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1. Introduction
In RAN1#104-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. Potential issue for random resource selection
In RAN1#104-e meeting, random resource selection was supported for both periodic traffic and aperiodic traffic [1]:
Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

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. How to avoid the collision of random selected resource with the UE with higher priority only should be studied. 
Observation 1: 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 1: How to avoid the collision between a UE not performing any sensing and a UE performing sensing with higher priority should be studied.
2.2. Periodic based partial sensing for periodic traffic
For NR SL, both periodic and aperiodic traffic are supported. For periodic traffic, the following agreements were achieved in RAN1#104e [1]:
Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc,1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.

Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k equals tois selected according to (down select to one)
· Option 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
· Option 2: The two most recent sensing occasions 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
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections

The remaining open issues for periodic-based partial sensing will be discussed in this section.
1) Determination of selection window [n+T1, n+T2]
Compared to full sensing, the difference for partial sensing is part of slots Y within resource selection window will be selected for determination of candidate resource set based on corresponding partial sensing results within sensing window. In our view, R16 NR-V2X mechanism for determining selection window should be applied to periodic based partial sensing, no further enhancement/optimization needs to be considered, such as no necessary to limit the window size.
If SL DRX is configured for NR SL, the DRX parameters of RX UE should be known by TX UE. Full or partial of RX UE’s DRX on duration should be within the packet delay budget. Otherwise, if all of slots within PDB corresponds to inactive duration of RX UE, there is no chance for TX UE to do resource selection, and the DRX parameter should be re-configured. When TX UE determines the resource selection window, the resource selection window should include at least one slot within RX UE’s DRX on duration. 
Proposal 2:  If SL DRX is not configured, R16 NR-V2X mechanism for determining resource selection window should be applied to periodic based partial sensing, no further enhancement/optimization needs to be considered
Proposal 3: If SL DRX is configured, the resource selection window should include at least one slot within RX UE’s DRX on duration. 

2) 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, at least one of Y slots should be within RX UE’s active duration. Otherwise, the transmitted SL data from TX UE cannot be received by RX UE. 
Proposal 4: If SL DRX is not configured, the selection of Y slots within resource selection window is up to UE implementation. 
Proposal 5:  If SL DRX is configured, the selection of Y slots within resource selection window should include at least one slot within RX UE’s DRX on duration.

3) Determination of reservation period Preserve
Up to 4 options were listed in last meeting for determining Preserve. In our view, option 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. 
Furthermore, considering NR SL supports 1:99ms reservation periods, if option 3 is applied, the extreme case is the common division value is 1ms, and UE needs to monitor all slots within sensing window, which will degrade power saving benefit. 
Proposal 6: Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). The following option is applied:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList

4) Selection of k
For periodic-based partial sensing, UE needs to sense the following slots within sensing window:
[image: ]
How to select the value of k is FFS. Several options were proposed in last meeting. In our view, option 1 is preferred. In NR SL, the resource is reserved by the SCI transmitted in previous SCI only. 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 is preferred for periodic based partial sensing. If Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList, and for each Preserve, UE only does sense the Y slots within the latest period before slot n. 
Proposal 7: For periodic-based partial sensing, k=1 is supported.
One illustration is shown in Figure 1. Two reservation periods, P_rev1 and P_rev2 are configured for the resource pool. UE selects Y slots within resource selection window. For each slot y within Y slots, UE senses the slot  and . 


Figure 1 Illustration of periodic-based partial sensing
5) Evaluation for periodic-based partial sensing for periodic traffic
The performance of periodic-based partial sensing is shown in Figure 2 and Figure 3 corresponding to different interference level from V-UE (25% and 50% VUE as interference respectively, detailed simulation assumption is in Appendix A). Preserve is set to the configured periods of the resource pool, i.e., Preserve =50ms for VUE and Preserve =1000ms for PUE. k=1 and Y=80. It shows that there is less performance loss for periodic-based partial sensing compared to full sensing.
[image: ]
Figure 2 Performance of periodic-based partial sensing with 25% VUE as interferer.
[image: ]
Figure 3 Performance of periodic-based partial sensing with 50% VUE as interferer.
The power consumption of periodic based partial sensing is listed in the following tables. 
· “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 can save about 96% and more than 93% power compared to full sensing for sensing only and total power consumption respectively.

