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1. Introduction
Based on the WID [1] on the NR Sidelink enhancement, the following has been approved.
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.


In this contribution, we provide our view on resource allocation to reduce the power consumption of the UEs, including the scenarios and potential power saving mechanisms, as well as some simulation results. 

1. Power consumption analysis
In this section, some simulation results to evaluate the UE power consumption of NR sidelink operation are provided. The proportions of different behaviors in total power consumption of the PUE (i.e., the average value of all the UEs) in system level simulations shown in Figure 1 to Figure 3. Specifically, the behavior of Sensing, GNSS reception, PSSCH transmission and reception, PSFCH transmission and reception, as well as SSB transmission and reception, are modeled. The results are provided for unicast, groupcast option 1 and 2 scenarios, according to the latest evaluation methodology, where a single synchronization cluster is assumed for all the UEs. The general simulation parameters in the simulation can be found in Annex A.
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	[bookmark: _Ref61856442]Figure 1 Power consumption in groupcast option1
	[bookmark: _Ref61705020]Figure 2 Power consumption in groupcast option 2
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	[bookmark: _Ref61704994]Figure 3 Power consumption in unicast


As shown in Figure 1 to Figure 3, the power consumption of Sensing accounts for the most significant part of total power consumption, especially in the unicast scenario. Besides, the PSFCH transmission and PSSCH reception also occupy significant parts of total power consumption in both groupcast option 1 and option 2 scenarios. The reason is that, compared to unicast scenario, UE has a higher opportunity to receive data in groupcast scenario, which results in a higher power consumption. Moreover, the higher data receiving probability leads to a larger number of ACK/NACK feedbacks, yielding huge power consumption for PSFCH transmissions. 
As shown in Figure 1 and Figure 2, the power consumption proportion of PSFCH transmission in groupcast option 2 scenario is larger than that in groupcast option 1 scenario. This is not surprising as no ACK is sent if the reception of TB is successful.
[bookmark: _Ref47709824]Observation 1: Sensing is the most significant part in power consumption in both groupcast and unicast scenario.  
[bookmark: _Ref47709828]Observation 2: The power consumption of PSSCH reception and PSFCH transmission occupy a large proportion in groupcast scenario.
[bookmark: _Ref61705525]Observation 3: The power consumption proportion of PSFCH transmission in groupcast option 2 scenario is larger than that in groupcast option 1 scenario.
[bookmark: _Ref47700000]Proposal 1: The mechanisms of power saving enhancement for mode-2 should focus on reducing power consumption of Sensing and PSFCH transmission.

The mechanism of partial sensing and random selection introduced in LTE may be the used for mitigating the Sensing power consumption, which are discussed in section 3 and 4. On the other hand, additional mechanisms for mitigating the power consumption of PSFCH transmission should be supported, which is discussed in section 6.

1. Partial sensing mechanism
In the previous meeting, the following agreement has been approved.
	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.
· [bookmark: OLE_LINK5]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
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


