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1. Introduction
In RAN1#104-bis-e meeting, power saving mechanism for sidelink was discussed and some agreements and conclusion were achieved in [1]. In this contribution, we will continue discussing the mechanisms of power saving for NR SL.
2. Discussion
2.1. Periodic-based partial sensing 
For NR SL, both periodic and aperiodic traffic are supported. For periodic traffic, the following agreements were achieved in RAN1#104-bis-e [1]:
Agreements:
· In periodic-based partial sensing,
1. For the set of Preserve values, down-select to one of the following in RAN1#105-e
· Alt.1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Alt.2: A set of Preserve values is (pre-)configured and includes up to the full set of values from the configured set sl-ResourceReservePeriodList
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
1. For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
· Alt 1: Option 1 as in RAN1#104-e
· Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
· FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
· Note: companies are encouraged to provide more evaluations 

Agreement:
· When periodic-based partial sensing is potentially performed by UE in a mode 2 Tx resource pool provided by higher layer, at least all of the followings are met:
· Periodic reservation for another TB (sl-MultiReserveResource) is enabled for the resource pool
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE

The remaining open issues for periodic-based partial sensing will be discussed in this section.
1) Selection of Y slots
In LTE-V2X partial sensing, UE selects Y slots within resource selection window, where Y should be equal or larger than a configured minimal number of candidate slots. How to select Y slots is up to UE implementation. This can be taken as baseline for periodic-based partial sensing of R17 NR SL. 
If SL DRX is configured for NR SL, the selection of Y slots should consider the effect of SL DRX. When TX UE selects Y slots within resource selection window, the selected Y slots should be within RX UE’s SL DRX ON duration as much as possible. Specifically, if the number of Y is less than the number of slots within RX UE’s SL DRX ON duration, it is preferred to select Y slots within SL DRX ON duration; if the number of Y is larger than the number of slots within SL DRX ON duration, it is preferred to select Y slots which covers the slots within SL DRX ON duration.  
Proposal 1: For the selection of Y candidate slots,
· If SL DRX is not configured, the selection of Y slots within resource selection window is up to UE implementation, which is same as LTE-V2X mechanism. 
· If SL DRX is configured, the selection of Y slots within resource selection window should include the slots within RX UE’s DRX ON duration as much as possible.

2) Determination of reservation period Preserve
There are 2 alternatives for selection of Preserve to be down-selected. In our view, Alt.1 is preferred. If a set of periods are configured to a resource pool, it is reasonable to do sensing based on all configured periods, otherwise, the resource selection is not accurate and will degrade performance. Our simulation results in section 5) show the PRR performance loss if only partial of Preserve is used for sensing. 
Proposal 2: Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). The following alternative is applied:
· Alt.1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList

3) Selection of k
For periodic-based partial sensing, if Y slots are pre-selected within resource selection window, UE needs to sense the following slots within the sensing window:
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How to select the value of k is FFS. There are 2 options to be down-selected. In our view, Alt. 1 (i.e., k=1) is preferred. In NR SL, the resource is reserved by the SCI transmitted in previous SCI only. That is, if UE detects an SCI and the resource reservation is enabled, it can only assume that the resource for next period is reserved. Following this principle, we think that k=1 which corresponds to the most recent periodic sensing occasion is preferred for the periodic-based partial sensing as it contains the most up-to-date reservation information from other UEs. If Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList, UE only does sense the Y slots corresponding to each configured periodicity Preserve. 
Furthermore, our simulation results in section 5) show that the PRR performance of partial sensing with k=1 is already very close to full sensing with negligible loss. Therefore, it is not necessary to optimize the PRR performance of partial sensing further by considering other periodic sensing occasions that are even earlier. Furthermore, if other k values are allowed (e.g., k = 2, 3, 4 or 5), there can be significant specification impact to the existing resource reservation principle/behavior in step 6). If the gain from having other k values is only very minimal, trying to get closer to the full sensing results, the extra effort from modifying the existing reservation principle is not very well justified. Additionally, if more periods are sensed (Alt. 2), the power saving gain will be degraded. In our view, there is no necessary to sacrifice the power saving benefit to pursue a very marginal PRR performance gain. 
Proposal 3: For the selection of k value in periodic-based partial sensing,
· Alt.1 (Only the most recent sensing occasion within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction) is supported.

4) Periodic-based partial sensing is performed before resource (re)selection trigger or the set of Y candidate slots.
One remaining FFS of periodic-based partial sensing is as follows:
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.

