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1 Introduction
In RAN1#103e [1], the following agreements are made on sidelink resource allocation for power saving:
	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 provide our further considerations on potential resource allocation enhancement for power saving. 
2 Use cases and scenarios
Which UEs need power saving

In Rel-14 LTE V2x, the requirement of power saving is only for pedestrian UEs which are equipped with battery power.  In NR V2x use case, the same assumption can be made. Power saving is only required for pedestrian UEs.
For public safety and commercial use cases, all hand-held devices are equipped with battery power. The power consumption of all the devices needs to be optimized.

Proposal 1: Power saving is required only for pedestrian UEs in V2x use case, while for all the UEs in PS and commercial use cases.

Power saving for transmitting UEs or receiving UEs
In Rel-14 LTE V2x, it is assumed that the pedestrian UEs would only broadcast basic safety messages, and it would be vehicle UEs’ responsibility to avoid potential traffic accidents. The resource allocation enhancements for power saving in LTE V2x is only for sidelink communications from pedestrian UEs to vehicle UEs. However, this may not be true for some advanced NR V2x use cases, pedestrian UEs should be able to receive sidelink transmissions from vehicle UEs as well.
For public safety and commercial use cases, bi-directional sidelink communications are typical. Therefore, different from LTE V2x, rel-17 sidelink enhancement should aim to power saving for both transmitting UEs and receiving UEs.

Proposal 2: Power saving for both transmitting UEs and receiving UEs are supported.

3 Random resource selection
In RAN1#103e meeting, it has been agreed that random resource selection is supported [1]. However, the conditions for applying random resource selection is still for further study.
It should be noted that random resource selection would degrade system performance if it is abused. In Rel-14 LTE V2x, the traffic load of pedestrian UEs are assumed to be relatively low. For example, in the evaluation, the traffic periodicity of pedestrian UEs are assumed to be 1000ms due to its low UE speed. In such a case, sensing based resource selection is still dominant. Therefore, collisions among pedestrian UEs are rare, and most collisions between vehicle UEs and pedestrian UEs can be resolved by vehicle UE sensing. However, things would be quite different for public safety and commercial use cases, where most of UEs have power saving requirement. If all the power saving UEs use random resource selection to save the power consumption, the collision probability would be rather high; otherwise a very sparse resource pool has to be allocated and the resource efficiency would be rather low.

Therefore, conditions or restrictions should be defined on when or which device can use random resource selection, at least for public safety and commercial use cases. To avoid system performance to be disrupted by random resource selection, the frequency that a power saving UE performs random resource selection should be restricted. For example, a minimum duration can be defined between two times that the random resource (re)selections are triggered.
Proposal 3: The frequency that a UE performs random resource selection should be restricted
4 Partial sensing based RA

4.1 Impact of aperiodic resource reservation
The basic idea of partial sensing is to find a subset of candidate slots in the selection window, and senses only in slots where a sidelink transmission may have resource reservation in the subset of candidate slots. 5G V2x supports resource reservation for data re-transmissions of the same TB. Following the principle of partial sensing, assuming resource (re)-selection is performed in slot n, and given a slot m in the selection window, sensing should be performed at least in slots within duration [m-31, n-[image: image2.png]TSL

oroc.



]. 

Proposal 4: When partial sensing RA is performance, assuming resource (re)-selection is performed in slot n, if candidate resource in slot m in the selection window is considered, sensing should be performed at least in slots within duration [m-31, n-[image: image4.png]TSL
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].

4.2 Further improvement for partial sensing
4.2.1 Challenges 

In Rel-14 V2x, the basic safety services are targeted, and periodic data transmission are assumed. The resource reservation in Rel-14 V2x is periodical, and most of the supported reservation periods are integer multiplexing of a given period (100ms). Therefore, given the set of candidate resource for selection, it is possible for a pedestrian UE to monitor only a small part of time, such that all the potential reservations for resources in the set are monitored. For example, assuming packet delay budget is 100ms, and the minimum number of subframes with candidate resource is configured to be K, there should be K subframes with candidate resources every 100ms. Assuming that the set of reservation period values is {100, 200, 300, …, 1000}ms, ideally a Rel-14 LTE V2x partial sensing UE can wake up to sense for K ms every 100ms, as shown in Figure 1 (a).

However, in 5G V2x, the number of values of supported reservation periods is much higher, and the configured periods for a sidelink resource pool can be much more flexible. All the values from 1 to 99 ms are supported to be a reservation period, and thus the configured reservation period set may be irregular. For example, use the same assumptions as in Figure (a) that the packet delay budget is 100ms, and the minimum number of subframes with candidate resource is configured to be K. Assuming there are 10 configured period values {T1, T2, …T8, 100, 1000}ms, a UE would need to wake up for 9*K slots every 100ms, as shown in Figure 1(b). Assuming 15KHz SCS is used as in LTE, the duration of time that a 5G V2x UE needs to sense will increase 9 times compared with that of LTE V2x UE.