2.1. Enhancements on partial sensing mechanism
As discussed in the previous meeting, the issues of various resource reservation periods and aperiodic traffic burst have significant impacts on NR SL partial sensing, which are discussed and addressed in this section. 
· Various resource reservation periods 
In NR V2X, the resource reservation periods are more flexible than that in LTE (e.g., any value from 1:99 ms). Consequently, a single fixed step size (e.g., 100ms) defined in LTE may not cover all the periods configured in the resource pool, thus UE cannot identify resources reserved by other UEs, which may result in high resource collision possibility. One simple way to resolve this issue is to derive sensing window(s) according to all configured periods in the resource pool. Nevertheless, in this case, the power consumption of the UE may become problematic. Therefore, we propose that only a subset of values from the configured set sl-ResourceReservePeriodList is used. The value of periods can be simply (pre-)configured by network to tradeoff between the system performance and the UE power consumption. Alternatively, it may be determined by UE implementation. Nevertheless, in the case the selected number of periods should not be too small, otherwise the possibility of collision may increase in the resource pool. Therefore, to guarantee efficient sensing results to avoid potentially collision, the minimum number of Preserve values should be (pre-)configured. 
[bookmark: _Ref68611909]Proposal 2: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList. 
[bookmark: _Ref68611917]Proposal 3: The values of Preserve can be (pre-)configured by network, or determined by UE implementation, in which case the minimum number of Preserve values should be (pre-)configured. 
· The definition of k
The definition of k was discussed in the previous meeting and many options were proposed, e.g., the most recent or two most recent occasions, multiple values, or all possible sensing occasions, etc. It is desirable to limit the number of sensing occastion for power saving. On the other hand, if sensing are performed only at the most recent or two most recent occasions, it may lead to a problem of unnecessary resource reselection, especially when small value of Preserve is configured. 
One example is shown in Figure 4, the length of the selection window is 8ms, and the Preserve is equal to 5ms, which is a value of period configured in the resource pool. The TX UE-A trigger resource selection at n with k is set to 1, then resources t1 and t2 are selected and shown in blue in Figure 4. However, there is another UE-B has reserve periodic resources, i.e., t2-10, t2-5 and t2 shown in red in Figure 4. Noted that for the candidate resource at t2, UE-A is only required to perform sensing at t2-5, which is actually beyond the resource selection timepoint n and locates in the selection window. Thus it is not aware of the resource collision at t2 until t2-5. On the other hand, the UE-B may find the collision only at t1. Then either of them should perform resource re-evaluation/pre-emption to trigger resource re-selection to avoid resource collision, depending on the processing time restriction. 
If k is equal to 2, the corresponding sensing occasions include t2-10 as well. The UE-A performs sensing at t2-10 can exclude the candidate resource at t2-5 and t2 with Q = ceil(8ms/5ms) (i.e., Q = 2) as illustrated in Figure 5, which is benefical to avoid potential resource collision, as well as unnecessary resource re-evaluation/pre-emption, which is also favourable from UE power saving perspective. 
However, having an additional sensing occasion (i.e., k=1 and k=2) does not resolve this issue in all the cases. For example, if the configured Preserve is set to another value (e.g., 2ms) as shown in Figure 6, the k needs to set as 4 to guarantee the sensing occasion is before the trigger time of resource selection. 


[bookmark: _Ref68103944]Figure 4 sensing occasion with k =1


[bookmark: _Ref68103953]Figure 5 sensing occasion with k =2


[bookmark: _Ref68103957]Figure 6  sensing occasion with k =4
Therefore, we propose that k can be one or multiple values under different configurations. The configuration of k can be simply defined as a bitmap, i.e., similar as that in LTE. 
Furthermore, in order to reduce the overhead of the configuration of k and Preserve, for the periods which are larger than or equal to 100ms, the LTE solution can be reused, i.e., a value of Preserve can be simply set to 100, and k can be a bitmap with bit-width set to 10bits. For periods smaller than 100ms, the value of Preserve are set by the RRC. For each value of Preserve, a corresboding bitmap of k is defined. 
[bookmark: _Ref68611921]Proposal 4: k is a bitmap with (pre-)configuration.
[bookmark: _Ref68611925]Proposal 5: The length of bitmap(s) is associated with the corresponding value(s) of Preserve.

· The aperiodic traffic
In NR V2X, aperiodic resource reservation is introduced to support aperiodic traffic. It has been agreed that a continuous sensing window should be supported, while the position of the continuous sensisng window should be further determined. In our opinion, the start of the continuous sensing window should be max(n, n+T1-32), where n is the trigger time of resource selection, and n+T1 is the start of the selection window. In NR V2X, the max reserved interval is 32. It means that only SCI transmitted after n+T1-32 could reserve resources after n+T1 with the aperiodic reserve reservation. Thus, the sensing results obtained before n+T1-32 may be useless for resource exclusion. The end of the continuous sensing window can be n+T2-T3, where n+T2 is the end of the selection window and T3 is the processing time for transmitting SL packets as defined in Rel-16. 
[bookmark: _Hlk68270494]One example is illustrated in Figure 7: when resource selection is triggered at n for a power-limited UE, the UE sets a continuous partial sensing window and determine the end of the sensing window at n+T2-T3 where n+T2 is the end of the selection window of the UE for a TB. 
The preliminary simulation results for this approach can be found in section 3.2, which shows that such a simple approach can maintain the PRR performance while reducing the power consumption.