Whether periodic-based partial sensing is performed only before resource (re)selection trigger slot n (Option 1) or until the first slot of Y candidate slots (Option 2). The main difference of these two options is whether the most recent periodic sensing occasion before first slots of Y candidate slots is before or after slot n. The figure below shows two different cases. In Figure 1 (a), the most recent periodic sensing occasions corresponding to reservation periods p1 and p2 are before the triggering slot n. In this case, the above two options are equivalent to each other, where all periodic sensing occasions that need to be monitored by the TX UE are sensed/considered for the resource (re)selection. This is most likely due to large reservation periodicities configured for the resource pool and/or the selection of Y candidate slots is close to the triggering slot n. In Figure 1 (b), the most recent periodic sensing occasion corresponding to reservation period p1 is after slot n. If option 1 is applied, the most recent sensing occasions for reservation periodicities p1 and p2 before the triggering slot n would be (ty-2*p1 and ty-p2), and for which the UE will be based on for the resource (re)selection. And if option 2 is applied, the UE performs periodic-based partial sensing for ty-p1 and ty-p2 and then determine a candidate resource set for the resource (re)selection based on sensing results of the most recent periodic sensing occasions. Considering that the most sensing occasion has more accurate/reliable sensing results, it is preferred to perform periodic-based partial sensing until the first slot of Y candidate slots. 
Proposal 4: For periodic-based partial sensing, UE should perform periodic-based partial sensing until the first slot of Y candidate slots.


Figure 1

5) Evaluation for periodic-based partial sensing for periodic traffic
The performance of periodic-based partial sensing is shown in Figure 2 which corresponds to k=1. Two reservation periodicities are configured for the resource pool, Preserve1 =50ms for V-UE and Preserve2 =1000ms for P-UE. The number of Y candidate slots is set to 80. The interference level from V-UE is set to 25%. Detailed simulation assumption is in Appendix A. Several sensing mechanisms are evaluated for comparison:
· Full sensing: legacy sensing in R16 NR SL;
· Random: resource is random selected without sensing and re-evaluation/pre-emption;
· Partial sensing: periodic-based partial sensing + re-evaluation
· UE selects Y=80 slots within resource selection window, and perform periodic-based partial sensing within sensing window. UE perform sensing on the following slots corresponding to k=1:  and , where slot y corresponds to each slot within Y selected slots.
· Subset=50: periodic-based partial sensing corresponding to Preserve1 =50ms only + re-evaluation
· UE performs periodic-based partial sensing corresponding to Preserve1 =50ms only. UE does NOT perform periodic-based partial sensing corresponding to Preserve2 =1000ms
· Subset=1000: periodic-based partial sensing corresponding to Preserve2 =1000ms only + re-evaluation
· UE performs periodic-based partial sensing corresponding to Preserve2 =1000ms only. UE does NOT perform periodic-based partial sensing corresponding to Preserve1 =50ms;
The results show that the PRR performance of partial sensing is very close to full sensing with negligible loss. While if partial sensing based on only partial reservation periodicities, there will be obvious performance loss compared to full sensing. 
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 Figure 2 Performance of periodic-based partial sensing 

The power consumption of periodic-based partial sensing is listed in the following table. 
· “reduction ratio for sensing”: the power reduction ratio compared to full sensing considering sensing only;
· “reduction ratio for total power consumption”: the total power includes the power consumption for sensing, data reception, data transmission and potential power consumption of deep/light/micro sleep states.
It shows that the power consumption of periodic-based partial sensing with k=1 can save about 96% and  94% power compared to full sensing for sensing only and total power consumption respectively. Sensing more periodicities (corresponding to k=2) will cause more power consumption. 

Table 1: Power consumption of random resource selection and periodic-based partial sensing compared with full sensing
	
	Random
	Periodic-based Partial sensing: k=1
	Periodic-based Partial sensing: k=2

	Reduction ratio for sensing
	1
	0.96
	0.94

	Reduction ratio for total power consumption
	0.97
	0.94
	0.92



6) The effect of SL DRX on periodic-based partial sensing
We will discuss the relationship between SL DRX and periodic-based partial sensing in this section. Firstly, it needs to clarify that the motivation of sensing is for data transmission. Then the following description is from TX UE’s perspective. Accordingly, the DRX ON duration refers to TX UE’s DRX ON duration. 
Depends on whether sensing is limit within DRX active time or not, there are the following two different methods.
· Sensing is performed within TX UE’s DRX active time only
If partial sensing is performed within TX UE’s DRX active time only, there will be the following two issues:
· The sensing results is not accurate. 
· Re-evaluation/pre-emption is not applicable in some cases
One example is shown in Figure 3. Two reservation periods are configured for the resource pool, i.e., P1 and P2. The data pattern of TX UE corresponds to P1. The RX UE’s DRX pattern is configured by considering TX UE’s data pattern, i.e., P1. The DRX pattern of TX UE and RX UE are configured independently. If resource selection is triggered at slot n, the resource selection window is determined based on PDB, which maybe out of TX UE’s DRX ON duration, as shown in the figure. If the partial sensing is done only within DRX ON duration, it cannot obtain accurate sensing results since it cannot get the latest sensing results based on P2.  Furthermore, if some resources, such as resource in slot y, are selected within Y slots within the selection window, TX UE cannot do re-evaluation or pre-emption check at time y-T3 since it cannot do sensing before the selected resources because the slots before y-T3 are out of TX UE’s DRX ON duration. 


