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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. 
The following topics are discussed:
· Partial sensing mechanism
· Random selection
· Application of partial sensing/random selection
· Re-evaluation or pre-emption for partial sensing
· Impact of sidelink DRX
· CBR/CR Measurement

1. Partial sensing mechanism
In the previous meeting, it has been agreed that periodic based partial sensing and continuous based partial sensing should be supported. In this section, some details on the partial sensing mechanism are discussed and the associated simulation results are provided. 
1.1. Periodic based partial sensing
	Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
Agreement:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE


· The set of Preserve 
It has been agreed that a single set of Preserve values can be (pre-)configured which should be a subset of values from the configured set sl-ResourceReservePeriodList, and a UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset. For the value corresponding to the reservation period of the TX UE, given that the selection is up to each UE implementation, there is no evidence that the probability of other UE adopting the same period is high. Thus, when the TX UE performs sensing, it is not necessary to mandate the UE to monitor occasions corresponding to P_RSVP_Tx.
[bookmark: _Ref68611909]Proposal 1: It is not necessary to mandate the UE to monitor occasions corresponding to P_RSVP_Tx. 
· The definition of k
It has been agreed that the UE monitors the most recent sensing occasion for a given reservation periodicity, and additionally monitors periodic sensing occasions that correspond to a set of values that can be (pre-)configured with at least one value. It is desirable to limit the number of sensing occasions to restrict the power consumption, especially in worst case. Therefore, the maximum number of monitored occasions should be limited.
[bookmark: _Ref79155561]Proposal 2: The maximum number of monitored occasions for a UE performing periodic-based partial sensing should be limited, e.g., by (pre-)configuration. 
Besides, it is not clear whether the value k is configured per Preserve value or per periodicity. For the former one, k is applied only for the subset of monitored period values (i.e., Preserve) configured to the UE, while for the latter one, k should be applied also for the periodicities out of the subset of Preserve configured to the UE. Such monitoring occasion, i.e., not associated with Preserve, does not seem to be necessary or beneficial. Thus, it is reasonable that k is configured per Preserve.
Furthermore, to reduce the configuration overhead 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 is set by the RRC. For each value of Preserve, a corresponding bitmap of k is defined. 
[bookmark: _Ref68611921]Proposal 3: k is a bitmap with (pre-)configuration.
[bookmark: _Ref68611925]Proposal 4: The value(s) of k is associated with the corresponding value(s) of Preserve.

1.2. Continuous based partial sensing
· Issue1#PBPS+CPS in pools allowing PBPS
	[bookmark: _Hlk80955648]Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled


In the last meeting, partial sensing schemes in a resource pool with periodic reservation enabled for a periodic transmission were discussed:
· Option1. PBPS+CPS
· Option2. PBPS only
· Option3. CPS only
Considering that the reservation period list must include 0ms, which means the resource pool must allow aperiodic reservation, UE performing partial sensing should try to trigger CPS in order to avoid potential collision with other UEs' aperiodic reserved resources. Option2 may suffer a higher collision rate because it cannot detect aperiodic reservations from other UEs. Similarly, option3 has a risk of being collided with other UEs' periodic reserved resources. Moreover, since the arrival time of periodic services is predictable, the UE can determine the corresponding PBPS window and CPS window in advance and perform sensing even before slot n, so there will not be a situation like case of aperiodic transmission where PBPS or CPS cannot be successfully triggered due to unpredictability of timing of packet arrivals and insufficient processing time. Therefore, we think option1 is the most reasonable combination in this scenario.
[bookmark: _Ref83905270]Proposal 5: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX≠0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, only the case of UE performing PBPS+CPS is considered. 

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


For a resource (re)selection procedure of an aperiodic transmission in the resource pool with periodic reservation enabled, it is necessary to clarify whether new PBPS need to be triggered. Currently there are the following cases
· Case1. The PDB is small, and there is no PBPS window or there is only part of PBPS window that can be triggered between slot n and the end of PDB
· Case2. The PDB is large, and there are PBPS window(s) that can be triggered between slot n and the end of PDB
In case 2, it is feasible for UE to trigger PBPS. As for case 1, whether a new PBPS process is triggered is related to the definition of the triggered PBPS window, e.g., whether the existing sensing slots of other procedures can be included as part of the triggered PBPS window.
The PBPS process has two steps: step 1) finding a set of Y slots; step 2) deriving the corresponding PBPS window and sensing. In case1, the problematic part is that the UE cannot sense the PBPS slots before slot n of the resource (re)selection procedure. However, it is possible that the sensing (PBPS or CPS) performed for other procedures with predictable packet arrivals includes that part before slot n, and that it is feasible for the UE to use those existing sensing results. Therefore, if the existing slots can be considered when deriving the PBPS window to be triggered, it is still possible for the UE to trigger a new PBPS process for aperiodic transmissions. Conversely, UE cannot trigger PBPS in case1 if no existing sensing slots are fitting into the PBPS window. 
Whether to consider existing sensing slots can be up to UE implementation, and therefore, it can also be up to the UE to decide whether to trigger a new PBPS procedure for aperiodic transmissions.
[bookmark: _Ref83905274]Proposal 6: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX=0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, whether to trigger a new PBPS process is up to UE implementation. 
[bookmark: _Ref83905277]Proposal 7: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX=0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, if UE decides to trigger a new PBPS process, existing slots performed for other procedures can be included as a part of the corresponding PBPS window(s). 