 
[bookmark: _Ref47647427]Figure 7 continuous partial sensing window
Therefore, we give the following proposal:
[bookmark: _Ref68611929][bookmark: _Ref47649234]Proposal 6: The start of the continuous sensing window should be max(n, n+T1-32), where n+T1 is the starting of the selection window.
[bookmark: _Ref68611933]Proposal 7: The end of the continous sensing window should be n+T2-T3, where n+T2 is the end of the selection window and T3 is the preparing time for SL transmission. 
2.2. [bookmark: _Ref54122102]Simulation results of partial sensing
In this section, simulation results of the enhanced partial sensing mechanism are provided, where the Rel-16 sensing mechanism is the baseline. In this simulation, an additional sensing window before resource selection window is added compared with period based partial sensing. Besides, the case of multiple values of Pstep (i.e., Preserve) for different periodic packets is also evaluated. The power consumption and average PRR are shown in Figure 8 to Figure 13. The general simulation parameters can be found in Annex B.
Additional sensing window before resource selection window
Simulation results for enhanced partial sensing, where an additional sensing window with length of 32 slots before the resource selection window is configured, are provided below, together with the period based partial sensing mechanism (as baseline).
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	[bookmark: _Ref54084319][bookmark: _Ref54268149]Figure 8 Average PRR with aperiodic traffic
	[bookmark: _Ref54126550][bookmark: _Ref54268163]Figure 9 Power consumption with aperiodic traffic
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	[bookmark: _Ref54367611]Figure 10 Average PRR with periodic traffic
	[bookmark: _Ref54367524][bookmark: _Ref54367519]Figure 11 Power consumption with periodic traffic


As shown in Figure 8, for aperiodic traffic, the average PRR of enhanced partial sensing mechanism is almost the same as that of Rel-16 sensing mechanism, while the power consumption level is much lower than that of Rel-16 sensing mechanism as shown in Figure 9. In Figure 10 and Figure 11, similar results are shown for periodic traffic. As shown in Figure 10, the average PRR of enhanced partial sensing is slightly worse than that of Rel-16 sensing mechanism as the distance increasing, but the power consumption is significantly reduced compared with that of Rel-16 sensing mechanism.
[bookmark: _Ref54339000]Observation 4: The average PRR of enhanced partial sensing mechanism for P2V is comparable as that of Rel-16 sensing mechanism.
[bookmark: _Ref54126596]Observation 5: The power consumption of enhanced partial sensing mechanism is much lower than that of Rel-16 sensing mechanism.
Multiple values of Pstep for partial sensing
In this simulation, two periods of traffic are configured – one period is 50ms and the other is 15ms, while the baseline scenario is configured with single Pstep of 50ms. The number of partial sensing window in the simulation is 6. Noted that two and four partial sensing windows are configured for Pstep of 50 and 15 respectively. 
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	[bookmark: _Ref62244852]Figure 12 Average PRR with periodic traffic
	[bookmark: _Ref62244858]Figure 13 Power consumption with periodic traffic


As show in Figure 12 and Figure 13, the power consumption is comparable under these two configurations, while the average PRR with multiple Pstep configuration is better than that of single Pstep when multiple periods packets were configured in the resource pool. 
[bookmark: _Ref62245037]Observation 6: The average PRR of multi-Pstep configuration is better than that of single Pstep configuration. 
1. Random selection
In the RAN1 103 e-meeting, the following has been approved.
	Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.
Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.


Random selection is performed without sensing, where all the resource in a resource selection window can be selected with equally possibility. If the random selection is operated simultaneously with partial sensing and/or full sensing mechanism in a resource pool, in order to avoid resource collision, it is desirable that the UE performs sensing in the resource pool can as much as possible avoid to use the resource reserved by the UEs performing random selection. A simple approach is to give higher priority to the resources which is randomly selected by the UEs, so that the UE performing sensing operates pre-emption check to re-select the resource occupied by UE with random selection. This mechansim can increase the resource utilization efficiency as well as the system performance. Therefore, we have the following proposal: 
[bookmark: _Ref54125073]Proposal 8: Higher priority is assigned to the resources reserved by a UE performaing random selectetion, to preserve these selected resources from being pre-empted by UEs performing sensing.
1. Applicaiton of partial sensing/random selection
	Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.