Figure 3 Sensing is performed within DRX ON duration only

Observation 1: If sensing is performed within DRX active time only, that will affect sensing accuracy and re-evaluation/pre-emption are not applicable in some cases.

· Sensing is performed within both DRX active time and DRX inactive time
If sensing is not limit within DRX active time, the sensing window can be determined by R16 NR-V2X mechanism. In this case, the sensing result can be more accurate since it can get the sensing results of all configured reservation periods. Furthermore, re-evaluation and pre-emption are also applicable even if the selection window is out of TX UE’s DRX ON duration, as shown in Figure 4.


Figure 4 Sensing is preformed within DRX ON duration and DRX OFF duration
Observation 2: If sensing is performed within both DRX active time and DRX inactive time, more accurate sensing results can be obtained and re-evaluation/pre-emption are applicable.
Proposal 5: Performing periodic-based partial sensing within both DRX active time and DRX inactive time is supported.

2.2. Contiguous partial sensing 
Contiguous partial sensing was discussed in RAN1#104-e meeting, and the following agreements were achieved [2]:
Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking

The details of contiguous partial sensing will be discussed in this section.
1) Condition to perform contiguous partial sensing
Contiguous partial sensing can be applied for both periodic traffic and aperiodic traffic. UE can support periodic traffic only, aperiodic traffic only, or both periodic and aperiodic traffic. 
If resource re-selection trigger at slot n is for periodic traffic, it can select Y slots within resource selection window and perform periodic-based partial sensing in advance. Before the first slot  within Y slots, UE can additionally perform contiguous partial sensing to determining whether there is potential collision with aperiodic traffic from other UEs, which is similar as re-evaluation and pre-emption checking in R16 NR SL. If the slot n is predicable, UE can perform contiguous partial sensing before slot n. Or else, UE can only perform contiguous partial sensing after slot n. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If resource re-selection trigger at slot n is for aperiodic traffic, and even if there are pre-selected Y slots within the resource selection window, UE can determine when to perform the contiguous partial sensing regardless of the selected Y slots. UE should perform the contiguous partial sensing based on the QoS requirement of the aperiodic traffic, instead of the pre-selected Y slots. For example, the pre-selected Y slots is far away from slot n, and the PDB of aperiodic traffic is small, in that case, UE should perform contiguous partial sensing based on PDB of aperiodic traffic and regardless of the pre-selected Y slots. While UE cannot perform contiguous partial sensing before slot n since it cannot predict the timing of the triggering slot n for aperiodic traffic. 
Proposal 6: Contiguous partial sensing is applicable for both periodic traffic and aperiodic traffic.
· For periodic traffic, when to perform continuous partial sensing is determined by the first slot  within selected Y slots.
· For aperiodic traffic, continuous partial sensing is performed based on QoS requirement of the aperiodic traffic regardless of whether there are selected Y slots within resource selection window. 
 
2) The value of TA, TB
As discussed above, contiguous partial sensing can be applied for aperiodic traffic. For aperiodic traffic, a data packet arrives at slot n, the UE will perform resource selection based on sensing results within a resource selection window [n+T1, n+T2], as shown in Figure 5. The purpose of contiguous partial sensing is to avoid resource collision with resource reserved by other UEs for re-transmission, which is indicated by SCI and within 31 slots. Figure 5 shows 3 cases, corresponding to TA >0, TA =0 and TA <0 respectively. 
· TA > 0: UE performs partial sensing after the resource selection triggering slot n. If the PDB of the data packet is large, UE performs partial sensing within [n+TA, n+TB] and carries out resource selection based on the sensing results. Since the resource selection is based on sensing results, that will cause less collision with other UEs. 
· TA = 0: If the PDB of the data packet is small, UE can perform resource selection randomly at slot n. Before the selected resources, UE performs re-evaluation/pre-emption checking to determine whether there is potential collision with other UEs. In this case, UE can select resource as soon as possible and avoid potential collision with other UEs based on further contiguous partial sensing.
· TA < 0: In this case, UE should perform sensing before slot n. This is not applicable for aperiodic traffic because UE cannot predict the arriving timing of the data packet so that it cannot perform partial sensing in advance. 
The value of TB determines the size of the contiguous partial sensing window. Considering that the maximum time gap between two resources indicated by SCI is 31 slots, there should be a limitation between TA and TB: TB - TA ≤ 31.
Proposal 7: If continuous partial sensing is applied to aperiodic traffic,
· The value of TA can be TA > 0 or TA =0
· TB - TA ≤ 31