Table 1: Power consumption of random resource selection and periodic based partial sensing (with 25% VUE as interferer) compared with full sensing
	
	Random
	Periodic based Partial sensing

	Reduction ratio for sensing
	1
	0.961

	Reduction ratio for total power consumption
	0.9733
	0.9377



Table 2: Power consumption of random resource selection and periodic based partial sensing (with 50% VUE as interferer) compared with full sensing
	
	Random
	Periodic based Partial sensing

	Reduction ratio for sensing
	1
	0.9598

	Reduction ratio for total power consumption
	0.9726
	0.9359



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. This issue was discussed in last meeting and different companies have different views. While this issue needs to be addressed in RAN1 and further discussion is necessary.
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. 
To assist data reception, it is preferred that the DRX pattern of receiver UE is aligned with the data pattern of transmitter UE. As shown in Figure 4, the DRX pattern of RX UE is determined by the data pattern of TX UE, and vice versa. 


Figure 4 DRX pattern of RX UE is determined by data pattern of TX UE
Depends on whether sensing is limit within DRX on duration or not, there are the following two different methods.
· Sensing is limit within TX UE’s DRX on duration
If partial sensing is limit within TX UE’s DRX on duration, 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 5. 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 trigger 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 5 Sensing is limit within DRX on duration

· Sensing is not limit within DRX on duration
If sensing is not limit within DRX on duration, 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 6.


Figure 6 Sensing is not limit within DRX on duration

SL DRX is for data reception, which is determined by paring UE’s data pattern. While sensing is for data transmission, which is determined by data pattern of UE itself. The data pattern of the UE and its paring UE are independent. There is no necessary to limit the sensing behavior based on DRX configuration.
Observation 2: If sensing is limit within DRX on duration, that will affect sensing accuracy and re-evaluation/pre-emption are not applicable in some cases.
Proposal 8: Performing periodic-based partial sensing within both DRX on duration and off duration is supported.