It has been agreed that UEs using different resource allocation methods (i.e., random selection, partial sensing, or full sensing) can coexist within the same resource pool. If it is up to UEs to select a resource allocation method, power-constrained UEs may keep using random selection to ensure energy saving, which may degrade the system performance due to increased probability of resource conflicts and/or resource reselection. To ensure system performance, it is necessary to impose some constraints on the UE’s selection of resource allocation method. On the other hand, UE should be allowed to switch the resource allocation method according to the specific situation to achieve a good balance between energy saving and performance.
For example, when the CBR is high, which means that there are few unused resources in the system and the blocking rate is high, the UE should perform partial sensing to avoid resource conflicts.
UE can also determine the resource allocation method according to the PDB. For example, if the service is urgent and PDB is small, UE can use random selection, while partial sensing should be used if the service is not urgent and PDB is large.
Another example is that the UE can decide the resource allocation method by considering the QoS requirements, selecting random selection for low-reliability services and partial detection for high-reliability services,
[bookmark: _Ref68611475][bookmark: _Ref68611951][bookmark: _Ref68612099]Proposal 9: Conditions on using random selection or partial sensing for resource selection should be specified, and may include the following: 
-	measurement results
-	QoS requirements, e.g., priority.
[bookmark: _Ref68611482]Proposal 10: UE is allowed to switch the resource allocation method from random selection to partial sensing, or versa vice, dynamically.
1. Power saving on PSFCH transmission
The simulation results in section 2 clearly show that the power consumption due to PSFCH transmission is significant, especially in groupcast option 2. It is necessary to reduce the PSFCH transmission power consumption. There are some potential approaches, i.e., by reducing the transmitting power of a PSFCH occasion, or by reducing the number of PSFCH transmission occasion.
In Rel-16, only DL pathloss based PSFCH power control is supported, which is different from that of PSSCH and PSCCH, and may lead to unnecessary power consumption. For instance, when two nearby UEs communicate with each other in SL, the SL pathloss may be much lower than the DL pathloss. In the case of out of coverage (OoC) situation, the UE always using the pre-configured  for PSFCH transmission, which is obviously unnecessary for this 1-bit ACK/NACK transmission but just waste of TX power. Therefore, it is desirable for a power-limited UE to adopt a suitable power level for PSFCH transmission, for example, according to the SL pathloss. Some evaluations comparing the SL pathloss based OLPC scheme and the Rel-16 scheme (i.e., without OLPC) are conducted, and the simulation results are shown in Figure 14 to Figure 17. The general simulation parameters can be found in Annex C.
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	[bookmark: _Ref68278387]Figure 14 Average PRR in groupcast option 1
	[bookmark: _Ref68278439]Figure 15 Power consumption in groupcast option 1
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	[bookmark: _Ref68278408]Figure 16 Average PRR in groupcast option 2
	[bookmark: _Ref68278478]Figure 17 Power consumption in groupcast option 2


As shown in Figure 14 and Figure 16, the PRR performance is almost the same between these two schemes in both groupcast option 1 and option 2 scenarios, while both the total power consumption and PSFCH TX power consumption have been significantly reduced as shown in Figure 15 and Figure 17. Especially in groupcast option 2, the total power consumption has been reduced by more than 30%, and the PSFCH TX power consumption has been reduced by about 75%. Therefore, open loop power control mechanism based on SL pathloss can be an efficient solution for reducing PSFCH power consumption.
[bookmark: _Ref68624333]Observation 7: SL pathloss based OLPC mechanism can reduce PSFCH power consumption efficiently.
[bookmark: _Ref68611487]Proposal 11: SL pathloss based OLPC for PSFCH transmission should be considered for sidelink power saving.
Another candidate solution is to reduce the frequence of PSFCH transsmion of the power-limted UE. The existing PSFCH period, i.e., 1, 2 or 4 slots, as well as the feedback timing, i.e., 2 or 3 slots after PSSCH reception, are not optimal from UE power saving perspective. For example, it may result in frequent TX/RX switching, yielding unnecessary power consumption. Secondly, for power saving purpose, it is desirable to transmit as much PSFCHs as possible in a single PSFCH occasion, instead of distributing PSFCHs in multiple occasions with short intervals. Instead, a longer PSFCH period should be considered for power-limited UE. An example is shown in Figure 18, where the PSFCH period is extended from 1 slot to 16 slots, the dotted and solid lines correspond to the feedback occasion before and after the PSFCH period is extended, respectively.

  
[bookmark: _Ref54288476]Figure 18 PSFCH with longer period
Based on the analysis above, evaluations for the longer PSFCH periods are conducted, and the simulation results of average PRR and power consumption are provided in Figure 19 to Figure 24. The general simulation parameters can be found in Annex D.
As shown in Figure 19 to Figure 22, it is noted that the PRR performance loss due to longer PSFCH periods are neglectable, especially in groupcast option 2. To be specific, the PRR gap between the minimum and the maximum PSFCH period (i.e., 1 slot and 16 slots) is smaller than 2% in groupcast option 1 and 1% in groupcast option 2. On the other hand, as PSFCH period becomes longer, the PSFCH transmission power consumption (i.e., the yellow legend) declines obviously as shown in Figure 23 and Figure 24, as well as the power consumption ratio of PSFCH transmission. Therefore, longer PSFCH period can also be considered for power saving.
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	[bookmark: _Ref68619912]Figure 19 Average PRR of different PSFCH period in groupcast option 1
	Figure 20 Average PRR of different PSFCH period in groupcast option 1
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	Figure 21 Average PRR of different PSFCH period in groupcast option 2
	[bookmark: _Ref68619030]Figure 22 Average PRR of different PSFCH period in groupcast option 2
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	[bookmark: _Ref68619570]Figure 23 Power consumption of different PSFCH period in groupcast option 1
	[bookmark: _Ref68619580]Figure 24 Power consumption of different PSFCH period in groupcast option 2


