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1 Introduction
In RAN1#106bis-e [1], the following agreements are made on sidelink resource allocation for power saving:
	Agreement
In the agreement from RAN1#105-e, the working assumption is confirmed and the FFS bullet (in RED) is closed without any agreement.

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 ([image: image2.png]Prop x # 0



) in slot n, TA and TB for the CPS monitoring window is defined according to one of the followings:
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 are in units of physical time/slots.
· By default, M is 31 unless (pre-)configured with another value.
Agreement
For the periodic sensing occasion(s) (PSO(s)) that a UE needs to additionally monitored in PBPS, it shall be (pre-)configured jointly for all Preserve values.

· The UE is not required to monitor PSOs earlier than n–T0 if the UE is triggered to do resource (re)selection in slot n, where T0 is (pre-)configured 
Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)

· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.

· FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission

· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)

· FFS whether/how to prioritize/select resources based on partial sensing results.

· FFS: How to select Y’ in case of CPS only

· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots. 

· For the CPS monitoring window [n+TA, n+TB]:

· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.

· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority

· FFS the range of (pre-)configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed

· FFS: RSW in case of CPS only

· Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)

· Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.

· Tproc,0, Tproc,1 are in units of physical time/slots

· FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).

· For the CPS monitoring window [n+TA, n+TB]:

· TA = X
· FFS value X for TA including X=1 and negative value
· TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).

· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority

· FFS the range of (pre-) configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed

· Approach 3: (independent approach for different case)

· When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.

· When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.

Working Assumption
In a resource pool (pre-)configured to enable partial sensing, when UE is configured with partial sensing by its higher layer, the resources for which the UE performs re-evaluation and/or pre-emption checking are for the initial transmission and retransmissions of every TB according to Rel-16 specification based on partial sensing results.
· Same as in Rel-16, for periodic transmission, re-evaluation check is not applied to the resources that have been signalled in current period or previous periods, except that it is up to UE implementation whether to apply re-evaluation check to the resources in non-initial reservation period that have been signalled neither in the immediate last nor in the current period.
· The resource in the main bullet is the set of resources (r0,r1,r2,…) and/or the set of resources (r0',r1',r2',…)  for re-evaluation and/or pre-emption checking, respectively, which has been agreed in RAN1 #106-e.

Working Assumption
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE

· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE

· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE


In this contribution, we provide our further considerations on potential resource allocation enhancement for power saving. 
2 Random resource selection
In RAN1#103e meeting, it has been agreed that random resource selection is supported. In RAN1#104-e meeting, the following agreement was made:

Agreements:

· Random resource selection is applicable to both periodic and aperiodic transmissions

· FFS conditions for random resource selection
However, the conditions for applying random resource selection is still for further study. In addition, multiple enhancements to mitigate interference on high priority sensing based sidelink transmissions have been proposed, and should be down-selected to one in RAN1#106bis-e meeting. 
2.1 Conditions for a UE to select random resource selection

At least when the following conditions are satisfied, a UE can perform random resource selection in a Mode 2 resource pool which is (pre)configured to allow random resource selection:
· When the UE does not have sensing capability, i.e. PSCCH/PSSCH reception capability, or
· When the UE have sensing capability but the resource pool is configured to allow only random resource selection.
However, if UE has sensing capability and the resource pool is (pre)configured with multiple resource allocation schemes including random resource selection, when UE can choose to performing random selection is still not clear. If it is all left to UE implementation, most UEs would prefer to random resource (re)selection to save power consumption, which would in turn severely degrade the system performance. It is well-know that random selection can only perform well when the traffic load is low. Therefore, some restrictions on UEs which can perform random selection would be necessary. 