7) Condition(s) and timing(s) to perform periodic-based partial sensing
One of the primary remaining open issues from the last meeting was related to finding appropriate condition(s) and defining suitable timing(s) for which the periodic-based partial sensing should be performed by a UE. Since the agreed periodic-based partial sensing mechanism is largely based on the partial sensing scheme specified in LTE-V, it is generally understood that the main intention of this scheme is to cover the case when a UE is transmitting periodic data traffic (that requires periodic reservation) in a resource pool that supports resource reservation for transmission of a different TB. And therefore, the UE should monitor in periodic sensing occasions that corresponds to the Y selected candidate slots, such that resources reserved periodically by other UEs that fall within the Y candidate slots can be picked-up and excluded by the UE. 
Then the next question is, should the periodic-based partial sensing be only performed for periodic transmissions (i.e., when a non-zero resource reservation interval, , is provided by the higher layer)? Or should it be also required when a UE only has aperiodic transmission in a resource pool that supports periodic reservation? Or a UE should always perform periodic-based partial sensing in a resource pool that supports periodic reservation even when the UE has no sidelink data to transmit, since the UE is expected to have already obtained pre-sensing results from monitoring periodic sensing occasions prior to the resource selection/reselection trigger in slot (n)? 
First of all, for aperiodic SL transmissions, since the TX UE does not any prior knowledge about the timing of packet arrival from upper layers and the remaining PDB information, the UE would not be able to select a set of Y candidate slots in advance and perform the periodic-based partial sensing to obtain per-sensing results. As such, the UE would only able to rely on sensing results from performing contiguous partial sensing to avoid TX collision with aperiodic reservations in a resource pool.
For periodic SL transmissions, in case of resource re-selection due to the “SL RESOURCE RESELECTION COUTNER” has reached zero (or close to the resource re-selection trigger timing), the TX UE would be able to perform the periodic-based partial sensing based on existing knowledge about the sidelink packet TB. Besides this case where the UE has prior knowledge about the resource re-selection, other cases when the UE does not have any prior knowledge about the triggering timing and related information (such as the initial resource selection for a periodic packet and resource re-selection due to re-evaluation/per-emption checking, re-configuration of the resource pool, merging with other packet data that changes the transmission periodicity and PDB), the UE would not be able to perform the periodic-based partial sensing. Or at least be able to obtain reasonable and useable pre-sensing results when the UE actually has data packet to transmit. For example, if UE assumes certain attributes about a future packet TB to have a transmission periodicity of 100ms and a latency requirement of 100ms as well, and it performs periodic-based partial sensing accordingly by randomly selecting a triggering slot time n and Y=30 candidate slots. The pre-sensing results it will have obtained from monitoring periodic sensing occasions would not fully aligned when the actual packet data has a transmission periodicity of 50ms and the latency requirement is 20ms. As such, all of these pre-sensing based on wrong assumptions will be wasteful, especially from the UE power consumption perspective. Furthermore, if the UE has no data to transmit for a long period of time (for example a public safety UE on a mission that does not need to send speeches / talk with others all the time), it will be certainly limit the useable operation time for the device on the field.
Therefore, based on the above discussions, it is clear that when the UE does not have any prior knowledge about the arrival time, transmission periodicity and the remaining PDB of a sidelink packet TB (regardless of periodic or aperiodic transmission), the UE will not be able to perform the periodic-based partial sensing to obtain reasonable pre-sensing results that are usable when the UE has an actual packet TB to transmit.
Observation 3: Without knowing the actual packet arrival time (or resource selection/reselection triggering slot n), transmission periodicity and the remaining PDB information, the UE physical layer cannot reasonably predict and select a set of Y candidate slots and determine the corresponding periodic sensing occasions for the periodic-based partial sensing.
Proposal 9: To follow a principle that a UE should only need to perform periodic-based partial sensing when it has sidelink data for transmission.
Then the next question is, how to obtain pre-sensing results before the resource selection/reselection trigger slot (n) when the new packet TB has only just arrived or a resource re-selection process needs to be triggered? For this, two main options can be considered:
· Option 1: The UE drops the SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
· Option 2: The UE performs random resource selection or contiguous partial sensing for SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
In our understanding, at the initial stage of sidelink periodic transmission, the UE upper layer or the MAC layer may require some “training period” to observe sidelink transmission pattern in terms of its transmission periodicity, since the application layer may not provide or even know how often the packet data needs to be transmitted. In this training period, often the packet gets dropped and as such the UE should be able to use this opportunity to perform periodic-based partial sensing until such a time (determined by higher layer) that the UE has obtained all required pre-sensing results from periodic sensing occasions and it is able to perform resource (re)selection for SL transmission. Alternatively, if this training period is not available, for example due to resource re-selection, Option 2 can be considered. The random resource selection or contiguous partial sensing (depending on the UE type A, B or D) can be performed by the UE in the same resource pool as the periodic-based partial sensing or a different resource pool (e.g., exceptional pool or a pool that supports random resource selection or does not support periodic reservation).
Proposal 10: The timing in which periodic-based partial sensing is performed by UE should be further studied. The following options can be considered:
· Option 1: The UE drops the SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
· Option 2: The UE performs random resource selection or contiguous partial sensing for SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
2.3. Contiguous partial sensing for aperiodic traffic
Contiguous partial sensing was discussed in RAN1#104-e meeting, and the following agreements were achieved [1]:
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 continuous partial sensing
Continuous 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 partial sensing in advance. Before the first slot y within Y slots, UE can additionally perform continuous partial sensing to determining whether there is potential collision with aperiodic traffic from other UEs, which is similar as re-evaluation and pre-emption check in R16 NR SL. If the slot n is predicable, UE can perform continuous partial sensing before slot n. Or else, UE can only perform continuous partial sensing after slot n. 
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 continuous partial sensing regardless of the selected Y slots. UE should perform the resource selection based on the QoS requirement of the aperiodic traffic, instead of the pre-selected Y slots. When to starting the continuous partial sensing is up to UE implementation, no necessary to specify that. While UE cannot perform continuous partial sensing before slot n since it cannot predict the timing of slot n for aperiodic traffic. 
Proposal 11: 
· Continuous 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 y within selected Y slots within resource selection window.
· For aperiodic traffic, when to perform continuous partial sensing is up to UE implementation, regardless of whether there are selected Y slots within resource selection window. 

2) The value of TA, TB
As discussed above, continuous 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. The resource selection window is [n+T1, n+T2], as shown in Figure 7. The purpose of continuous 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 7 shows 3 cases, correspond to TA >0, TA =0 and TA <0 respectively. 
· TA >0: UE does partial sensing after slot n. If the PDB of the data packet is large, UE perform partial sensing within [n+TA, n+TB], and do 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 check 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 continuous 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. For periodic traffic, if the timing of slot n (data packet arriving time or resource re-selection trigger time) can be predict, UE can perform sensing in advance. 
The value of TB determines the size of the continuous partial sensing window. The number of slots to be monitored after slot n can be left to UE implementation. No specification for TB is necessary.
Proposal 12: For aperiodic traffic with continuous partial sensing, 
· The value of TA can be TA > 0 or TA =0. 
· The value of TB is up to UE implementation. 