· Issue#2 steps of CPS procedure
In the last meeting, RAN1 discussed how to determine the RSW and the initialization of SA for CPS process, with the following alternatives：


Figure 1 Example of Alt.1 and Alt.2
· Alt.1 Reuse the RSW defined by R16, i.e., T1 is defined according to the R16 spec and  
This approach is the most straightforward solution. Regarding the problem of how to generate SA under this approach, introducing Y'-slots set for the CPS process only case can be considered so that the UE has the opportunity to select a set of Y'-slots that include the end resources in the RSW. Similarly, the size of the set should not be too small otherwise there are no adequate sensing results. For example, a Ymin' limit for the CPS process can be introduced to ensure that there are enough resources, Ymin'=Ymin if PBPS is also performed for the same resource (re)selection procedure.
· Alt.2 The starting point of RSW n+T1 is determined based on the end of the CPS window n+TB and processing time
In this approach, at least the time required for processing should be guaranteed between CPS and the starting point of RSW, so that n+T1 can be later than n+. Then SA will be generated based on all the resources within the RSW.
Both approaches are workable. But given that the PBPS process already adopted Alt.1 and that it has been agreed that RSW in the case of CPS together with PBPS reuses the RSW definition in R16 specification and that CPS and SA initialization depend on the set of Y slots determined in the PBPS process, we prefer Alt.1 with which both PBPS+CPS and CPS cases can be handled in a common procedure, thus helping to simplify the spec.
Based on the above discussion, it can be concluded as follows: for a resource (re)selection procedure
· If PBPS is performed for the resource (re)selection procedure:
· UE determines RSW and a set of Y slots, Y>=Ymin
· UE performs sensing in the PBPS window corresponding to the Y slots
· SA is initialized based on the resources in the set of Y slots
· If CPS is performed for the resource (re)selection procedure:
· UE determines RSW and a set of Y' slots, and/or, Y'>=Ymin'
· If PBPS is also performed for the same procedure, Y'=Y, Ymin'=Ymin, the Y' slots are the same as the Y slots of the PBPS; otherwise, Ymin is (pre-)configured by higher layer
· UE performs sensing in the CPS window corresponding to the Y' slots
· SA is initialized based on the resources in the set of Y' slots
[bookmark: _Ref83905286]Proposal 8: For CPS performed for a resource (re)selection procedure in a mode 2 Tx pool with or without periodic reservation for another TB (sl-MultiReserveResource) enabled, T1 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4., UE determines a set of Y' candidate slots within the RSW, while the set of candidate resource (SA) is initialized considering candidate single-slot resources in the set of Y' slots, and the number of slots in the set of Y' candidate slots within the RSW determined by CPS process should be no smaller than Ymin'.
[bookmark: _Ref83905294]Proposal 9: For CPS performed for a resource (re)selection procedure in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, if PBPS is also performed for the same resource (re)selection procedure, set Ymin'=Ymin, and the set of Y' candidate slots within the RSW determined for the CPS is the same as the set of Y candidate slots for the PBPS.

· Issue3# handling limits of CPS process
In addition to Ymin', it was discussed whether it is necessary to introduce a minimum limit CPSmin for the CPS window. If the limit is introduced, 1) first, it should be applied to both CPS-only and PBPS+CPS cases, and the issues of how to determine the CPS window and how the CPS window satisfy CPSmin also need to be discussed. 2) Secondly, with CPSmin and Ymin', it is necessary to determine the order in which the two limits are checked, and the corresponding UE behavior when either one or both limits are not satisfied should be specified.
1) For the first aspect: The definition and determination of the CPS window
Similar to the case of the definition of PBPS window discussed in the issue2, there are two possibilities of defining CPS window for a resource (re)selection procedure of an aperiodic transmission
· Opt1-1. The CPS window only includes slots after slot n
Since slot n is unexpectable in this case, if UE triggers CPS, only slots after the timing of packet arrival (i.e., slot n) can be considered as a part of the CPS window. For some aperiodic packets with a small PDB, the interval between ty0 and n may be less than CPSmin+processing time, and no CPS window satisfying CPSmin can be found.
· Opt1-2. The CPS window can include slots before slot n, e.g., existing sensing slots of other procedure 
Although the interval between ty0 and n may be less than CPSmin+processing time, if there are existing sensing slots that have been performed by other procedures before slot n, the UE can consider these existing sensing slots as a part of the CPS window, and if the total number of available sensing slots is greater than CPSmin, UE can determine that a CPS window satisfying the CPSmin limit is found and thus CPS can be triggered. For example, in Figure 2, process2 triggered resource selection in slot n' and performed sensing before slot n, and then process1 triggered resource selection in slot n, the sensing results of process2 can be considered as part of the CPS window for process1. Conversely, if there are no such existing sensing slots that can be used, UE should conclude that no CPS window satisfying CPSmin can be found. Comparing these two options, we prefer opt1-2 as it is more flexible and reasonable.


[bookmark: _Ref83902777]Figure 2 Example of opt.1-2
[bookmark: _Ref83905300]Proposal 10: For CPS triggering, if CPSmin is introduced, it is up to UE to determine a CPS window with no less than CPSmin slots, and existing slots can be considered as a part of the CPS window.
2) For the second aspect: The steps of checking limits
UE first determines a Y'-slot set that satisfies Y'min and then determines a CPS window based on this set. Theoretically, the closer the CPS window is to this Y'-slot set, the more reliable the sensing results are. So it is reasonable that the distance between the CPS window and the first slot of the Y'-slot set (i.e., ty0) is exactly equal to the processing time.
If Ymin' is satisfied but CPSmin is not, there are two approaches:
· Opt2-1. the UE does not trigger CPS, but performs resource exclusion based on the existing sensing results corresponding to another resource (re)selection procedure, or performs random selection instead.
This approach is based on the idea that, for example, for aperiodic packets with small PBD, there may be only a few slots in the CPS window, and triggering CPS for this packet does not provide much gain in transmission reliability but leading to additional power consumption.
· Opt2-2. UE still triggers CPS, and performs resource exclusion based on the CPS window.
This approach assumes that the additional power consumption due to CPS may not be significant but still provides some helpful information for resource selection. From this point of view, we prefer opt2-2.
[bookmark: _Ref83905304]Proposal 11: If CPSmin is introduced, when CPS is not satisfied but Ymin' is satisfied, UE still triggers CPS, and performs resource exclusion based on the CPS window with less than CPSmin sensing slots.

