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The Release-17 NR sidelink enhancement work item description (WID) was updated in [1]. In the last RAN1 meeting [2], the resource allocation for power saving was discussed and the following agreements have been made.

Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource 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.
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.
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

In this contribution, we discuss the open issues of resource allocation for power saving, including the detailed partial sensing, detailed random resource selection, coexistence of multiple resource allocation schemes, resource re-evaluation and pre-emption in power saving resource allocation, congestion control and resource allocation for sidelink DRX.    
Discussion
Partial sensing resource allocation
The partial sensing based resource allocation is supported, with details open. In LTE V2X, if a slot  is included in the set of initial candidate slots, the UE shall monitor any slot  if k-th bit of the high layer parameter gapCandidateSensing is set to 1. This is because most of the configured resource reservation periods in LTE V2X is an integer multiple of 100 ms. 

In NR V2X, up to 16 resource reservation periods can be configured by a resource pool, where the set of possible resource reservation periods can be 1:99 ms and 100:100:1000 ms. 

The schemes in LTE V2X of determining the set of initial candidate slots cannot be directly applied for NR sidelink. Since most of the configured resource reservation periods in NR sidelink are not integer multiple of a certain period (e.g., 100 ms), a simple parameter of gapCandidateSensing does not work properly. Furthermore, the support of smaller resource reservation periods (i.e., 1:99 ms) in NR sidelink implies more sensing operations needed to qualify an initial candidate slot, in case the similar scheme in LTE V2X of determining the set of initial candidate slots is applied. 

To achieve efficient power saving with partial sensing in NR sidelink, the modification of the LTE V2X scheme of determining the set of initial candidate slots is necessary. One simple modification is that not all the configured resource reservation periods are used to determine the initial candidate slots. Instead, only a subset of configured resource reservation periods is used to determine the initial candidate slots, as shown in Figure 1. For example, a configured resource reservation period is used to determine the initial candidate slots only if it is larger than a threshold.
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[bookmark: _Ref59878331]Figure 1: Exemplary initial candidate slot determination
Proposal 1: In partial sensing based resource allocation, an initial candidate slot is determined if sensing is performed on a set of earlier slots where the time gaps between the sensing slots and the initial candidate slot are a subset of the configured resource reservation periods.

Random resource selection
Random resource selection is supported as a power saving resource allocation scheme for NR sidelink. It is open of any enhancement from LTE V2X based random resource selection. 

In LTE V2X, the random resource allocation does not rely on any sensing results, and one or more sidelink resources is randomly selected within the resource selection window. This operation results in a large collision probability, although it achieves the largest power saving gain by not performing sensing at all.

In Release 16 V2X with full sensing, a resource allocation is triggered when sidelink data are ready to deliver. The resource allocation includes identifying candidate resources based on the sensing results before the resource allocation trigger (in consideration of sensing results processing time ). 

One way to decrease the collision probability from LTE V2X-based random resource selection is to perform some level of sensing operations. This sensing operation does not need to be performed in a regular basis like in partial sensing or full sensing. It is only performed in an on-demand basis. Specifically, a UE only performs a short sensing operation after sidelink data are ready to deliver. This short sensing operation could at least prevent the collision from aperiodic resource reservation, where the resource reservation window is 32 slots in NR sidelink. 

Note that one difference of this enhancement is the separation of resource allocation trigger time (i.e., sidelink data arrival for transmission) and actual resource selection time. A short sensing operation is performed during this time gap, as illustrated in Figure 2. This additional sensing operation between resource allocation trigger time and actual resource selection time is also applicable to partial sensing case. 
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[bookmark: _Ref59880194]Figure 2: Short sensing window between resource selection trigger and resource selection operations

Proposal 2: In reduced sensing, consider introducing a short sensing window between the resource selection trigger time and the actual resource selection time.

Coexistence of multiple resource allocation schemes 
In Release 16 V2X, a full sensing UE’s resource allocation procedure includes the candidate resource identification. One step in the candidate resource identification is to exclude a resource if it is reserved by another UE and the corresponding measured RSRP is larger than a threshold. This threshold depends on data priority of the full sensing UE and data priority of the resource reservation UE, and this threshold increases 3 dB at each round until a certain percentage of the candidate resources is identified. 