Figure 7 Continuous partial sensing for aperiodic traffic

Continuous partial sensing can also be applied for periodic traffic. In this case, periodic-based partial sensing and continuous 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 of other UEs. For periodic-based partial sensing, Y slots are selected within resource selection window. UE performs periodic-based partial sensing within sensing window. Additional, UE can perform continuous partial sensing before slot y, as shown in Figure 8. in this case, n+ TA should be equal to or larger than y-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. 
Proposal 13: For periodic traffic with continuous partial sensing, 
· The value of TA can be TA > 0, TA =0 or TA <0 if the timing of slot n is predicable, otherwise, TA can be TA >0 or TA =0. 
· The value of TA and TB is determined by the first slot y within Y selected slots. 


Figure 8 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 continuous partial sensing should include at least one slots within DRX on duration of RX UE. 
Proposal 14: Performing continuous partial sensing within both DRX on duration and off duration is supported.
Proposal 15: The selected resource based on continuous 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 9-12 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.
[image: ]
Figure 9 PRR performance of Scenario 1
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Figure 10 PRR performance of Scenario 2
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Figure 11 PRR performance of Scenario 3
[image: ]
Figure 12 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 3: 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 4: 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 5: 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 6: 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 4: 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 16: For continuous partial sensing, both TA = 0 and TA > 0 are supported.
3. Conclusion
In this contribution, we discuss the partial sensing mechanisms in NR SL. The following observations and proposals are given:
Observation 1: 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.
Observation 2: If sensing is limit within DRX on duration, that will affect sensing accuracy and re-evaluation/pre-emption are not applicable in some cases.
Observation 3: Without knowing the actual packet arrival time (or resource selection/reselection triggering slot n), transmission periodicity and the remaining PDB information, the UE physical layer cannot reasonably predict and select a set of Y candidate slots and determine the corresponding periodic sensing occasions for the periodic-based partial sensing.
Observation 4: 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 1: How to avoid the collision between a UE not performing any sensing and a UE performing sensing with higher priority should be studied.
Proposal 2:  If SL DRX is not configured, R16 NR-V2X mechanism for determining resource selection window should be applied to periodic based partial sensing, no further enhancement/optimization needs to be considered
Proposal 3: If SL DRX is configured, the resource selection window should include at least one slot within RX UE’s DRX on duration. 
Proposal 4: If SL DRX is not configured, the selection of Y slots within resource selection window is up to UE implementation. 
Proposal 5:  If SL DRX is configured, the selection of Y slots within resource selection window should include at least one slot within RX UE’s DRX on duration.
Proposal 6: Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). The following option is applied:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
Proposal 7: For periodic-based partial sensing, k=1 is supported.
Proposal 8: Performing periodic-based partial sensing within both DRX on duration and off duration is supported.
Proposal 9: To follow a principle that a UE should only need to perform periodic-based partial sensing when it has sidelink data for transmission.
Proposal 10: The timing in which periodic-based partial sensing is performed by UE should be further studied. The following options can be considered:
· Option 1: The UE drops the SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
· Option 2: The UE performs random resource selection or contiguous partial sensing for SL transmission initially, while performing periodic-based partial sensing until the UE obtains pre-sensing results from all required periodic sensing occasions for resource selection/re-selection.
Proposal 11: 
· Continuous 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 y within selected Y slots within resource selection window.
· For aperiodic traffic, when to perform continuous partial sensing is up to UE implementation, regardless of whether there are selected Y slots within resource selection window. 
Proposal 12: For aperiodic traffic with continuous partial sensing, 
· The value of TA can be TA > 0 or TA =0. 
· The value of TB is up to UE implementation. 
Proposal 13: For periodic traffic with continuous partial sensing, 
· The value of TA can be TA > 0, TA =0 or TA <0 if the timing of slot n is predicable, otherwise, TA can be TA >0 or TA =0. 
· The value of TA and TB is determined by the first slot y within Y selected slots. 
Proposal 14: Performing continuous partial sensing within both DRX on duration and off duration is supported.
Proposal 15: The selected resource based on continuous partial sensing should include at least one slot within DRX on duration of RX UE
Proposal 16: For continuous partial sensing, both TA = 0 and TA > 0 are supported.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reference
[1] Chairman’s notes, RAN1 #104-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 7: 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



Table 8: Simulation setting for period traffic with 50% 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 (50% 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 9: 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 10: 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 11: 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 12: 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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