Figure 5 Continuous partial sensing for aperiodic traffic

Contiguous partial sensing can also be applied for periodic traffic. In this case, periodic-based partial sensing and contiguous partial sensing can be combined together for resource selection. The former is to avoid collision with periodic reserved resource, the latter is to avoid collision with aperiodic traffic / reservation. For periodic-based partial sensing, Y slots are selected within resource selection window. Therefore, for contiguous partial sensing, the resource selection window and the initialization of candidate resource set would be the same as for the periodic-based partial sensing. UE performs periodic-based partial sensing within sensing window. Additional, UE can perform contiguous partial sensing before first slot y0 within Y slots, as shown in Figure 6. In this case, n+ TA should be equal to or larger than y0-31, n+ TB should be less than , where y is the first slot within Y slots,  and  are legacy parameters defined in R16 NR SL. For periodic traffic, if the timing of slot n can be predicted (for example, the resource re-selection is triggered by the SL_RESOURCE_RESELECTION_COUNTER decreased to 0) , UE can performs sensing in advance (i.e., before slot n) which corresponds to TA <0. If the timing of slot n is not predictable (for example, the resource re-selection is triggered by other trigger conditions defined in TS 38.321), UE cannot perform contiguous partial sensing before slot n. In that case,  TA cannot be less than 0, it is only possible for TA > 0 and TA =0 .
Proposal 8: If continuous partial sensing is applied to periodic traffic, 
· If the timing of slot n is predicable, the value of TA can be TA > 0, TA =0 or TA <0, otherwise, TA can be TA >0 or TA =0. 
· The value of TA and TB is determined by the first slot  within Y selected slots.
· If the timing of slot n is predicable: , 
· If the timing of slot n is not predicable: , 


Figure 6 Continuous partial sensing for periodic traffic

3) The effect of SL DRX on continuous partial sensing
As discussed in previous section, partial sensing can be performed within both DRX ON duration and DRX OFF duration of TX UE. To assist RX UE’s data reception, the selected resource based on contiguous partial sensing should include at least one slots within DRX ON duration of RX UE. 
Proposal 9: Performing continuous partial sensing within both DRX active time and DRX inactive time is supported.
Proposal 10: The selected resource based on contiguous partial sensing should include at least one slot within DRX ON duration of RX UE

4) Evaluation of continuous partial sensing for aperiodic traffic
The performance of continuous partial sensing is evaluated. For comparison, another two schemes (full sensing and random selection) are also evaluated. 
· Full sensing: Legacy R16 sensing procedure, full sensing + re-evaluation；
· Sleep state: no sleep
· Random selection: no sensing, randomly select resource, no re-evaluation;
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Sleep state: default state is deep sleep; For each TB, light sleep state from the first to the last selected resource;
· Scheme 1 (TA = =0) : random resource selection + re-evaluation;
· UE randomly selects resource at slot n and performs re-evaluation check before 1st selected resource.
· Sleep state: default state is deep sleep, no sleep for the duration from 32 slots before the first selected resource to the last selected resource. 
· Scheme 2 (TA>0): short term sensing (sense 32 slots) + re-evaluation
· UE sense 32 slots [n+1, n+32], selects resource within resource selection window based on sensing results, performs re-evaluation check before 1st selected resource.
· Sleep state: default state is deep sleep, no sleep for short term sensing period and the duration from 32 slots before the first selected resource to the last selected resource, whether deep/light/micro sleep state for the duration between end of sensing and 32 slots before the first selected resource depends on the length of the duration.
Four scenarios are evaluated to compare the PRR and power consumption of different resource selection schemes. There is no interference from VUE for Scenario 1 to Scenario 3. To compared with scenario 1, 25% VUE as interference is evaluated in scenario 4. Detailed simulation settings are listed in Appendix B.
· Scenario 1: aperiodic traffic with larger packet interval, BW=40MHz, no interference from VUE
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Scenario 2: aperiodic traffic with larger packet interval, BW=20MHz, no interference from VUE
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Scenario 3: aperiodic traffic with small packet interval, BW=20MHz, no interference from VUE
· Inter-packet arrival time: 100 ms + an exponential random variable with the mean of 100 ms
· Scenario 4: aperiodic traffic with larger packet interval, BW=40MHz , 25% VUE as interference
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms

The PRR performance of different scenarios are shown in Figure 7-10 respectively. The results show that random resource selection has the worst performance in all scenarios. Scheme 1 and Scheme 2 have almost the same PRR performance as full sensing in all scenarios. In some cases, the performance of Scheme 1 is a little worse than Scheme 2, that is because the resource is randomly selected instead of based on sensing in scheme1. With VUE as interference, the PRR performance of PUE degrades because of more congested scenario.
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Figure 7 PRR performance of Scenario 1
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Figure 8 PRR performance of Scenario 2
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Figure 9 PRR performance of Scenario 3
[image: ]
Figure 10 PRR performance of Scenario 4
The power reduction ratio of scheme 1, scheme 2 and random resource selection compared to full sensing are listed in the following tables. The power reduction for sensing only, and power reduction for total power consumption (including sensing, data transmission, data reception) are calculated separately. 
If power consumption for sensing is considered only, compared to full sensing, the other schemes can save more than 80% power consumption in all the evaluated scenarios. Random resource selection can save 100% sensing power since no sensing is performed. Scheme 1 can save more power compared to scheme 2 since scheme 2 has additional continuous sensing after slot n. 
If total power consumption is considered, compared to full sensing, the other schemes can save more than 70% power consumption in all the evaluated scenarios. Compared between Scenario 2 and Scenario 3, the data transmitted more frequently, the less power can be saved. 
Table 2: Scenario 1, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.9562
	0.9259

	Reduction ratio for total power consumption
	0.9594
	0.9216
	0.8877



Table 3 Scenario 2, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.9563
	0.9256

	Reduction ratio for total power consumption
	0.9445
	0.9091
	0.8733



Table 4: Scenario 3, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.8984
	0.8275

	Reduction ratio for total power consumption
	0.8901
	0.8117
	0.7375



Table 5: Scenario 4, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.9558
	0.9253

	Reduction ratio for total power consumption
	0.9595
	0.9213
	0.8871



Observation 3: For continuous partial sensing, UE monitors slots between [n+TA, n+TB]
· From power consumption perspective, TA = 0 has more advantage than TA > 0;
· From PRR performance perspective, TA > 0 has more advantage than TA = 0 in some cases.
Proposal 11: For continuous partial sensing, both TA = TB =0 and TB > TA > 0  are supported.
2.3. Potential issue for random resource selection
In RAN1#104-e meeting, random resource selection was supported for both periodic traffic and aperiodic traffic [2]:
Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

During RAN1#104-bis-e meeting, the next level details, potential performance issues and enhancements relating to random resource selection by UEs that do not perform sensing (i.e., Type-A and Type-B UEs without PSCCH reception capability) were discussed extensively in Topic #5 and #6 of [3]. In this section, we provide discussions and our views on some of the design aspects and issues relating to random resource selection.

1) Max and Min distance separation for a HARQ retransmission resource reserved by a prior SCI
In R16 NR sidelink, a maximum distance separation (W) of 32 logical slots (including the current one) was introduced for indication of 2 or 3 resources within a single/same SCI. This implies that a selected resource for retransmission shall be reservable by a prior SCI within 32 logical slots for chain reservation to improve performance, except in some specially circumstances due to transmission dropping caused by prioritization, pre-emption and congestion control. In R17, since it is already agreed that a sidelink resource pool can be (pre-)configured with mixed RA schemes (full sensing, partial sensing and random resource selection), the same principle of max distance separation of 32 logical slots should be also applied to a UE performing random resource selection, such that other UEs performing sensing are able to avoid selecting same resources and Tx collisions.
On the other hand, there was an enhancement proposal to this resource selection principle to reduce this max distance separation for power saving UEs in R17 (i.e., UE performing random resource selection or partial sensing), such that the total time duration required for (re)transmissions of a TB and the contiguous partial sensing for re-evaluation and pre-emption checking is shortened. Additionally, another technique discussed was to introduce a minimum time gap between two consecutive random selected resources to allow sufficient time for other UEs (i.e., sensing UEs) to process and react in order to avoid Tx collisions. To this end, it should be noted that any further restrictions to the existing max distance separation of 32 logical slots for reserving retransmission resources by a priori SCI will increase the difficulty in UE finding suitable resources for re-selection when it is required. The concern is especially prominent in a heavily loaded, excessive exclusion and/or high X% of remaining resources scenarios where the number of candidate resources reported to the higher layer is already limited. Furthermore, it is also unclear among of power saving gain can be obtained from reducing the max distance separation. In order to shorten the transmission latency and potentially improving the performance at the same time, the UE is freely to select resources that are early in time and minimize the time gap between them by implementation in R16. When the same implementation is adopted in R17 for power saving UEs, it already reduces the max separation distance as intended here without sacrificing the flexibility. 
As for the introduction of a minimum distance separation between two consecutive resources, similar to the above, this proposal consequently also limits the among the candidate resources that can be selected in the MAC layer. For a sensing UE to avoid a Tx collision with a random selected UE, as long as the SCI for reserving the next retransmission resource from the randomly selected UE is detected/decoded by the sensing UE during the resource monitoring process (i.e., before the resource (re)selection or re-evaluation/pre-emption trigger), the sensing UE can always re-select another resource to avoid Tx collision regardless of the time distance separation. Further processing time is already accounted for as part of the existing Tproc,0 and Tproc,1 definition.
Proposal 12: The same R16 maximum distance separation of 32 logical slots for reserving retransmission resources by a prior SCI shall be also applied to UEs performing random resource selection in R17. No reduction in this max distance separation or introduction of a min distance separation seems necessary in R17 for power saving UEs.