	Agreement:
In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).


According to RAN1 105-e and 106-e meetings, the position of the continuous sensing window should be further determined. 
If the arrival of packet at slot n is predictable, the start time (i.e., n+ TA) of the continuous sensing window could be derived according to the pre-selected candidate resources, and can be earlier than slot n, i.e., the packet arriving time. In other words, TA can be set to a negative value. Noted that the maximum reserved interval is 32, which means that only SCI transmitted after ty0-32 could reserve resources after ty0 by aperiodic reservation, where ty0 is the start time of the candidate resource. Thus, the sensing results obtained before ty0-32 are useless for resource exclusion in continuous based partial sensing case. As a result, it can be observed that TA can be set to a negative value and should not be larger than ty0-n-32. For a packet arriving at slot n, the resource selection can be triggered before slot ty0, so that the sensing UE can use the sensing results as much as possible to perform resource selection, so as to reduce the possibility of resource re-selection before the slot ty0. The end of the continuous sensing window can be equal to ty0-Tproc,0- Tproc,1, where Tproc,0 and Tproc,1 are the processing time for transmitting SL packets as defined in Rel-16. In other words, TB = ty0-n-Tproc,0- Tproc,1.
[bookmark: _Hlk68270494]One example is illustrated in Figure 3: when resource selection is triggered at n for a power-limited UE, the UE sets a continuous partial sensing window and determines the end of the sensing window at slot ty0-n-Tproc,0- Tproc,1 where ty0 is the start of the selection window of the UE for a TB.

 
[bookmark: _Ref47647427]Figure 3 continuous partial sensing window
It is expected that the continuous sensing window defined in this way (i.e., by TA and TB discussed above) can provide a best tradeoff between the power consumption and the PRR performance. Some simulation results of this continuous partial sensing mechanism are provided, where the Rel-16 sensing mechanism is the baseline. The continuous partial sensing window with a length of 32 slots defined as in Figure 3 is added compared with periodic based partial sensing. The power consumption and average PRR are shown in Figure 4 to Figure 7. The general simulation parameters can be found in Annex A.
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	[bookmark: _Ref54084319][bookmark: _Ref54268149]Figure 4 Average PRR with aperiodic traffic
	[bookmark: _Ref54126550][bookmark: _Ref54268163]Figure 5 Power consumption with aperiodic traffic
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	[bookmark: _Ref54367611]Figure 6 Average PRR with periodic traffic
	[bookmark: _Ref54367524][bookmark: _Ref54367519]Figure 7 Power consumption with periodic traffic


As shown in Figure 4, 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 5. In Figure 6 and Figure 7, similar results are shown for periodic traffic. As shown in Figure 6, 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 1: The average PRR of enhanced partial sensing mechanism with continuous partial sensing window for P2V is comparable as that of Rel-16 sensing mechanism.
[bookmark: _Ref54126596]Observation 2: The power consumption of enhanced partial sensing mechanism with continuous partial sensing window is much lower than that of Rel-16 sensing mechanism.
Therefore, we give the following proposal:
[bookmark: _Ref68611929][bookmark: _Ref47649234][bookmark: _Ref68611933]Proposal 12: The value of TA can be set to a negative value and should not be larger than ty0-n-32, while the value of TB is defined as (ty0-n -Tproc,0- Tproc,1).     

1.3. Resource exclusion based on available sensing
For the resource exclusion procedure, some companies had raised the question of whether already existing sensing results, such as those triggered by one procedure, can be reused for resource exclusion for another procedure. We think that using existing sensing slots should be allowed and that it is up to the UE to decide which set of existing sensing slots to use. The only constraint that may be needed is that the reused existing sensing slots should not be out of date, i.e., for example, introduce a time window in which the existing sensing can be used for resource exclusion, and the starting point of this time window can be related to the Presrve, e.g., no earlier than min(ty0-maximum Preserve*k, ty0-31)
For a resource (re)selection procedure, there may be corresponding triggered PBPS, triggered CPS and existing sensing slots being used. But in the resource exclusion phase, for simplicity, there is no need to classify them. They can be uniformly defined as 'available sensing slots'. For each slot of these available sensing slots, UE should check if its periodic reservation and aperiodic reservation collide with the candidate slots, thus simplify the spec.
[bookmark: _Ref83905316]Proposal 13: For using existing sensing slots (e.g. performed by other procedures) for resource exclusion in a resource (re)selection procedure, it is up to UE to determine the set of existing sensing slots used for the resource exclusion, and the used existing sensing slots should be no earlier than min(ty0-maximum Preserve*k, ty0-31), where ty0 is the first candidate slot in the set of Y or Y' candidate set for PBPS or CPS.
[bookmark: _Ref83905321]Proposal 14: For resource exclusion in a resource (re)selection procedure, UE performs resource exclusion based on periodic reservation and aperiodic reservation of each slot in the available sensing slots, where the available sensing slots may consist of sensing slots performed for the resource (re)selection procedure, and/or existing sensing slots.
1. Random selection
In the previous meeting, the following agreement for random selection has been achieved.
	Agreement
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· [bookmark: _Hlk83755805]Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration


Random selection is performed without sensing, where all the resources in a resource selection window can be selected with equal possibility. If the random selection is operated simultaneously with partial and/or full sensing mechanism in a resource pool, to avoid resource collision, it is desirable that the UE performs sensing in the resource pool can as much as possible avoid using the resources reserved by the UEs performing random selection. 
In Option 1, random selection is only allowed to share the resource pool operating with full or partial sensing for packet with higher priority. It is not clear how to transmit the packet with a lower priority than the (pre-)configured threshold. For other UEs transmitting packets with lower priority, those UEs either has to drop these packets, which decreases the PRR performance in the resource pool, or, to perform sensing, which is not beneficial for power limited UE, or even not possible for Type A or Type B UE. Moreover, this option does not help to reduce the possibility of collision for the packet with random selection in the shared pool. Applying resource pool partitioning may help to resolve this issue. However, it may have backward compatible issue if the full sensing UE is only allowed to use part of the resources in the pool. Another approach is to have two separate resource pools (e.g., TDM pools) configured in the system, one for shared operation while the other one can be dedicated for the random selection packet. However, such a hard-split scheme would reduce the resource efficiency and affect the PRR performance of UE performing full or partial sensing (e.g., VUE). 
Option 2 increases the priority to protect the UE performing random selection from being pre-empted by the UE performing sensing. It is backward compatible with Rel-16 UE. For example, in case there are R16 UE sharing the resource pool resource with UE operates random selection, if the priority in SCI is increased, the R16 sensing UE can still recognize the priority, and may exclude the resource reserved by the UE performing random selection. Therefore, it can increase resource utilization efficiency as well as system performance. 
Option 7 is not backward compatible with Rel-16 UE. A new 1-bit field in the SCI was introduced, and the Rel-16 UE cannot understand the meaning of that field. Consequently, the collision probability between Rel-16 UE and UE performs random selection is not decreased in this scheme. 
The simulation results for option 1 and 2 are provided in Figure 8 ~ Figure 10. The general simulation parameters can be found in Annex B.
Baseline: All UEs sharing the same resource pool, where VUEs perform full sensing while PUEs perform random selection.
Opt 1-1: All UEs sharing the same resource pool and VUEs perform full sensing. The PUEs perform random selection for packets with priority lower than the threshold (e.g. 4), and drop the other packets that cannot be transmitted in that pool.
Opt 1-2: All UEs sharing the same resource pool and VUEs perform full sensing. The PUEs perform random selection for packets with priority lower than the threshold (e.g. 4), but perform full sensing for other packets.
Opt 1-3: Two resource pools are configured (i.e., resource pool partitioning is applied). The first pool is shared between VUE performing full sensing and PUE performing random selection for packets with priority lower than the threshold (e.g. 4). The second pool is dedicated for packet with random selection only.
Opt 2: All UEs sharing the same resource pool and VUEs perform full sensing. The priority is increased (e.g. 2) for the transmissions based on random selection.
	Simulation results of random selection:
[image: ]
[bookmark: _Ref71635311]Figure 8: Average PRR of VUE in unicast
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[bookmark: _Ref71635282]Figure 9: Average PRR of PUE in unicast
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[bookmark: _Ref83908156]Figure 10: Power consumption of different schemes


It is not surprising that the average PRR of PUE of Opt 1-1 is very bad, i.e., almost 50% lower than that of Baseline scheme, although it has the lowest power consumption level for PUE among all the schemes. In contrast, Opt 1-2 maintains the PRR performance for both PUE and VUE, however, causes very high power consumption, i.e., almost 200% higher power consumption than Baseline. On the other hand, Opt 1-3 does not degrade the performance of PRR or power consumption of PUE, at the cost of significant PRR performance degradation of VUE, i.e., around 7% loss comparing with that of Baseline. Overall, Opt 2 achieves the best trade-off, i.e., having about 2% PRR performance gain of PUE without notable loss of VUE PRR performance or power consumption. 
Therefore, we have the following proposal: 
[bookmark: _Ref71634886]Proposal 15: Option 2 should be supported for UE performing random selection, to preserve these selected resources from being pre-empted by UEs performing sensing.
1. Application 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. Once the load becomes lower, the UE can switch back to random selection to reduce power consumption.
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 sensing for high-reliability services.
[bookmark: _Ref68611475][bookmark: _Ref68611951][bookmark: _Ref68612099]Proposal 16: Based on the following conditions, UE is allowed to switch the resource allocation method from random selection to partial sensing or versa vice dynamically.
-	measurement results, e.g., CBR, CR
-	QoS requirements, e.g., priority, PDB.
1. Re-evaluation or pre-emption for partial sensing
In the previous meeting, the following agreements were achieved:
	Agreement
For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resources and/or a set of resources  for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 

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.


It has been discussed that re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes should be further studied. In our opinion, CPS should be operated at least for re-evaluation and pre-emption to avoid potential collisions in case of resources reserved by the other UEs with aperiodic traffic. For the initial resource reservation for periodic traffic or resource reserved for aperiodic traffic, if the gap between the timing of traffic arriving and the first reserved resource is large enough (i.e., PBPS can be enabled), the PBPS can be triggered to provide more sensing results to avoid a potential collision. 
For a periodic transmission, the selected resource may be periodically reserved based on the initial resource selection in the previous period. For those resources, the arriving timing for the TB can be predicted, and UE triggered resource selection to identify the resource selection window and/or candidate resource set. UE triggers PBPS and CPS based on the candidate resource set. Therefore, we have the following proposal: 
[bookmark: _Ref83905334]Proposal 17: The CPS and PBPS should be triggered together for resource re-evaluation and pre-emption to avoid a potential collision.
For re-evaluation and pre-emption, the sensing results of one SL process can provide additional sensing results for another SL process, which helps to avoid potential collision in the selection window and would not increase the power consumption of that UE. One example is illustrated in Figure 11. Therefore, it is beneficial that resource re-selection can be based on all the available sensing results regardless of the SL processes. 
[bookmark: _Ref83905337]Proposal 18: Resource re-selection for re-evaluation and/or pre-emption can base on all the available sensing results regardless of the SL processes. 