[bookmark: _Ref62317540]Observation 8: Longer PSFCH period can reduce the PSFCH transmission power consumption significantly, without notable PRR performance loss.
[bookmark: _Ref54117395]Proposal 12: Longer PSFCH period should be considered for sidelink power saving.

1. Impact of sidelink DRX
According to the WID [1] for R17 sidelink enhancement, DRX should be supported. During the discussion in RAN2#112-e, RAN2 made some progress on SL DRX design and found that there might be some impact to RAN1. A LS [5] has been sent to RAN1 after RAN2#112-e meeting. Thus, the impact of sidelink DRX on RAN1 features, e.g., resource selection procedure, sensing, etc., should be investigated. Therefore, we discuss the potential issues related to sidelink DRX. 
6.1. Impact of SL DRX on sensing/partial sensing
A UE may enable sensing/partial sensing and SL DRX simultaneously. However, the DRX active time is a semi-static period that is determined based on (pre-)configuration or inter-UE negotiation, which means it cannot dynamically change and may not always perfectly match with the sensing/partial sensing window.
Figure 25 shows an example of the mismatching issue. As illustrated in Figure 25, the sensing window is partially overlapped with the DRX active time and obviously, UE can perform sensing during the overlapped part. However, it’s not clear yet whether UE should perform sensing during the part of the sensing window out of the DRX active time (i.e., the shaded part). 


[bookmark: _Ref54012050][bookmark: _Ref54012046]Figure 25 Mismatch between DRX active time and sensing window of a UE
There are two possible behaviors:
Case 1: UE performs sensing during the part of sensing window within the DRX active time only.
Case 2: UE performs sensing during the sensing window regardless of whether its sensing window is fully overlapped/partially overlapped/non overlapped with its DRX active time.
In case 1, UE may turn off during the part of sensing window outside the DRX active time and does not perform the sensing process, which is beneficial to achieve higher power saving gain. However, due to the mismatching issue, there will be a decline of the SCI samples used for resource occupancy assessments when the DRX active time and sensing window are not fully overlapped, which may degrade the performance of resource selection.
In case 2, the length of sensing time will not be impacted since DRX mechanism and sensing procedure are independent, thus a better PPR performance may be expected than that of case 1, at the cost of higher power consumption. Especially when the UE enables both partial sensing and DRX, multiple short sensing windows with small gaps (i.e., Pstep), together with long DRX-on and DRX-off times, can lead to frequent wakeup instances that prevent the UE from transitioning to the micro-sleep state, resulting in high power consumption.
Evaluations for both case 1 and case 2 are conducted, and the simulation results of average PRR and power consumption are provided in Figure 26 to Figure 33. The general simulation parameters can be found in Annex E.
As shown in the figures on the left below, the average PRR performances of different cases are almost the same in different scenes (i.e., different traffic patterns and loads) except Figure 28. On the other hand, the power consumption level of case 1 is around 7%-11% lower than that of case 2, as shown in the figures on the right below. In general, both the total power consumption and the power consumption of sensing of case 1 have been significantly reduced on the basis of case 2, with an almost similar PRR performance. Therefore, performing sensing during the part of sensing window within the DRX active time only (i.e., case 1) seems to be feasible and better than case 2 from the perspective of power saving.
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	[bookmark: _Ref68597228]Figure 26 Average PRR in low load
	Figure 27 Power consumption in low load
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	[bookmark: _Ref68638516]Figure 28 Average PRR in medium load
	Figure 29 Power consumption in medium load
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	Figure 30 Average PRR in low load
	Figure 31 Power consumption in low load
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	Figure 32 Average PRR in medium load
	[bookmark: _Ref68597236]Figure 33 Power consumption in medium load