2) Minimum HARQ feedback time gap (Z) for random selected resources / Mixed blind and HARQ-feedback based retransmissions
In R16, a minimum HARQ feedback time gap (Z= a + b) was introduced for HARQ-feedback based retransmissions to account for the processing time required for Rx UE to decode a received PSCCH/PSSCH and transmit a HARQ-ACK response in PSFCH (time (a)), and the processing time required for Tx UE to detect the transmitted PSFCH and prepare the subsequent PSCCH/PSSCH for retransmission (time (b)), if required.
For a random resource selection of a Type-A UE (not receiving any SL signals/channels), naturally HARQ-feedback based retransmission scheme does not apply since it does not receive PSFCH. For a Type-B UE (capable of receiving PSFCH and SL-SSB only) and Type-D UE (capable of receiving all SL signals/channels), however, this minimum HARQ feedback time gap (Z) shall still be respected for any HARQ-feedback based retransmission, or at least between a PSSCH transmission with HARQ feedback enabled and the subsequent retransmission for the same reasons and purpose as in R16. However, it was argued that this prolonging of total time taken to retransmit a TB will incur additional partial sensing time required for Type-D UE (for re-evaluation and pre-emption checking) and therefore a mixed blind and HARQ-feedback based retransmissions should be considered. The principal idea behind this scheme seems straight forward by blind retransmitting the same TB a few times (within a short time duration) before using a HARQ-feedback based retransmission. This idea was discussed in R16 but was not accepted due to potential additionally redundant blind retransmissions and more half-duplex issues for the Tx UE. In R17, this idea is re-proposed for the purpose of power saving from reduced sensing. However, it should be noted that during the discussion of whether to introduce an additional UE type for receiving PSFCH (i.e., Type-B UE), the main argument was that if a UE can receive PSFCH it will help to reduce the total number of retransmissions required for a TB, and hence power saving in terms of using less transmission power to send a TB, since the required power for a UE to transmit is far greater than receiving. If this principle and argument is also followed here, then it does not seem reasonable to have “mixed blind and HARQ-feedback based retransmissions” if the (re)transmission of a TB can be completed earlier by receiving PSFCH, instead of performing blind retransmission a few times.
Furthermore, HARQ-feedback based retransmission of a SL TB in R16 is always associated with the logical channel from which the data is received in the MAC layer. That is, when a data is parsed down to the MAC layer in a logical channel that is associated with HARQ feedback, the MAC layer always selects resources that respect the minimum HARQ feedback time gap (Z) and L1 enables the HARQ feedback indicator in SCI during the encoding. Although it is not impossible to change this behavior or logical channel association in the MAC layer, but it is foreseen a significant specification impact that is more than just a simple resource (re)selection change.
Proposal 13: For a UE that is at least capable of receiving PSFCH (Type-B and Type-D), the minimum HARQ feedback time gap (Z) from R16 shall still be respected during the resource (re)selection process when the HARQ feedback indicator in SCI is enabled.

3) Re-evaluation and pre-emption checking for randomly selected resources (especially for low priority transmissions and UEs with SL reception/sensing capability)
[bookmark: _Hlk71172974]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 and causing interference to other high priority ones. This is further particularly important if low priority 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 still be performed even when random resource selection was used by the UE for the initial selection.
Proposal 14: For UEs with SL reception / sensing capability, re-evaluation and pre-emption checking shall still be performed even when random resource selection was used by the UE for the initial selection.