[bookmark: _Ref83724824]Figure 11 Sensing results for SL process 1
Another question is that whether UE performing random selection could operate re-evaluation and pre-emption checking. If the UE can perform sensing, it can perform re-evaluation and pre-emption checks. On the other hand, it is not clear whether re-evaluation and pre-emption can be triggered for random selection. It is argued that re-evaluation and pre-emption is power consuming and thus not desirable for power-limited UE performing random selection. However, in our opinion, random selection may be triggered in other cases. For example, if the UE, supporting PSCCH/PSSCH reception, performed random selection with periodically resource reservation in the previous period (e.g., due to insufficient remaining PDB), then, the UE is still allowed to perform re-evaluation and/or pre-emption checking in the next period.
[bookmark: _Ref83905347]Proposal 19: UE performing random selection is still allowed to trigger re-evaluation or pre-emption. 
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 [3] 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. 
5.1. Impact of SL DRX on sensing/partial sensing
	Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details


According to the agreement in LS [4] on SL DRX design, a UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time. However, given that a UE with DRX monitoring slots without restriction, simply following the resource allocation scheme, would eliminate any potential power saving gain from enabling SL DRX. Hence, some restrictions or conditions on UE’s sensing behavior in DRX inactive time are necessary. 
One approach (Scheme 1) is that a UE or a group of UE can only wake up at most a limited times (e.g., up to N) for all the SL processes during DRX inactive time over one DRX period. This approach makes sure that UE won’t wake up frequently, so that UE can still achieve power saving gain during DRX inactive time.
Another approach (Scheme 2) is to introduce a minimum ‘sleeping’ duration for a UE during inactive time, to guarantee that UE can go to light or deep sleep state between two sensing occasions. More specifically, if the UE performs sensing at occasion t, it can week up to perform sensing not earlier than t+n, where n is the minimum ‘sleeping’ duration. This approach is flexible comparing with the former one by setting appropriate minimum ‘sleeping’ duration under different power saving requirements, and can avoid frequent wakeup instances.
The third approach (scheme 3) is to restrict the sensing duration or the number of sensing occasions for each sensing process over a period. This approach is simpler than the former approaches since it just cuts down a part of sensing for each process, however, the power saving gain would be limited if the number of SL processes is large. 
We simulate these schemes and the simulation results of average PRR and power consumption are provided in Figure 12 ~ Figure 14. The general simulation parameters can be found in Annex C.
[bookmark: _Hlk83751056]As shown in the Figures, the average PRR performances of VUE of different schemes are almost the same, while the loss of PRR performance of PUE is no more than 3% comparing with that of Baseline. Meanwhile, the total power consumption level of three proposed schemes is around 11% ~ 15% lower than that of Baseline, and the sensing power consumption level achieves 33% ~ 47% power saving. In general, restricting the sensing behavior within the inactive time can reduce the power consumption of PUE significantly, without notable PRR performance loss for both PUE and VUE.
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	[bookmark: _Ref68597228]Figure 12 Comparison of Average PRR of VUE
	Figure 13 Comparison of Average PRR of PUE
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	[bookmark: _Ref68638516]Figure 14 Power consumption of different sensing schemes during inactive time


[bookmark: _Ref62318188]Observation 3: Restricting the sensing behavior within the inactive time can reduce the power consumption of PUE significantly, without notable PRR performance loss for both PUE and VUE.
[bookmark: _Ref61902044]Proposal 20: Introducing some restrictions or conditions on UE’s sensing behavior during the DRX inactive time is necessary.
5.2. Impact of SL DRX on resource (re)selection
[bookmark: _Ref61856659][bookmark: _Ref62235338]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. There are two potential ways to implement.
· Alt1. The physical layer decides the RSW/set of Y slots and reports a set of candidate resources to the higher layer, and then the higher layer selects resources that are located in the active time among the candidate resources.
This approach avoids the interaction of DRX information between layers, thus makes DRX transparent to the physical layer. Consequently, the physical layer cannot guarantee that the RSW/set of Y/reported candidate resource set and the DRX active time coincide, so obviously the disadvantage of this approach is that the upper layer is less likely to find resources located in DRX active time among the reported candidate resource set. Therefore, it will trigger the resource re-evaluation process more frequently, leading to greater power consumption.
Moreover, although the physical layer is triggered to re-evaluate the resources, it cannot know from the MAC layer why the re-evaluation is triggered and why the previous resources cannot be used, which means that the re-evaluation process also cannot be adjusted according to the DRX pattern, and there is still a high probability that the re-evaluated candidate resources are unsuitable. It may unfortunately cause an infinite loop between PHY and MAC layers.
· Alt2.MAC layer indicates DRX information to the physical layer, such as the starting point and duration of the active time, and then the physical layer tries to choose a RSW/set of Y slots that overlap with the active time as much as possible.
This approach allows the physical layer to determine a RSW/set of Y slots according to the DRX active time, and the reported candidate resources are within the active time, thus avoiding re-evaluation triggered by not finding a candidate resource during the active time. Alt2 seems to be a more straightforward solution than Alt1.
[bookmark: _Ref83905369]Proposal 21: For a TX UE with at least one RX UE using SL DRX, the MAC layer of the TX UE indicates DRX information to the physical layer, such as the starting point and duration of the active time, then the physical layer tries to determine a RSW/set of Y slots that overlap with the active time as much as possible.