A simple solution to restrict the abuse of random selection is to set upper bound on the frequency or resource usage of performing random resource selection. Note that in Rel-16 NR V2x it is already supported to set CR limitation for congestion control purpose. It would have little specification impact to set a CR limit specifically for random selection. The sidelink resource usage selected by random resource (re-)selection should be below this specific CR limit. Similar as in Rel-16 NR V2x, this CR limit can be CBR dependent and/or priority dependent.
Therefore, we propose:
Proposal 1: A CR limit can be (pre)configured for resource usage of random resource selection for a UE, below which the UE can perform random resource selection,
· The CR limitation can be CBR dependent as in Rel-16. 
2.2 Potential enhancement in Mode 2 resource pool of mixed resource allocation scheme
A UE performing random selection cannot sense SCIs of high priority data transmission which may preempt other low priority sidelink transmission. If a low priority sidelink transmission is from a UE performing random resource selection, the UE will not know whether the transmission has been preempted by other high-priority transmission or not. Four different options have been proposed:
Agreement
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration
Option 7 may have impact on the design of 1st stage SCI, which may not be applicable to existing Rel-16 UEs. In addition, both option 2 and option 7 try to avoid potential interference by enhancing the priority of random resource selection, even when the priority of sensing based resource selection is actually higher. This may still reduce the performance of high priority sidelink transmission using sensing based resource selection. 
Therefore, comparing with option 2 and 7, option 1 is more preferred. In addition, as the negative impact of random resource selection is highly related to the congestion status of the resource pool, the priority threshold value or the range of priority levels can be CBR dependent. On the other hand, considering the stringent Rel-17 timeline, we can also accept Option 12 with no special consideration on this case.
Proposal 2: RAN1 down-selects one of the following options:

· 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
· The threshold value or the range can be CBR dependent.
· No special consideration
3 Partial sensing based resource allocation
Partial sensing based resource allocation has been discussed in different cases, depending on whether UE is performing PBPS and/or CPS, and whether resource (re)selection is triggered by periodic data traffic (i.e. Prsvp_Tx ≠0) or aperiodic traffic. In RAN1#106-bis, the agreement has been made on how partial sensing is performed when resource (re)selection is triggered by periodic traffic in a Mode 2 resource pool where periodic resource reservation is enabled. However, there are still different alternatives on how partial sensing based resource (re)selection is performed when resource (re)selection is triggered by aperiodic traffic, when at least CPS is performed.
3.1 When resource (re)selection triggered by aperiodic traffic
For resource (re)selection triggered by aperiodic traffic, there can be two different cases:

Case 1) the resource (re)selection is performed in a mode 2 pool with periodic reservation enabled, and the UE performs both PBPS and CPS in the pool;

Case 2) the resource (re)selection is performed in a mode 2 pool with periodic reservation disabled, and the UE performs only CPS in the pool.  
The difference between case 1 and case 2 is that PBPS results may be available for resource (re)selection in case 1. There are different understandings among companies on whether a minimum set of PBPS results are always available in case 1. It was proposed by some companies that there should be a minimum number of slots with PBPS results in the resource selection window (RSW), and thus the initial candidate resource set SA can be initialized based on this set of slots with PBPS results. The CPS window can be in turn determined based on the set SA.

However, even if PBPS is performed in a resource pool with periodic resource reservation enabled, as the resource (re)selection can be triggered by aperiodic traffic at any given time, it is not always possible to guarantee a minimum number of slots with PBPS results in the RSW. If the number of slots in the RSW with PBPS is too small, the candidate resource set would be very limited, and UE may have to select resource with high interference level. 
Therefore, a more straightforward way to build the candidate resource set is to build SA based on all candidate single slot resources and guarantee a minimum number of slots for CPS. All the sensing results including PBPS sensing results would be used in the following resource exclusion procedures. And we are open to discuss whether/how candidate resources with both PBPS and CPS results are further prioritized during/after the exclusion procedures. 
Proposal 3: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized in approach 2
- SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CP

On how the detailed values of TA, TB are taken for CPS
In the following context, we assume the minimum number of slots for CPS M is equal to 31.
Following the principle of partial sensing, assuming the set of candidate resources reported to MAC layer is determined in slot m, the resource selection window (RSW) should be [m+Tproc1, n+T2]. To sense all the aperiodic reservations which may reserve resource within the RSW, the start of CPS sensing window should be no later than m +Tproc1 – 31. An illustration example is shown in Figure 1. To avoid potential collision among nearby UEs due to the similar sensing results, a minimum RSW window size for CPS can be (pre)configured to provide sufficient candidate resources for (re)selection, which is denoted as MIN_RSW. 


