the following FFS sub-bullets. However, it should be noted that this option will not work well with legacy UEs operating in the same resource pool, since they will treat the artificial priority level as the “real/original” priority in the QoS flow. On the other hand, the artificial increased priority level will affect other procedure which is based on priority level, such as collision handling between UL and SL, collision handling between NR SL and LTE SL, collision handling between PSFCH transmission and reception, etc. 
· Scheme 1: The original L1 priority would still be indicated in the 1st or 2nd stage SCI using a new field. Since 3 bits would be required for the new filed and the not required for resource sensing purpose, it is likely the new field should be included in the 2nd stage SCI.
· Scheme 2: A 1-bit field in the SCI (1st or 2nd stage) indicates that the UE is performing random resource selection. In scheme 2, legacy UE cannot understand the 1-bit indication which will result in backward compatibility problem. The legacy UE will take the artificial increased priority level in SCI as a normal priority and use it for following processing, such as sensing, collision handling, etc. 
· Scheme 3: To resolve the problem in scheme 2, the scheme 3 directly provides the mapping / offset value in the SCI with a new field, such that it would not result in priority mis-alignment between Tx and Rx UEs. But it is our understanding that this new / extra field will require at least 2 bits (instead of the just 1 bit in scheme 2). Similar as scheme 2, this scheme will cause backward compatibility problem.
For Option 7, simply a 1-bit field is added in the 1st stage SCI indicating the transmission is based on random resource selection such that all other UEs (performing sensing) would automatically / by default exclude all random selected resources during their resource (re)selection and re-evaluation/pre-emption checking processes. Although simple, but the same legacy UE problem similar to Option 2 also exist for this option. If additional restriction should be placed on allowing legacy UEs to coexist in the same resource pool with R17 random selection UEs, then we will create a new resource fragmentation problem which is also not desirable.
Observation 1: 
· For Option 1, the random RA UE allowed to use the resource in the mixed resource pool will only degrade the performance of full/partial sensing UE which has higher priority than the random RA UE. 
· For both Option 2 and 7, there exist a backward compatibility problem that legacy R16 UEs do not understand a new / artificial priority level and/or a new field in SCI. Therefore, our preference is either Option 1 or 12 for random selection in a resource pool with mixed RA schemes.
In LTE-V2X, exception pool is configured which is allowed for transmission based on random RA. Furthermore, for pedestrian UE which has no or partial sensing capability, an additional P2X resource pool is configured. Within the P2X resource pool, full/partial sensing based resource selection and random resource selection are allowed. This mechanism can be reused in NR SL. A separate resource pool can be configured within which full/partial sensing based resource selection and random resource selection are allowed and no special handling is needed within the resource pool (i.e., Option 12). Simulation results have been provided in the past showing that there is no serious performance issue for UEs with and without sensing capability to coexist in a same resource pool.
Proposal 13: For a resource pool (pre-)configured with full/partial sensing and random resource selection, Option 12 is preferred.
3.2. Re-evaluation and pre-emption checking after random selection
In R16, re-evaluation of pre-selected resources and pre-emption checking for reserved resources are supported to further enhance the reliability of SL communication in NR. Especially for a low priority transmission, it is vital for the UE to detect any potential collision and re-select its resource(s) to avoid collision that would cause interference to other high priority ones. This is particularly important if resources were initially selected randomly or with limited sensing (e.g., due to short PDB of an aperiodic TB or power saving mode). Therefore, for UEs with SL reception / sensing capability, re-evaluation and pre-emption checking shall be performed even when random resource selection was used by the UE during the initial selection.
Proposal 14: For UEs with SL reception / sensing capability, re-evaluation and pre-emption checking shall be performed even when random resource selection was used by the UE during the initial selection.