[bookmark: _Ref62318188]Observation 9: Performing sensing during the part of sensing window within the DRX active time only can reduce the power consumption significantly, without notable PRR performance loss, in case of PDB ≥ 100ms.
[bookmark: _Ref61902044]Proposal 13: UE is not required to perform sensing out of the DRX active time.
It is noted that there exists obvious PRR performance gap between case 1 and case 2 when the load is medium as presented in Figure 28, the reason is that, the sensing mechanism plays a more important role in the case with higer load. Therefore, further optimizations can be considered for case 1, without significant increase of power consumption. For example, UE can confine the sensing/partial sensing/contiguous sensing window within the DRX active time. Besides, to extend the DRX active time in some special conditions also works.
6.2. Impact of SL DRX on resource (re-)selection
Since the RX UE only decodes PSSCH in its active time (e.g., on duration), Tx UE needs to ensure the selected transmission resource is located within the DRX active time of Rx UE, otherwise RX UE will miss the transmission and resulted in undesirable retransmission and resource waste. However, the position of the selection window of Tx UE is heavily dependent on the packet arrivals, while the DRX active time of Rx UE is a semi-static period. Thus, the two intervals (i.e., the DRX active time and the selection window) may not always align with each other. 
As shown in Figure 34, if TX UE triggers resource selection at slot n, it determines a selection window within the period of [n+T1, n+T2], where only a part of the period of Tx UE is overlapped with the DRX active time of Rx UE. When Tx UE determines a selection window containing at least a part of the time resources not overlapped with Rx UE’s DRX active time, there is a possibility for the TX UE that it may select resources in the non-overlapped part (i.e., the shaded part) for transmission. Consequently, the Rx UE will probably miss the transmission as it may already turn off its reception outside the DRX on duration, thus leading to a packet loss and undesirable retransmission. 


[bookmark: _Ref62325694][bookmark: _Ref62325690]Figure 34 Mismatch between DRX active time of RX UE and the selection window of TX UE
[bookmark: _Ref61856659][bookmark: _Ref62235338]Therefore, some enhancements can be considered for Tx UE and/or Rx UE to alleviate the packet loss.
It is straightforward that Tx UE should determine the selection window according to the DRX active time of Rx UE, i.e., Tx UE confines all the candidate slots for resource (re-)selection (i.e., Y slots) or the whole selection window [n+T1, n+T2] within the DRX active time of Rx UE as much as possible. Nevertheless, in this case the size of the candidate resources set to be selected would be reduced accordingly, which may be problematic as the probability of conflicts may become higher.
Instead of such “full overlapping” approach, partial overlapping between the active time and resource selection window should still be allowed, but some enhancements on the resource selection procedure of TX UE can be considered. For example, as shown in Figure 35, Tx UE should choose resources (at least) used for initial transmission within the overlapped parts (i.e., the shaded part) between the DRX active time of Rx UE and the selection window/ candidate slots of Tx UE, so that the RX UE can at least receive the initial transmission.


[bookmark: _Ref68458521]Figure 35 Selecting initial transmission resource within DRX active time
Moreover, the Rx UE can further extend the DRX active time to improve the PRR performance. For example, Rx UE can extend the DRX active time when it fails to decode a received PSSCH, then TX UE can select a resource for retransmission in the extended DRX active time after being acknowledged that the initial transmission is failed by NACK or the absence of PSFCH reception, as shown in Figure 36. Besides, if the interval between the received packet and the end of the DRX active time is less than the pre-configured threshold, Rx UE can also extend the DRX active time in case there may exist subsequent transmissions.


[bookmark: _Ref68459097]Figure 36 One candidate method of DRX extension
[bookmark: _Ref68611499]An evaluation for the enhancements above is conducted, and the simulation result of average PRR is provided in Figure 37. The general simulation parameters can be found in Annex F. As shown in Figure 37, the enhancements can achieve approximately 20% PRR gain.
[image: ]
[bookmark: _Ref68636571]Figure 37 Average PRR with period traffic
[bookmark: _Ref68636699]Observation 10: Aligning the DRX active time of the RX UE and the resource selection window of the TX UE can achieve a significant PRR gain.
[bookmark: _Ref68636903][bookmark: _Ref68642989]Proposal 14: To alleviate the packet loss caused by the misalignment between the DRX active time of the Rx UE and the resource selection window of the Tx UE, the following aspects can be considered:
· Tx UE should select candidate resources within the DRX active time of Rx UE, at least for initial transmission. 
· Rx UE should extend the DRX active time in case subsequent transmission is expected.