It was agreed [2] that in Release 17 sidelink enhancement, a resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s). If a resource pool is (pre-)configured to enable a combination of full sensing resource allocation scheme and reduced sensing resource allocations scheme, then the coexistence needs to be considered. 

A random resource selection UE does not perform sensing and hence, is unexpected to detect any potential resource collision. On the other hand, a full sensing UE is able to detect the potential resource collision from a random resource selection UE. Hence, it is desirable that the full sensing UE prioritizes the resource reservation from a reduced sensing UE. 

Specifically, in the full sensing UE’s resource allocation procedure, the RSRP threshold used to exclude a candidate resource may not only depend on data priority, but also depend on the sensing scheme used by another resource reservation UE. If another resource reservation UE preforms full sensing, then the legacy RSRP threshold is re-used. If another resource reservation UE performs reduced sensing, then a separate RSRP threshold is used by the full sensing UE in its resource allocation procedure. For example, a maximum RSRP threshold is applied for a resource reserved by a UE performing reduced sensing, or a RSRP threshold corresponding to the highest data priority of the resource reservation UE is applied if the resource reservation UE performs reduced sensing. 

Proposal 3: For a resource pool enabling both full sensing and reduced sensing resource allocation, the resource allocation procedure of a full sensing UE uses separate RSRP thresholds for resource reservation UE performing full sensing and for resource reservation UE performing reduced sensing. 
Resource re-evaluation and pre-emption 
Resource re-evaluation and pre-emption checking are introduced in NR sidelink to reduce the resource collision probability. In power saving resource allocation, if a UE performs sensing, then the resource re-evaluation and pre-emption checking are supported by the UE. 

It is open [2] whether resource re-evaluation and pre-emption can be supported by a UE performing random resource selection that do perform sensing. In our view, a UE is able to perform sensing should be able to support resource re-evaluation and pre-emption. The resource re-evaluation and pre-emption checking could be based on the sensing results between the resource selection time and the resource re-evaluation/pre-emption checking time. This scheme could reduce the resource collision probability of a random selection UE, as the cost of extra power consumption for sensing. 

Proposal 4: Resource re-evaluation and pre-emption are supported for a UE performing random resource selection, where the sensing for resource re-evaluation and pre-emption is performed between resource selection time and resource re-evaluation/pre-emption checking time.

A UE performing reduced sensing resource allocation is aimed to save power in its resource allocation procedure. Hence, it is a reasonable design target for this UE to achieve power saving for its resource re-evaluation and pre-emption checking. Unlike a full sensing UE which also performs full sensing between resource selection and resource re-evaluation/pre-emption checking, a reduced sensing UE can also perform reduced sensing between resource selection and resource re-evaluation/pre-emption checking. Different variations of reduced sensing for resource re-evaluation/pre-emption can be considered. For example, a reduced sensing UE performs sensing for resource re-evaluation/pre-emption starting a certain duration after its resource selection time. This is illustrated in Figure 3. Alternatively, a reduced sensing UE stops sensing for resource re-evaluation/pre-emption more than before its resource re-evaluation/pre-emption checking. 
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[bookmark: _Ref59889902]Figure 3: Reduced sensing for resource re-evaluation

Proposal 5: If a UE performs reduced sensing resource allocation, then it is supported that this UE’s resource re-evaluation and pre-emption is based on reduced sensing performed between the UE’s resource selection time and resource re-evaluation/pre-emption checking time.

Congestion control
It was agreed [2] to further study congestion control based on CBR and CR for power saving resource allocation schemes. The sidelink CR is to evaluate the total percentage of resources occupied or to be occupied by the evaluating UE. Since CR is not directly related to sensing operation, its definition could be directly applied to the UE with power saving resource allocation schemes. Specifically, the evaluation of CR at slot n is defined as the total number of sub-channels used for its transmissions in slot [n-a, n-1] and granted in slots [n, n+b], divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b]. This is independent of whether the UE is performing sensing or not during [n-a, n+b]. Similarly, the upper bound on CR, i.e., , could also follow the same design as that for full sensing UE. 