3.3. T1 definition in RSW for aperiodic transmission
In RAN1#107-e meeting, the definition of T1 for the resource selection window when UE is triggered by aperiodic transmission in a resource pool without periodic reservation enabled was discussed (i.e., when UE performs only CPS for resource (re)selection), but no agreement on this remaining open issue was reached. So far, it has already been agreed that when a UE performs PBPS for either periodic and aperiodic transmissions, the definition of T1 follows that in Release 16. According to this Rel-16 definition, the time location of T1 is fixed relative to the triggering slot n, that is, the starting point for the RSW (n+T1) is always the same.
A new T1 definition that takes into account of CPS monitoring window of M slots was proposed in RAN1#107-e. That is, the proposal for the new definition is to specify the resource selection window (RSW) to start only after the CPS monitoring window plus some UE processing time to ensure there are sufficient number of slots (M) for CPS monitoring. That is, T1 = n+TB+Tproc,0+Tproc,1 and TB is selected such that TB – TA ≥ M.
Based on the discussions on this topic in the last meeting, another motivation behind the proposed new T1 definition is to restrict the UE implementation freedom such that UE always selects a set of Y’ candidate slots within the RSW that always guarantee M monitoring slots for CPS. But it should be noted that, this new definition may not always be the best approach in terms of candidate slot selection. For example, when the remaining PDB of an aperiodic transmission is very small and that both Y’min and M slots cannot be both met at the same time, it can be up to UE’s best judgement to decide fulfilling Y’min slots instead of M when pre-emption checking is enabled.  Another example could be the SL-DRX active timer of the Rx-UE overlaps only the front portion of the RSW (after slot n) and the Y’ candidate slots need to be selected to at the front portion leaving less than M slots for the CPS monitoring. If the M CPS slots should be always guaranteed by the new definition, then the performance (reliability) and/or the packet reception during DRX active timer/period of the Rx-UE could suffer. Overall, it is best keeping the existing Rel-16 definition of T1 when UE performs CPS-only monitoring and provide freedom to UE implementation to select the most appropriate candidate slots within the RSW based on the exact situation / transmission circumstances.
Proposal 15: it is best keeping the existing Rel-16 definition of T1 when UE performs CPS-only monitoring and provide freedom to UE implementation to select the most appropriate candidate slots within the RSW based on the exact situation / transmission circumstances. 
3.4. Configuring Ymin and Y’min based on transmission priority
In LTE-V partial sensing, it is up to UE implementation to select Y number of candidate slots within a resource selection window (RSW), where Y should be equal to or larger than a configured minimal number of slots. As agreed in RAN1#104-e, same principle / approach has been taken for the periodic-based partial sensing in NR sidelink. However, one remaining open issue relating to the Y candidate slots is how to define / determine the range of Ymin number of slots that can be (pre-)configured. In principle, the number of Y candidate slots should be selected based on, for example, number of (re)transmissions, PDB and CBR. One way to do this is by setting / selecting proper Ymin values based on transmission priority level so that there would be sufficient number of available resources for selection at the MAC layer. In LTE-V, the number of (re)transmission per TB is always 2 and the remaining PDB can always assume to be 100ms for P2X. As such, the setting of Ymin is not that crucial for dedicated P2X resource pools. Furthermore, BSMs for P2X traffic could be mostly the same priority level. Therefore, the Ymin value range did not take into account of transmission priority. But for NR sidelink, P2X is not the only traffic type that need to be supported, consider other use cases in public safety and commercial applications with different priority levels. For example, a higher Ymin value for higher priority transmissions.
Proposal 16: For the selection of Y and Y’ candidate slots for periodic and aperiodic transmissions, respectively,
· The agreed (pre-)configured range of values for the minimum number of Y and Y’ candidate slots (Ymin and Y’min) should be based on L1 transmission priority to ensure sufficient resources for high priority transmissions.
3.5. Others
1) RRC parameter value / range
In the last RAN1#107-e meeting, the following agreement was reached when UE performs at least CPS for aperiodic transmission.
	Agreement 
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· If the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min,
· How UE includes other candidate slots is up to UE implementation
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots.
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results starting at M consecutive logical slots before ty0 and ending at Tproc,0 + Tproc,1 slots earlier than ty0.
· FFS: By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority
· FFS: The range of (pre-)configured M from a TBD lowest value up to 30
· When the minimum M slots for CPS cannot be guaranteed, support both
· Option A, the UE ensures the Y’min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation


The remaining open issue / FFS items from this agreement are related to the (pre-)configuration of M slots for CPS monitoring and its value range. In our view, since the maximum number of slots of separation between two resources that can be dynamically reserved/indicated in a SCI is 31, it is reasonable to set the default value for M to be 31. If it is (pre-)configured with another value, it also makes sense that the value should be based on the transmission priority to apply longer CPS monitoring for higher priority packets.
In terms of the value range for M when it is (pre-)configured, it could start with a small number (i.e., low number of CPS slots) when re-evaluation and pre-emption checking is supported. However, at least it should not start from a value zero. By setting M to zero, this essentially turns off CPS monitoring for aperiodic transmissions. In NR sidelink, dynamic resource reservation by SCI is allowed at any time and in all resource pool. On the other hand, periodic reservation for another TB is only allowed in a certain resource pool with sl-MultiReserveResource enabled. Therefore, at a bare minimum, the UE should always perform CPS even for a short number of slots, and this would not incur much of additional power consumption to the UE. Therefore, the value range for M CPS monitoring window when it is (pre-)configured should be [1..30].
Proposal 17: For the CPS monitoring window [n+TA, n+TB],
· By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority.
· The range of (pre-)configured M from value 0 up to 30.
2) Conversion to logical slots in partial sensing notations
In the last few meetings, the formula  and   were used to illustrate the candidate slots and the sensing occasions determined in periodic-based partial sensing. However, there are some misalignments between these expressions and current specification. It should be noted that   denotes the slots that may belong to a sidelink resource pool and   represents the slots that belong to a resource pool in TS 38.214. Obviously, UE ought to select the Y candidate slots within its resource pool and the sensing occasions in PBPS should be located within the resource pool according to the same rule of full sensing in R16. Therefore, we suggest to revise   and  to  and  in the subsequent agreements and specification, where  is  converted to units of logical slot due to  corresponds to the periodicity in milliseconds.
Proposal 18: Revise  and  to  and  in TS 38.214.
4. Conclusion
In this contribution, we discussed various partial sensing mechanisms for power saving in NR sidelink. The following observations and proposals are given:
Proposal 1: The slot indices of the remaining Y candidate slots in the qth reservation period are equal to  .
Proposal 2: If re-evaluation or pre-emption checking is triggered at slot n:
· The resource selection window is [n+T1, n+T2], T1 and T2 are defined in the same way as Rel-16 NR SL
· It can be supported that UE selects more slots in addition to the remaining Y candidate slots within resource selection window to initialize SA.
· For the candidate resources within SA, UE can perform resource exclusion based on available periodic-based partial sensing and/or contiguous partial sensing results
Proposal 3: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n:
· The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots.
·  is the first Y’ candidate slot after slot n+T3.
· It is supported that UE selects additional slots within resource selection window to initialize the set SA.
· UE performs CPS starts from M logical slots earlier than , to  slots earlier than .
· If the minimum M slots for CPS cannot be guaranteed, the start point of above sensing window for CPS should be changed to the slot in which the initial resource selection is triggered.
· By default, M is 31 unless (pre-)configured with another value.
Proposal 4: The first slot of Y candidate slots should be within active time of RX UE
Proposal 5: To make sure at least a subset of the candidate resource is within the indicated active time, the following options can be considered.
· Option A: An additional parameter Z% can be configured. During resource exclusion procedure, if the number of candidate resource remaining in the set  is less than X%*M or Z%*N, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window, N is total number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer. 
· Option B: An additional parameter X1% can be configured. During resource exclusion procedure, if the number of candidate single-slot resources remaining in the set  is less than X%*M or the number of candidate single-slot resources within the overlap part of pre-selected Y candidate slots within resource selection window and indicated active time from MAC layer remaining in the set  is less than X1%*M, the RSRP threshold will be increased by 3dB and repeat the resource exclusion procedure, where M is total number of candidate single-slot resources of pre-selected Y candidate slots within the resource selection window.
Proposal 6: Perform sensing during its DRX inactive time should be specified.
Proposal 7: UE performing CBR measurement during its SL-DRX inactive time/period should be up to UE implementation.
Proposal 8: For SL CBR measurement in partial sensing and SL DRX, option 3 is used.
· Option 3: UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· Note: the addition set of slots correspond to the slots that UE needs to perform partial sensing, and/or the slots within SL DRX active time.
Proposal 9: It is necessary to update the step 6 of TS 38.214 section 8.1.4 for partial sensing.
Proposal 10:  is determined based on slot  in partial sensing.
Proposal 11:  shall be updated to slot  minus slot  in milliseconds.
Proposal 12: The value  in step 6c should be calculated separately when additionalPeriodicSensingOccasion is configured or not configured.
· When additionalPeriodicSensingOccasion is not configured, the possible values of  are same as R16 full sensing (i.e. include 1 and ).
· When additionalPeriodicSensingOccasion is configured, FFS the possible values of .
Observation 1: 
· For Option 1, the random RA UE allowed to use the resource in the mixed resource pool will only degrade the performance of full/partial sensing UE which has higher priority than the random RA UE. 
· For both Option 2 and 7, there exist a backward compatibility problem that legacy R16 UEs do not understand a new / artificial priority level and/or a new field in SCI. Therefore, our preference is either Option 1 or 12 for random selection in a resource pool with mixed RA schemes.
Proposal 13: For a resource pool (pre-)configured with full/partial sensing and random resource selection, Option 12 is preferred.
Proposal 14: For UEs with SL reception / sensing capability, re-evaluation and pre-emption checking shall be performed even when random resource selection was used by the UE during the initial selection.
Proposal 15: it is best keeping the existing Rel-16 definition of T1 when UE performs CPS-only monitoring and provide freedom to UE implementation to select the most appropriate candidate slots within the RSW based on the exact situation / transmission circumstances.
Proposal 16: For the selection of Y and Y’ candidate slots for periodic and aperiodic transmissions, respectively,
· The agreed (pre-)configured range of values for the minimum number of Y and Y’ candidate slots (Ymin and Y’min) should be based on L1 transmission priority to ensure sufficient resources for high priority transmissions.
Proposal 17: For the CPS monitoring window [n+TA, n+TB],
· By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority.
· The range of (pre-)configured M from value 0 up to 30.
Proposal 18: Revise  and  to  and  in TS 38.214.
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Appendix A
	Scenario
	Manhattan Urban P2V with the interference of VUE (including V2P and V2V) Location update is not modelled for pedestrian UE    