1. CBR/CR Measurement
Although it has been agreed that UEs can perform sensing and RSRP measurements in DRX inactive time, from the perspective of pursuing the best power-saving performance, UE may perform SL measurements for CBR/CR during the active time only. Similar to Uu, where the UE is not expected to be configured with RRM RS in off duration in most cases but only monitors 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 22: UE is not mandated to perform measurement for CBR/CR purposes on slots outside the active time.

However, if UE does not perform measurement during the inactive time, the number of measurement samples, as well as measurement accuracy, will decrease, 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. 
It is unfair for a power-limited UE with a discontinuous measurement manner to compete for resources with a UE without that manner by directly reusing the existing congestion control mechanism. On the contrary, if no changes are made to the CBR calculation method, UE1 actually has to measure all the time in order to ensure fair competition and thus cannot save power. Therefore, enhancement of the CBR calculation should be investigated for power-limited UE.
[bookmark: _Ref83905242]Observation 4: Reduction in measurement samples due to discontinuous reception durations can affect the measurement accuracy and fairness of the existing congestion control mechanism.

There are some candidate approaches. For CBR measurement in slot n for a pool:
· Alt.1 CBR measurement window is defined as the number of active slots in the resource pool during [n-a, n-1]. 
In this alternative, regardless of whether the power saving UE performs reception during the non-active or not, CBR is defined as the portion of sub-channels whose SL RSSI measured by the UE exceeds a (pre-)configured threshold over a set of active slots. Furthermore, a scaling factor can be introduced to adjust the portion.
· Alt.2. Reuse the CBR measurement window definition in R16, introduce two factors that are used to adjust the results measured for the active time and inactive time respectively.
For example, α and β are introduced for active time and inactive time respectively, CBR=α* portion_active+β* portion_non-active.


Figure 15 Example of CBR with DRX
[bookmark: _Ref54103611][bookmark: _Ref54103605]For power-saving UE performing sensing in both active time and inactive time, portion_active and portion_non-active can be defined as the portion of sub-channels in the active time and inactive time whose SL RSSI exceeds a (pre-)configured threshold(s) over the CBR window. 
Alternatively, portion_active can be defined as the portion of sub-channels whose SL RSSI exceed a (pre-)configured threshold(s) over the set of active time slots overlapped with the CBR window, and portion_non-active can be defined as the portion of sub-channels whose SL RSSI exceed another (pre-)configured threshold(s) over the set of inactive time slots overlapped with the CBR window.
[bookmark: _Ref83905531]Proposal 23: The following enhancements on the CBR calculation can be considered. 
· Alt.1 CBR measurement window is defined only based on the number of active slots in the resource pool during [n-a, n-1]. 
· Alt.2 CBR measurement window is defined in the same way as R16, CBR measurement performed in the active time and inactive time are scaled by the corresponding factor(s) to derive the CBR measurement results.

Regarding the calculation of CR, if the RX UE of a TX UE has DRX, then the TX UE must ensure that the transmission to the RX UE is located within the active time of the DRX pattern. In this case, if R16 CR window is reused, part of the resources (i.e., the inactive slots) in the CR window can never be used by the TX UE, thus it is less likely to meet the CR limit than a TX UE without considering DRX.


Figure 16 Example of CR with DRX
For the past/future window of CR in slot n for a pool, alternatives similar to CBR can be considered:
[bookmark: _Ref83905883]Proposal 24: the following enhancements on the CR calculation can be considered.
· Alt.1 CR past/future window are defined as the number of active slots in the resource pool during [n-a, n-1] and [n-a, n+b]
· Alt.2 Reuse the CR window definition in R16, portions of used/granted subchannels in the active time and inactive time are scaled by the corresponding factor(s) to derive the CR measurement results.
1. Conclusion
This contribution focus on power saving mechanism for NR sidelink with the following observations and proposals:
Observation 1: The average PRR of enhanced partial sensing mechanism with continuous partial sensing window for P2V is comparable as that of Rel-16 sensing mechanism.
Observation 2: The power consumption of enhanced partial sensing mechanism with continuous partial sensing window is much lower than that of Rel-16 sensing mechanism.
Observation 3: Restricting the sensing behavior within the inactive time can reduce the power consumption of PUE significantly, without notable PRR performance loss for both PUE and VUE.
Observation 4: Reduction in measurement samples due to discontinuous reception durations can affect the measurement accuracy and fairness of the existing congestion control mechanism.