[image: image15]
Figure 1. An example of CPS sensing window and resource selection window when CPS only
Therefore, from Figure 1, we have: 
m ≤ n+T2- MIN_RSW – Tproc1;

TA ≤ m +Tproc1 – 31 ≤ n+T2- MIN_RSW – 31; and,
TB = m – Tproc0 = n+T2- MIN_RSW – Tproc1 – Tproc0.
Given that the value of T2 is determined as in Rel-16 NR V2x, the value of TA and TB for CPS sensing can be determined as following:
1) If T2- MIN_RSW – 31≥ 0, 

· TA is determined by UE implementation within [0, T2- MIN_RSW – 31];

· TB is determined based on TA as TB = TA + 31 – Tproc0 – Tproc1;
2) else if T2- MIN_RSW – 31<0, and T2- MIN_RSW – Tproc1 – Tproc0 > 0，

· TA is determined by UE implementation with TA ≤0;

· TB  = T2- MIN_RSW – Tproc1 – Tproc0;
3) else

· TA = TB = 0;

Therefore, we proposed:

Proposal 4: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, given MIN_RSW is the minimum RSW window size of CPS, the value of TA, TB is determined as following:

1) If T2- MIN_RSW – 31≥ 0, 

-
TA is determined by UE implementation within [0, T2- MIN_RSW – 31];

-
TB = TA + 31 – Tproc0 – Tproc1;

2) else if T2- MIN_RSW– 31<0, and T2- MIN_RSW – Tproc1 – Tproc0 > 0，

-
TA is determined by UE implementation with TA ≤0;

-
TB = T2- MIN_RSW – Tproc1 – Tproc0;

3) else

-
TA = TB = 0;
3.2 Partial sensing for re-evaluation and pre-emption
In RAN1#103e, it has been agreed that pre-evaluation and pre-emption are supported by UEs which perform sensing [1]. In RAN1#106-e meeting, it has been agreed that both PBPS and CPS are supported for re-evaluation and pre-emption. For pre-evaluation and pre-emption, the transmitting UE needs to perform step 1 of the resource (re)-selection procedure to check whether the selected resource is still available for transmission. Therefore, it should be discussed how a partial sensing UE should perform sensing for re-evaluation or pre-emption.
For a UE performing partial sensing RA, a straightforward solution for re-evaluation or pre-emption is to perform partial sensing RA step 1 to check whether the resource is still in candidate resource set. Different from full sensing, at least for periodic-based partial-sensing, it is up to UE implementation to select a set of candidate slots in the selection window to form the candidate resource set. For re-evaluation and pre-emption. if the selection of the set of the candidate slots is still up to UE implementation, different set of slots would be selected from the set of slots selected in resource (re)selection, and thus a UE would not be able to reuse the previous sensing results to perform re-evaluation and pre-emption for the selected resource, which may greatly increase the UE power consumption.
Two options can be considered to solve the above issue:

Option1: When performing re-evaluation or pre-emption, reuse the set of candidate slots in resource (re)selection.
To reduce the sensing duration, the set of candidate slots selected when performing re-evaluation and pre-emption should include as many as possible slots in the set of candidate slots selected when performing resource (re)selection. 
By this way, the UE can reuse the previous sensing results as much as possible. Furthermore, for re-evaluation and pre-emption of the selected resource(s) in the kth periods after resource (re)selection, the selected set of candidate slots should also be aligned with the set of candidate slots selected when performing resource (re)selection, i.e. including the slots which are k periods later than the set of candidate slots selected when performing resource (re)selection.. 
Option 2: When performing re-evaluation or pre-emption, the set of candidate slots only includes the slots of transmission resource for re-evaluation or pre-emption
Another much simpler solution is to fix the value of S-RSRP threshold, and just evaluate whether there exists resource reservation which overlaps with the resource to be re-evaluated or pre-empted, and the corresponding S-RSRP measurement of which is beyond the S-RSRP threshold. 
By this way, the UE only needs to sense in the slots in which the SL transmission may reserve a resource overlapping with the resource to be re-evaluated or pre-empted. The number of slots that UE need to monitor for re-evaluation or pre-emption can be further reduced.
Proposal 5: At least for resource(s) selected by period-based partial sensing, when performing re-evaluation or pre-emption,
· Option 1: reuse the set of candidate slots in resource (re)selection
· Option 2: the set of candidate slots only includes the slots of transmission resource for re-evaluation or pre-emption

4 Congestion control

4.1 Congestion based RA scheme selection

In Rel-17 sidelink enhancement, especially in commercial and PS use cases, congestion control on the UEs which uses power saving resource selection would be important. For commercial and PS use cases, all the UEs could be the UEs which have requirement of power saving, and the traffic load of these UEs are not likely to be very low. Therefore, the assumption that the traffic of power saving UEs is low does not hold any more. 

Observation 1: In rel-17 sidelink enhancement (e.g. in PS or commercial services), the traffic load of power saving UEs can be high.