1. CBR/CR Measurement
According to the discussion above, both partial sensing and DRX can result in discontinuous reception time for PSCCH/PSSCH, the interaction between discontinuous reception time and SL measurement should be clarified. From the perspective of pursuing the best power-saving performance, power-limited UEs are expected to perform SL measurements (e.g., CBR/CR/RSRP) only during its reception time. Similar to that in Uu, where the UE is not expected to be configured with RRM RS in off duration in most cases and only monitor RRM RS within its on duration, disabling SL measurement in non-reception time can help UE to turn off the RF chain in the non-reception time to get further energy savings.
[bookmark: _Ref61856661]Proposal 15: UE is not mandated to perform measurement for CBR/CR purposes on slots outside its active time.
However, the discontinuous reception time will lead to a reduction in measurement samples as well as a decrease in measurement accuracy, which can adversely affect the congestion control mechanism. As illustrated in the following figure, even if UE1 and UE2 have experienced similar RSSI on the same resource, due to the different number of measurement samples between UE1 and UE2, the difference in the derived CBR between UE1 and UE2 can be significant. 


Figure 38 Example of CBR with DRX
Regarding the calculation of CR, if the length of the past window is kept unchanged but the number of samples measured is reduced due to the non-reception time, the same problem as CBR will also arise.


Figure 39 Example of CR with DRX
It may be unfair for a power-limited UE with a discontinuous reception manner (e.g., DRX) to compete for resources with a UE without that manner by directly reusing the existing congestion control mechanism. Therefore, enhancement of the CBR/CR calculation should be investigated for power-limited UE. For example, the CBR/CR measurement window of a power-limited UE with DRX involves only the time resources within the on duration. Alternatively, the CBR thresholds/CR limitations of non-power saving UEs and power-saving UEs are different, or the measurement results of power-saving UEs need to be multiplied by a scaling factor and then compared with the results of non-power saving UEs.
[bookmark: _Ref54103611][bookmark: _Ref54103605]Observation 11: Reduction in measurement samples due to discontinuous reception durations can also impact the measurement accuracy and fairness of the existing congestion control mechanism.
[bookmark: _Ref61856663][bookmark: _Ref68611507]Proposal 16: Enhancements on the congestion control mechanism considering the discontinuous reception pattern (e.g., DRX on-off duration) of the power-limited UE should be investigated, such as the CBR/CR calculation, etc.

1. Conclusion
This contribution focus on power saving mechanism for NR sidelink with the following observations and proposals:
Observation 1: Sensing is the most significant part in power consumption in both groupcast and unicast scenario.
Observation 2: The power consumption of PSSCH reception and PSFCH transmission occupy a large proportion in groupcast scenario.
Observation 3: The power consumption proportion of PSFCH transmission in groupcast option 2 scenario is larger than that in groupcast option 1 scenario.
Observation 4: The average PRR of enhanced partial sensing mechanism for P2V is comparable as that of Rel-16 sensing mechanism.
Observation 5: The power consumption of enhanced partial sensing mechanism is much lower than that of Rel-16 sensing mechanism.
Observation 6: The average PRR of multi-Pstep configuration is better than that of single Pstep configuration.
Observation 7: SL pathloss based OLPC mechanism can reduce PSFCH power consumption efficiently.
Observation 8: Longer PSFCH period can reduce the PSFCH transmission power consumption significantly, without notable PRR performance loss.
Observation 9: Performing sensing during the part of sensing window within the DRX active time only can reduce the power consumption significantly, without notable PRR performance loss, in case of PDB ≥ 100ms.
Observation 10: Aligning the DRX active time of the RX UE and the resource selection window of the TX UE can achieve a significant PRR gain.
Observation 11: Reduction in measurement samples due to discontinuous reception durations can also impact the measurement accuracy and fairness of the existing congestion control mechanism.