4) Random selection for low priority transmission in a resource pool with mixed RA schemes
Type-A, Type-B (without sensing capability) and Type-D (with sensing capability) UE can do random resource selection. In this section, the issues of random resource selection of Type-A and Type-B UE will be discussed.
There is no sensing capability for Type-A and Type-B UE. It was also agreed that a resource pool could be enabled with random resource selection only, full sensing only, partial sensing only or any combination thereof. Within a resource pool which enables both random resource selection and full/partial sensing, a UE without sensing capability will do random resource selection, and a UE with sensing capability can do resource selection based on sensing, and furthermore, the UE with sensing capability can do re-evaluation/pre-emption to avoid resource collision. For example, resource reselection will be triggered once the following conditions are fulfilled for pre-emption check:
· Full or partial overlapped resource
· The measured RSRP of the detected UE is higher than a RSRP threshold
· The priority of sensing UE is lower than the priority of detected UE.
For a UE without sensing capability, it cannot do re-evaluation and pre-emption. Once a resource is selected by random, it will expect other UE with sensing capability to do re-evaluation/pre-emption check to avoid the resource collision. If the priority of random resource selection UE is P_ran, the other UEs with sensing capability whose priority P_sen is lower than P_ran will do resource reselection once above conditions are fulfilled. While the UEs whose priority is higher than P_ran will not do resource reselection even if a collision is detected. Therefore, the resource collision between UE without sensing capability and the UE with sensing capability whose priority is higher than the priority of random selection UE cannot be avoided. That is not a reasonable mechanism.
Observation 4: if a resource pool enables random selection and partial/full sensing, the resource collision between the UE without sensing capability whose priority is P_ran, and the UE with sensing capability whose priority is higher than P_ran, cannot be avoided by re-evaluation/pre-emption check.
It is possible that UEs with random resource selection and UEs with sensing capability coexist in the same resource pool. It is better not to affect the behavior, including pre-emption checking, for the UEs with sensing capability. To address the above issue, the reasonable way is that the UEs with random resource selection either have same effect on the UEs with sensing capability of all priority level, or have no effect on the UEs with sensing capability. According to description in TS38.214, pre-emption will happen in the following two cases [2]:
-	sl-PreemptionEnable is provided and is equal to 'enabled' and 
-	sl-PreemptionEnable is provided and is not equal to 'enabled', and  and 
For the former case, the priority of random resource selection can be set to lowest priority, corresponding to . In this case, no matter which priority level the UE with sensing capability is, it cannot be pre-empted by UEs with random resource selection since the condition  cannot be fulfilled. Therefore, random resource selection has same effect on the UEs with sensing capability of all priority levels.
For the later case, the priority of random resource selection can be either set to be lower than , corresponding to ; or same as above case, i.e., the priority of random resource selection can be set to lowest priority, corresponding to . Both methods can disable random resource selection UE to pre-empt UE with sensing capability, while have no effect on legacy pre-emption behavior among UEs with sensing capability
Proposal 15: To avoid the UE with random resource selection colliding with the UE with sensing capability and with higher priority, the following methods can be applied:
· sl-PreemptionEnable is provided and is equal to 'enabled':
· set priority of UE with random resource selection to lowest priority;
· sl-PreemptionEnable is provided and is not equal to 'enabled':
· set priority of UE with random resource selection to lowest priority; or
· set priority of UE with random resource selection to be lower than 
2.4. Congestion control for power saving RA
In R16 NR SL, the CBR is defined as the measurement results of slots [n-a, n-1], where a is 100 or 100·2µ slots. While in R17 NR SL, considering the effect of SL DRX and/or partial sensing, not all of the slots within [n-a, n-1] are measurable. For example for partial sensing, there is no sensing results and measurement results for the slots which are not corresponding to the selected Y candidate slots for each configured periodicity to be monitored.
The number of measurable slots within [n-a, n-1] depends on the configuration of SL DRX and the number of Y selected slots per periodicity. If a fixed measurement window which as same as R16 is configured for CBR measurement, the number of slots which can be used for CBR measurement varies with time, which will affect the measurement accuracy. 
Observation 5: Considering the impact of SL DRX and partial sensing, the number of slots used for CBR measurement within [n-a, n-1] is variable, which will affect CBR measurement accuracy.
Alternatively, it is preferred to configure a number of slots N. UE should determine CBR based on the measurement results of N nearest measurable slots before slot n. In that case, the number of slots used to determine CBR is fix to N regardless of SL DRX and/or partial sensing configuration. 
For example, as shown in figure below, partial sensing is configured and Y=30, N=100. UE perform partial sensing in each configured period. The CBR measurement can be based on the measurement results of 100 slots (30 slot within each period corresponding to the 3 most recent periods and 10 slots within the 4th most recent period) before slot n. 
Proposal 16: CBR is calculated based on N measurable slots, where N is (pre)configured.