Proposal 1: It is not necessary to mandate the UE to monitor occasions corresponding to P_RSVP_Tx.
Proposal 2: The maximum number of monitored occasions for a UE performing periodic-based partial sensing should be limited, e.g., by (pre-)configuration.
Proposal 3: k is a bitmap with (pre-)configuration.
Proposal 4: The value(s) of k is associated with the corresponding value(s) of Preserve.
Proposal 5: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX≠0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, only the case of UE performing PBPS+CPS is considered.
Proposal 6: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX=0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, whether to trigger a new PBPS process is up to UE implementation.
Proposal 7: For a resource (re)selection procedure triggered by a periodic transmission (Prsvp_TX=0) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, if UE decides to trigger a new PBPS process, existing slots performed for other procedures can be included as a part of the corresponding PBPS window(s).
Proposal 8: For CPS performed for a resource (re)selection procedure in a mode 2 Tx pool with or without periodic reservation for another TB (sl-MultiReserveResource) enabled, T1 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4., UE determines a set of Y' candidate slots within the RSW, while the set of candidate resource (SA) is initialized considering candidate single-slot resources in the set of Y' slots, and the number of slots in the set of Y' candidate slots within the RSW determined by CPS process should be no smaller than Ymin'.
Proposal 9: For CPS performed for a resource (re)selection procedure in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, if PBPS is also performed for the same resource (re)selection procedure, set Ymin'=Ymin, and the set of Y' candidate slots within the RSW determined for the CPS is the same as the set of Y candidate slots for the PBPS.
Proposal 10: For CPS triggering, if CPSmin is introduced, it is up to UE to determine a CPS window with no less than CPSmin slots, and existing slots can be considered as a part of the CPS window.
Proposal 11: If CPSmin is introduced, when CPS is not satisfied but Ymin' is satisfied, UE still triggers CPS, and performs resource exclusion based on the CPS window with less than CPSmin sensing slots.
Proposal 12: The value of TA can be set to a negative value and should not be larger than ty0-n-32, while the value of TB is defined as (ty0-n -Tproc,0- Tproc,1).    
Proposal 13: For using existing sensing slots (e.g. performed by other procedures) for resource exclusion in a resource (re)selection procedure, it is up to UE to determine the set of existing sensing slots used for the resource exclusion, and the used existing sensing slots should be no earlier than min(ty0-maximum Preserve*k, ty0-31), where ty0 is the first candidate slot in the set of Y or Y' candidate set for PBPS or CPS.
Proposal 14: For resource exclusion in a resource (re)selection procedure, UE performs resource exclusion based on periodic reservation and aperiodic reservation of each slot in the available sensing slots, where the available sensing slots may consist of sensing slots performed for the resource (re)selection procedure, and/or existing sensing slots.
Proposal 15: Option 2 should be supported for UE performing random selection, to preserve these selected resources from being pre-empted by UEs performing sensing.
Proposal 16: Based on the following conditions, UE is allowed to switch the resource allocation method from random selection to partial sensing or versa vice dynamically.
-	measurement results, e.g., CBR, CR
-	QoS requirements, e.g., priority, PDB.
Proposal 17: The CPS and PBPS should be triggered together for resource re-evaluation and pre-emption to avoid a potential collision. 
Proposal 18: Resource re-selection for re-evaluation and/or pre-emption can base on all the available sensing results regardless of the SL processes.
Proposal 19: UE performing random selection is still allowed to trigger re-evaluation or pre-emption.
Proposal 20: Introducing some restrictions or conditions on UE’s sensing behavior during the DRX inactive time is necessary.
Proposal 21: For a TX UE with at least one RX UE using SL DRX, the MAC layer of the TX UE indicates DRX information to the physical layer, such as the starting point and duration of the active time, then the physical layer tries to determine a RSW/set of Y slots that overlap with the active time as much as possible
Proposal 22: UE is not mandated to perform measurement for CBR/CR purposes on slots outside the active time.
Proposal 23: The following enhancements on the CBR calculation can be considered. 
· Alt.1 CBR measurement window is defined only based on the number of active slots in the resource pool during [n-a, n-1]. 
· Alt.2 CBR measurement window is defined in the same way as R16, CBR measurement performed in the active time and inactive time are scaled by the corresponding factor(s) to derive the CBR measurement results
Proposal 24: the following enhancements on the CR calculation can be considered.
· Alt.1 CR past/future window are defined as the number of active slots in the resource pool during [n-a, n-1] and [n-a, n+b]
· Alt.2 Reuse the CR window definition in R16, portions of used/granted subchannels in the active time and inactive time are scaled by the corresponding factor(s) to derive the CR measurement results.
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Annex A
Table 1 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 [2]

	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


Annex B
Table 2 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Link type
	V2V and P2V

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle and pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 50ms
Packet latency requirement: 50ms
Packet size: 800 or 1200 byte

	RP configuration of Opt 1-3
	Two resource pool: One is configured for random selection only, where 5 subchannels are configured; the other one is configured for mixed types of RA, where 5 subchannels are configured. In each resource pool, one subchannel consists of 10 PRBs.

	Power model
	Follow TR 38.840 with modifications discussed in [2]

	Max transmission time
	Three times

	Max TX power
	23dBm

	Sensing scheme for PUE
	Random selection


Annex C
Table 3 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	Link type
	V2V, V2P and P2V

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Periodic traffic
Traffic load: Medium Intensity
Packet arrival interval of periodic traffic: [50ms, 80ms, 130ms, 200ms]
Packet latency requirement of periodic traffic: [50ms, 80ms, 130ms, 200ms]
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: 800 or 1200byte

	DRX parameter for pedestrian UE
	DRX cycle: 200ms

	Power model
	Follow TR 38.840 with modifications discussed in [2]

	Max transmission time
	Three times

	TX power
	23dBm

	Sensing scheme for PUE
	Partial sensing



Microsoft_Visio___.vsdx
n+TA  n+TB
C
P
S
Process
Processing time, 
E.g., Tpro1+Tpro0
Alt.2 Modified T1
Tproc,1

T1>Tproc,1
T2min<T2<RPDB
C
P
S
Process
Alt.1 Reuse R16 T1 and introduce the set of Y
Tproc,1
RSW
0<T1<Tproc,1
T2min<T2<RPDB
Y
C
P
S
Process
RSW
RSW



image2.emf
triggered 

Sensing

n

RSW

triggered 

Sensing

Process1

Process2

reuse

n'

RSW

CPS window


Microsoft_Visio___1.vsdx
triggered Sensing
n
RSW
triggered Sensing
Process1
Process2
reuse
n'
RSW