Proposal 1: The mechanisms of power saving enhancement for mode-2 should focus on reducing power consumption of Sensing and PSFCH transmission.
Proposal 2: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList.
Proposal 3: The values of Preserve can be (pre-)configured by network, or determined by UE implementation, in which case the minimum number of Preserve values should be (pre-)configured.
Proposal 4: k is a bitmap with (pre-)configuration.
Proposal 5: The length of bitmap(s) is associated with the corresponding value(s) of Preserve.
Proposal 6: The start of the continuous sensing window should be max(n, n+T1-32), where n+T1 is the starting of the selection window.
Proposal 7: The end of the continous sensing window should be n+T2-T3, where n+T2 is the end of the selection window and T3 is the preparing time for SL transmission.
Proposal 8: Higher priority is assigned to the resources reserved by a UE performaing random selectetion, to preserve these selected resources from being pre-empted by UEs performing sensing.
Proposal 9: Conditions on using random selection or partial sensing for resource selection should be specified, and may include the following: 
-	measurement results
-	QoS requirements, e.g., priority.
Proposal 10: UE is allowed to switch the resource allocation method from random selection to partial sensing, or versa vice, dynamically.
Proposal 11: SL pathloss based OLPC for PSFCH transmission should be considered for sidelink power saving.
Proposal 12: Longer PSFCH period should be considered for sidelink power saving.
Proposal 13: UE is not required to perform sensing out of the DRX active time.
Proposal 14: To alleviate the packet loss caused by the misalignment between the DRX active time of the Rx UE and the resource selection window of the Tx UE, the following aspects can be considered:
· Tx UE should select candidate resources within the DRX active time of Rx UE, at least for initial transmission. 
· Rx UE should extend the DRX active time in case subsequent transmission is expected
Proposal 15: UE is not mandated to perform measurement for CBR/CR purposes on slots outside its active time.
Proposal 16: Enhancements on the congestion control mechanism considering the discontinuous reception pattern (e.g., DRX on-off duration) of the power-limited UE should be investigated, such as the CBR/CR calculation, etc.
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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option 1, Groupcast option 2 and Unicast

	Communication range of groupcast option 1
	150m

	PSFCH cycle
	1 slot

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle UE
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200byte

	Traffic parameter for pedestrian UE
	Traffic type: Aperiodic traffic
Packet arrival interval: 250ms + exp(250)ms
Packet latency requirement: 250ms
Packet size: 200-800byte

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Sensing scheme for PUE
	Full sensing

	Capacity of Receiving data
	Receiving data from both VUE and PUE


Annex B
Table 2 System level simulation assumption for power saving
	Parameter
	value

	Deployment
	Urban scenario

	Link type
	P2V

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Aperiodic and periodic traffic
Traffic load: Medium Intensity
For the scnario with additional sensing window
Packet arrival interval of aperiodic traffic: 30ms+an exponential random variable with the mean of 30ms
Packet latency requirement of aperiodic traffic: 30ms
Packet size of aperiodic traffic: 200-2000byte
Packet arrival interval of periodic traffic: 30ms
Packet latency requirement of periodic traffic: 30ms
Packet size of periodic traffic: 800 or 1200byte
For the scenario with multiple values of Pstep
Packet arrival interval of periodic traffic: 30ms, 15ms with 30ms and 15ms packet latency requirement respectively. 
Packet size of periodic traffic: 800 or 1200byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 1s
Packet latency requirement: 100ms
Packet size: 300byte

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Max transmission time
	Four time

	TX power
	23dBm

	Resource selection window length for pedestrian UE
	20 slot

	Length of the short term sensing window before the resource selection window for pedestrian UE
	32 slot
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Table 3 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option1 and option2

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200 byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 800 or 1200 byte

	DRX parameter for pedestrian UE
	DRX cycle: 50ms

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Max transmission time
	Four time

	Max TX power
	23dBm

	Pathloss selection for PSFCH power calculation
	The max SL PL is selected for calculation

	Sensing scheme for PUE
	Full sensing
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Table 4 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast option1 and option2

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200 byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 800 or 1200 byte

	DRX parameter for pedestrian UE
	DRX cycle: 50ms

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Max transmission time
	Four time

	Max TX power
	23dBm

	Pathloss selection for PSFCH power calculation
	The max SL PL is selected for calculation

	Sensing scheme for PUE
	Full sensing


Annex E
Table 5 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	Link type
	V2V, V2P and P2V

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Uniacst

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic and aperiodic traffic
Traffic load: Low and Medium Intensity
Packet arrival interval of periodic traffic: 100ms
Packet arrival interval of aperiodic traffic: 100ms + exp(100)ms
Packet latency requirement of periodic and aperiodic traffic: 100ms
Packet size of periodic traffic: 800 or 1200byte
Packet size of aperiodic traffic: 200 - 2000byte


	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 800 or 1200byte

	DRX parameter for pedestrian UE
	DRX cycle: 100ms

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Max transmission time
	Three time

	TX power
	23dBm

	Sensing scheme for PUE
	Partial sensing


Annex F
Table 6 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Uniacst

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms
Packet latency requirement of periodic traffic: 50ms
Packet size of periodic traffic: 800 or 1200byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 500ms
Packet latency requirement: 100ms
Packet size: 200-800byte

	DRX parameter for pedestrian UE
	DRX cycle: 50ms

	Power model
	Follow TR 38.840 with modifications discussed in [4]

	Max transmission time
	Four time

	TX power
	23dBm

	Sensing scheme for PUE
	Partial sensing
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