Figure 11 CBR measurement in partial sensing system.
3. Conclusion
In this contribution, we discuss the partial sensing mechanisms in NR SL. The following observations and proposals are given:
Proposal 1: For the selection of Y candidate slots,
· If SL DRX is not configured, the selection of Y slots within resource selection window is up to UE implementation, which is same as LTE-V2X mechanism. 
· If SL DRX is configured, the selection of Y slots within resource selection window should include the slots within RX UE’s DRX ON duration as much as possible.
Proposal 2: Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). The following alternative is applied:
· Alt.1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
Proposal 3: For the selection of k value in periodic-based partial sensing,
· Alt.1 (Only the most recent sensing occasion within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction) is supported.
Proposal 4: For periodic-based partial sensing, UE should perform periodic-based partial sensing until the first slot of Y candidate slots.
Observation 1: If sensing is performed within DRX active time only, that will affect sensing accuracy and re-evaluation/pre-emption are not applicable in some cases.
Observation 2: If sensing is performed within both DRX active time and DRX inactive time, more accurate sensing results can be obtained and re-evaluation/pre-emption are applicable.
Proposal 5: Performing periodic-based partial sensing within both DRX active time and DRX inactive time is supported.
Proposal 6: Contiguous partial sensing is applicable for both periodic traffic and aperiodic traffic.
· For periodic traffic, when to perform continuous partial sensing is determined by the first slot  within selected Y slots.
· For aperiodic traffic, continuous partial sensing is performed based on QoS requirement of the aperiodic traffic regardless of whether there are selected Y slots within resource selection window. 
Proposal 7: If continuous partial sensing is applied to aperiodic traffic,
· The value of TA can be TA > 0 or TA =0
· TB - TA ≤ 31
Proposal 8: If continuous partial sensing is applied to periodic traffic, 
· If the timing of slot n is predicable, the value of TA can be TA > 0, TA =0 or TA <0, otherwise, TA can be TA >0 or TA =0. 
· The value of TA and TB is determined by the first slot  within Y selected slots.
· If the timing of slot n is predicable: , 
· If the timing of slot n is not predicable: , 
Proposal 9: Performing continuous partial sensing within both DRX active time and DRX inactive time is supported.
Proposal 10: The selected resource based on contiguous partial sensing should include at least one slot within DRX ON duration of RX UE
Observation 3: For continuous partial sensing, UE monitors slots between [n+TA, n+TB]
· From power consumption perspective, TA = 0 has more advantage than TA > 0;
· From PRR performance perspective, TA > 0 has more advantage than TA = 0 in some cases.
Proposal 11: For continuous partial sensing, both TA = TB =0 and TB > TA > 0  are supported.
[bookmark: _GoBack]Proposal 12: The same R16 maximum distance separation of 32 logical slots for reserving retransmission resources by a prior SCI shall be also applied to UEs performing random resource selection in R17. No reduction in this max distance separation or introduction of a min distance separation seems necessary in R17 for power saving UEs.
Proposal 13: For a UE that is at least capable of receiving PSFCH (Type-B and Type-D), the minimum HARQ feedback time gap (Z) from R16 shall still be respected during the resource (re)selection process when the HARQ feedback indicator in SCI is enabled.
Proposal 14: For UEs with SL reception / sensing capability, re-evaluation and pre-emption checking shall still be performed even when random resource selection was used by the UE for the initial selection.
Observation 4: if a resource pool enables random selection and partial/full sensing, the resource collision between the UE without sensing capability whose priority is P_ran, and the UE with sensing capability whose priority is higher than P_ran, cannot be avoided by re-evaluation/pre-emption check.
Proposal 15: To avoid the UE with random resource selection colliding with the UE with sensing capability and with higher priority, the following methods can be applied:
· sl-PreemptionEnable is provided and is equal to 'enabled':
· set priority of UE with random resource selection to lowest priority;
· sl-PreemptionEnable is provided and is not equal to 'enabled':
· set priority of UE with random resource selection to lowest priority; or
· set priority of UE with random resource selection to be lower than 
Observation 5: Considering the impact of SL DRX and partial sensing, the number of slots used for CBR measurement within [n-a, n-1] is variable, which will affect CBR measurement accuracy.
Proposal 16: CBR is calculated based on N measurable slots, where N is (pre)configured.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reference
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[3] R1-2104093 “FL summary for AI 8.11.1.1 – resource allocation for power saving (final)”, Moderator (OPPO), RAN1 #104-bis-e


Appendix A
Detailed simulation settings for periodic-based partial sensing evaluation are listed here. The following tables show the simulation setting of different scenarios

Table 6: Simulation setting for period traffic with 25% VUE as interference
	Scenario
	Manhattan Urban P2V with the interference of VUE    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 (25% TXs as interference)

	Traffic Model
	For PUE: Traffic model for P-UE’s transmission specified in TS 36.885
− The message size is fixed at 300 bytes and transmission frequency is 1 Hz 
−‘100ms’ latency requirement
For VUE: Periodic Model 2 specified in TR37.885 with following modifications:
-Inter-packet arrival time: 50 ms
-Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-Latency requirement: 50 ms

	Cast Type
	Broadcast

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Antenna 
	TX port：1   RX port：2

	Retransmission 
	1

	Y
	80 slots

	k
	1



Appendix B

Detailed simulation settings for continuous partial sensing evaluation are listed here. The following tables show the simulation setting of different scenarios

Table 7: Simulation setting for aperiodic traffic scenario 1
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

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

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2




Table 8: Simulation setting for aperiodic traffic scenario 2
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

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

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2




Table 9: Simulation setting for aperiodic traffic scenario 3
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

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

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2



Table 10: Simulation setting for aperiodic traffic scenario 4
	Scenario
	Manhattan Urban P2V with the interference of VUE    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 (25% TXs as interference)

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

	Cast Type
	Broadcast

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Antenna 
	TX port：1   RX port：2

	Retransmission 
	1

	SL feedback
	Disabled
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