	Dropping of PUEs
	TR 36.885 PUE dropping model. 500 PUEs (Located in 9 grids)

	Dropping of VUEs
	Urban Option A in TR 37.885 (30% TXs as interference, resource selection of V2P traffic is restricted within the active time of RX)

	Traffic Model
	For PUE: Traffic model for P-UE’s transmission in TS 36.885
· The message size is fixed at 300 bytes and transmission frequency is 1Hz 
· ‘100ms’ latency requirement
For VUE: Periodic Model 2 in TR37.885 with following modifications:
· Inter-packet arrival time: 50ms
· Packet size: 1200 bytes (20%); 800 bytes (80%)
· Latency requirement: 50ms

	Cast Type
	Broadcast

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2P/P2V/V2P

	Antenna 
	TX port：1   RX port：2

	Retransmission 
	1

	DRX Pattern
	On duration: 15ms      DRX Cycle:50ms



Appendix B
	Scenario
	Manhattan Urban P2V with the interference of VUE (including V2P and V2V)    
Location update is not modelled for pedestrian UE    

	Dropping of PUEs
	TR 36.885 PUE dropping model. 500 PUEs (Located in 9 grids)

	Dropping of VUEs
	Urban Option A in TR 37.885 (50% TXs as interference, resource selection of V2P traffic is restricted within the active time of RX)

	Traffic Model
	For PUE: Aperiodic Model 1 in TR37.885 with following changes:
· Inter-packet arrival time: 250ms + an exponential random variable with the mean of 250ms
· Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
· Latency requirement: 100ms
For VUE: Aperiodic Model 1 in TR37.885:
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50ms
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50ms

	Cast Type
	Broadcast

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2P/P2V/V2P

	Antenna 
	TX port：1   RX port：2

	Retransmission 
	1

	DRX Pattern
	On duration: 15ms      DRX Cycle:50ms



Power consumption reduction ratio for periodic-based partial sensing compared to full sensing

[值]
[值]
[值]

Random	Sensing within DRX on only	Sensing within DRX on and off	0.58250000000000002	0.58360000000000001	0.56230000000000002	


Power consumption reduction ratio for contiguous partial sensing compared to full sensing

[值]
[值]
[值]

Random	Sensing within DRX on only	Sensing within DRX on and off	0.60560000000000003	0.61	0.55769999999999997	
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