On the other hand, the performance of the power saving resource selection methods such as random resource selection or partial sensing based resource selection may degrade the PRR performance compared with sensing based resource allocation. For example, random resource selection can only be used when the resource is sufficient and the traffic load is relatively low, the performance would degrade severely when the traffic load is relatively high. 

Observation 2: The performance of power saving resource selection would degrade severely especially when the traffic load is relatively high.

In RAN1#103e meeting, it has been agreed that a Mode 2 resource pool can be (pre)-configured to enable any combination of RA schemes. Therefore, if multiple RA schemes are enabled in a resource pool, a UE should be able to change its RA scheme based on its own traffic load and the congestion status of the network. The UE may not be allowed to use some power saving RA scheme if the network congestion level is relatively high. When the sidelink traffic is relatively low and resource is sufficient, power saving based resource selection mechanism can be used; otherwise, only sensing based resource selection mechanism can be used to achieve overall satisfying service requirement.

Proposal 6: Congestion based restrictions on selection of RA scheme should be supported in RAN1
4.2 Enhancement on CBR measurement

In RAN1#103-e, the following agreements were made:

Agreements:

· Further study congestion control based on CBR and CR for power saving RA schemes

· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes

· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement
CBR measurements are defined in both LTE-V2x and NR V2x for congestion control. However, for LTE-V2x, as p2V communication assumes P-UE can only transmit without reception capability, there is no discussion on enhancement of CBR measurement. 

In TS 38.214, the definition of CBR is given as below:

SL Channel Busy Ratio (SL CBR) measured in slot n is defined as the portion of sub-channels in the resource pool whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to higher layer parameter sl-TimeWindowSizeCBR.
To achieve the CBR measurement in slot n, the UE would have to perform sensing for SL RSSI measurement during CBR measurement window [n-a, n-1], which would cost much power of the UE. Therefore, reducing the number of slots necessary to be sensed for CBR measurement would be necessary to save UE power consumption.

Proposal 7: Support enhancements to reduce the number of slots to be sensed for CBR measurements
5 Impact of DRX
The impact of DRX should be considered in the discussion of resource allocation for power saving [2]. When DRX is configured for SL UEs, it would be beneficial to align the data transmission of Tx UE with the DRX cycle of Rx UE(s). In RAN1#106bis-e, three options have been proposed to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer. 
The Tx UE may select multiple repetition resources in a single resource (re)selection. To guarantee the Rx UE to be able to receive the transmission, at least the first several repetition transmissions should be within the indicated active time of the Rx UE. The Rx UE can extend the DRX_ON duration if it cannot successfully receive the first several repetitions but knows that there still exists reserved resources for further repetition transmissions. Therefore, we propose:

Proposal 8: a subset of candidate resources which are reported from PHY layer to MAC layer should be within the indicated active time of the Rx UE. At least the first several repetitions of a TB 
6 Conclusion
In this contribution, we discuss the potential enhancement for power saving. Based on the discussion, our proposals are summarized as follows:
Proposal 1: A CR limit can be (pre)configured for resource usage of random resource selection for a UE, below which the UE can perform random resource selection,

· The CR limitation can be CBR dependent as in Rel-16. 
Proposal 2: RAN1 down-selects one of the following options:

· 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

· The threshold value or the range can be CBR dependent.
· No special consideration
Proposal 3: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized in approach 2

- SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CP

Proposal 4: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, given MIN_RSW is the minimum RSW window size of CPS, the value of TA, TB is determined as following:

1) If T2- MIN_RSW – 31≥ 0, 

-
TA is determined by UE implementation within [0, T2- MIN_RSW – 31];

-
TB = TA + 31 – Tproc0 – Tproc1;

2) else if T2- MIN_RSW– 31<0, and T2- MIN_RSW – Tproc1 – Tproc0 > 0，

-
TA is determined by UE implementation with TA ≤0;

-
TB = T2 - MIN_RSW – Tproc1 – Tproc0;

3) else

-
TA = TB = 0;
Proposal 5: At least for resource(s) selected by period-based partial sensing, when performing re-evaluation or pre-emption,

· Option 1: reuse the set of candidate slots in resource (re)selection
· Option 2: the set of candidate slots only includes the slots of transmission resource for re-evaluation or pre-emption

Proposal 6: Congestion based restrictions on selection of RA scheme should be supported in RAN1
Proposal 7: Support enhancements to reduce the number of slots to be sensed for CBR measurements
Proposal 8: a subset of candidate resources which are reported from PHY layer to MAC layer should be within the indicated active time of the Rx UE. At least the first several repetitions of a TB 
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