CPS window



image3.emf
n

t

Packet arriving

n+PDB

t

y0

t

y1

Resource selection window

Continuous sensing window

n+TA n+TB

D

A

T

A

D

A

T

A


Microsoft_Visio___2.vsdx
n
t
Packet arriving
n+PDB
ty0
ty1
Resource selection window
Continuous sensing window
n+TA
n+TB
DATA
DATA



image4.emf
0 50 100 150

Distance(m)

75

80

85

90

95

100

A

v

e

P

R

R

(

%

)

Average PRR with aperiod traffic

Mode 2 sensing

Enhanced partial sensing


image5.emf
Total power consumption of 

the median UE with aperiod traffic

0

1

2

3

4

5

T

o

t

a

l

 

p

o

w

e

r

10

6

Enhanced partial sensing

Mode 2 sensing


image6.emf
0 50 100  150

Distance(m)

75

80

85

90

95

100

A

v

e

P

R

R

(

%

)

Average PRR with period traffic

Enhanced partial sensing

Mode 2 sensing


image7.emf
 Total power consumption of 

the median UE with period traffic

0

1

2

3

4

5

T

o

t

a

l

 

p

o

w

e

r

10

6

Enhanced partial sensing

Mode 2 sensing


image8.emf
0 10 20 30 40 50 60 70 80 90100110120130140150

Distance(m)

40

50

60

70

80

90

100

A

v

e

P

R

R

(

%

)

Comparison of Average PRR of VUE

Baseline

Opt 1-1

Opt 1-2

Opt 1-3

Opt 2


image9.emf
0 10 20 30 40 50 60 70 80 90100110120130140150

Distance(m)

40

50

60

70

80

90

100

A

v

e

P

R

R

(

%

)

Comparison of Average PRR of PUE

Baseline

Opt 1-1

Opt 1-2

Opt 1-3

Opt 2


image10.emf
Comparison of the power consumption of PUE

Baseline Opt 1-1 Opt 1-2 Opt 1-3 Opt 2

0

0.2

0.4

0.6

0.8

1

GNSS

SSB RX

SSB TX

PSFCH TX

PSFCH RX

PSSCH RX

PSSCH TX

Sensing


image11.emf
CPS 2

SL process 1

SL process 2

PBPS 2

CPS 1

PBPS 1

t/(slot)

t/(slot)

Periodic reservation

PBPS window CPS window

Reserved resource

Selection window


Microsoft_Visio___3.vsdx
CPS 2
SL process 1
SL process 2
PBPS 2
CPS 1
PBPS 1
t/(slot)
t/(slot)
Periodic reservation
PBPS window
CPS window
Reserved resource
Selection window



image12.emf
0 10 20 30 40 50 60 70 80 90100110120130140150

Distance(m)

50

55

60

65

70

75

80

85

90

95

100

A

v

e

P

R

R

(

%

)

Comparison of Average PRR of VUE

Baseline

Scheme 1

Scheme 2

Scheme 3


image13.emf
0 10 20 30 40 50 60 70 80 90100110120130140150

Distance(m)

40

50

60

70

80

90

100

A

v

e

P

R

R

(

%

)

Comparison of Average PRR of PUE

Baseline

Scheme 1

Scheme 2

Scheme 3


image14.emf
Comparison of the power consumption of PUE

BaselineScheme 1Scheme 2Scheme 3

0

0.2

0.4

0.6

0.8

1

SSB RX

SSB TX

PSFCH TX

PSFCH RX

PSSCH RX

PSSCH TX

Sleepstate

Sensing


image15.emf
slot n slot n-1

slot n-a

ĂĂ

CBR measurement 

window

Active time

UE1 performs measurement

inactive time

UE1 stops measurement

UE1 with 

discontinuous 

reception

slot n slot n-1

slot n-a

ĂĂ

CBR measurement 

window

UE2 without

discontinuous 

reception

Ĝ

x

Ĝ

Ĝ


Microsoft_Visio___4.vsdx
slot n
slot n-1
slot n-a
……
CBR measurement window
Active time
UE1 performs measurement
inactive time
UE1 stops measurement
UE1 with discontinuous reception
slot n
slot n-1
slot n-a
……
CBR measurement window
UE2 without
discontinuous reception
√
x
√
√



image16.emf
Active time

UE1 performs 

transmission

Inactive time

UE1 avoids transmission

slot n slot n-1

slot n-a

ĂĂ ĂĂ

slot n+b

Past window Future window

Active time

UE1 performs 

transmission

UE1 

slot n slot n-1

slot n-a

ĂĂ ĂĂ

slot n+b

UE2

x

Ĝ Ĝ

Ĝ

DRX of  receiving 

UE of UE1

x

Ĝ

Ĝ

Ĝ


Microsoft_Visio___5.vsdx
Active time
UE1 performs transmission
Inactive time
UE1 avoids transmission
slot n
slot n-1
slot n-a
……
……
slot n+b
Past window
Future window
Active time
UE1 performs transmission
UE1
slot n
slot n-1
slot n-a
……
……
slot n+b
UE2
x
√
√
√
DRX of  receiving UE of UE1
x
√
√
√



image1.emf
n+TA  n+TB

C

P

S

Process

Processing time, 

E.g., Tpro1+Tpro0

Alt.2 Modified T1

Tproc,1

T1>Tproc,1

T2min<T2<RPDB

C

P

S

Process

Alt.1 Reuse R16 T1 and introduce the set of Y

Tproc,1

RSW

0<T1<Tproc,1 T2min<T2<RPDB

Y

C

P

S

Process

RSW

RSW