Proposal 6: The evaluation of CR and the definition of  for power saving resource allocation schemes reuse the design for full sensing resource allocation schemes. 

Resource allocation for sidelink DRX
In the latest WID [1], it is mentioned that resource allocation to reduce power consumption also consider the impact of sidelink DRX, if any. 

With the configuration of sidelink DRX, a UE does not monitor PSCCH during the off duration. Suppose a UE is configured with sidelink DRX, a peer transmit UE may want to learn this configuration such that the transmit UE does not make any sidelink transmissions to the first UE during its off duration. This could avoid wasting resources, since the UE in off duration cannot receive any sidelink data. If the peer transmit UE is a mode 2 UE, then its resource selection procedure may be modified so that the selected sidelink resources are in the on duration of the receiver UE. In the transmit UE’s resource allocation procedure, the slots belonging to receiver UE’s off duration should be excluded either during the candidate resource identification phase or during the resource selection from identified candidate resources phase.

Proposal 7: If an RX UE is configured with sidelink DRX, the TX UE should avoid allocating sidelink transmission resources during the RX UE’s DRX off duration. 

If a UE is configured with sidelink DRX, then its sensing operation may be affected since it cannot perform sensing during the off duration. Reduction in sensing due to sidelink DRX not only affects the transmission reliability of the UEs participating in sidelink DRX, but also affects significantly to the performance of other UEs which are not performing DRX. This effect is due to the fact that sidelink DRX implies reduced sensing and hence increased collision probability. Sensing and resource selection procedure of the UEs configured with sidelink DRX is required to be analyzed to avoid degraded resource allocation mechanism performance for the system as a whole. Hence, we have the following proposal:

Proposal 8: If a UE is configured with sidelink DRX, the UE does not perform sensing during its DRX off duration and its resource allocation is based on its sensing results during its DRX on duration. 

In case there is no sensing operation in sidelink off duration, the amount of sensing results is restricted for a UE configured with sidelink DRX. Subsequently, its selected resources have a higher chance of collision. RAN1 needs to study a solution to mitigate the impact of sidelink DRX. For example, it is preferrable to maximize the overlapping between sidelink DRX on duration and UE’s configured sensing occasions in partial sensing resource allocation. The cross-level coordination may be needed in the effort of maximizing the overlap. 

Proposal 9: RAN1 to study the mechanism to maximize the overlapping of sidelink DRX on duration time and UE’s configured sensing periods. 

Conclusion
In this contribution, we provided our views on NR sidelink resource allocation for power saving. Our proposals are as follows: 

Proposal 1: In partial sensing based resource allocation, an initial candidate slot is determined if sensing is performed on a set of earlier slots where the time gaps between the sensing slots and the initial candidate slot are a subset of the configured resource reservation periods.

Proposal 2: In reduced sensing, consider introducing a short sensing window between the resource selection trigger time and the actual resource selection time.

Proposal 3: For a resource pool enabling both full sensing and reduced sensing resource allocation, the resource allocation procedure of a full sensing UE uses separate RSRP thresholds for resource reservation UE performing full sensing and for resource reservation UE performing reduced sensing. 

Proposal 4: Resource re-evaluation and pre-emption are supported for a UE performing random resource selection, where the sensing for resource re-evaluation and pre-emption is performed between resource selection time and resource re-evaluation/pre-emption checking time. 

Proposal 5: If a UE performs reduced sensing resource allocation, then it is supported that this UE’s resource re-evaluation and pre-emption is based on reduced sensing performed between the UE’s resource selection time and resource re-evaluation/pre-emption checking time.

Proposal 6: The evaluation of CR and the definition of  for power saving resource allocation schemes reuse the design for full sensing resource allocation schemes. 

Proposal 7: If an RX UE is configured with sidelink DRX, the TX UE should avoid allocating sidelink transmission resources during the RX UE’s DRX off duration. 

Proposal 8: If a UE is configured with sidelink DRX, the UE does not perform sensing during its DRX off duration and its resource allocation is based on its sensing results during its DRX on duration. 

Proposal 9: RAN1 to study the mechanism to maximize the overlapping of sidelink DRX on duration time and UE’s configured sensing periods. 
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