[image: image5]
Figure 1: illustration of impact of irregular period and aperiodic reservation
In addition, 5G V2x supports resource reservation for data re-transmissions of the same TB. A UE with partial sensing would have to monitor more time durations to avoid any potential detection missing of SCI reserving resource in a given set of candidate resources. Using the same assumptions as in Figure 1(a), if aperiodic resource reservation is considered, addition 31 slots may need to be sensed every 100ms, as shown in Figure 1(c). The duration for partial sensing UE to sense increases a lot. 

Observation 1: The power saving gain of partial sensing would be degraded due to irregular reservation period configuration and resource reservation for retransmissions of the same TB.
4.2.2 Configurable UE sensing behaviour
In LTE V2x partial sensing, the minimum number of subframes in the selection window is (pre)-configured but the detailed UE sensing behavior is not defined. Which subframes are selected and how a partial sensing UE senses to satisfy the configured requirement is not defined in specification but is up to UE implementation. 

Sidelink DRX has been discussed in RAN2, and RAN2 has agreed that when UE in SL active state should monitor PSCCH [2]. It would be beneficial if the duration of partial sensing and SL active time can overlap as much as possible. Therefore, we propose:
Proposal 5: When SL DRX is configured and partial sensing RA scheme is performed, UE should keep sensing during SL active duration.

4.2.3 Relaxing partial sensing requirements
In Rel-14 V2x, the partial sensing UE may be (pre-)configured a subset of reservation periods with which the set of subframes that UE should sense is derived. Some periodicity values with relatively low collision probability can be ignored to make sure that UE does not need to wake up for sensing too frequently. The same principle can be considered in Rel-17 sidelink enhancement, especially when dealing with irregular period values and aperiodic reservation. For example, a partial sensing UE which selects resource for periodic data transmission may not need to sense those slots that can only have SL transmissions with aperiodic reserved time-frequency resource overlapping with the considered candidate resource. With careful (pre)-configuration, the trade-off between system performance and power saving can be achieved.
Proposal 6: Support (pre)-configuration to enable/disable the requirements to sense the slots that may have transmissions with aperiodic reserved resource overlapping with the considered candidate resource.
4.3 Impact of 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]. 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 pre-evaluation or re-emption.
For a UE performing partial sensing RA, it would be natural that it still performs partial sensing RA step 1 for re-evaluation and pre-emption. However, for partial sensing RA scheme, if following the Rel-14 design principle, it is up to UE implementation to select a subset of slots in the selection window which forms the candidate resource set. As the exact value of S-RSRP threshold can be increased if the number of candidate resources is not enough after precluding, the re-evaluation or pre-emption results could be different if different subset of slots is selected in the selection window.  That is, the re-evaluation or pre-emption results will be up to UE implementation.
A simple 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 7: For partial sensing UE, if preemption and re-evaluation is supported, UE is only required to sense in the slots in which the SL transmission may reserve a resource overlapping with the resource to be preempted or re-evaluated.
5 Congestion control

5.1 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 2: 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 3: 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 [2]. 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 8: Congestion based restrictions on selection of RA scheme should be supported in RAN1
On the other hand, if more than one RA schemes are available (i.e. all the conditions to perform the RA scheme are satisfied), it could be up to UE implementation to select which RA scheme is used for a sidelink transmission.
6 Impact of DRX
The impact of DRX should be considered in the discussion of resource allocation for power saving [3]. 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). The Rx UE DRX cycle configurations can be known by Tx UE, e.g. by RRC signalling exchange. And then Tx UE can try to select resource within the SL active duration of Rx UE. Therefore, we propose:
Proposal 9: Support the Tx UE to preclude resources that are not within the time slots of Rx UE DRX on duration.
7 Conclusion
In this contribution, we discuss the potential enhancement for power saving. Based on the discussion, our observations and proposals are summarized as follows:
Observation 1: The power saving gain of partial sensing would be degraded due to irregular reservation period configuration and resource reservation for retransmissions of the same TB.
Observation 2: In rel-17 sidelink enhancement (e.g. in PS or commercial services), the traffic load of power saving UEs can be high.

Observation 3: The performance of power saving resource selection would degrade severely especially when the traffic load is relatively high.

Proposal 1: Power saving is required only for pedestrian UEs in V2x use case, while for all the UEs in PS and commercial use cases.

Proposal 2: Power saving for both transmitting UEs and receiving UEs are supported.

Proposal 3: The frequency that a UE performs random resource selection should be restricted
Proposal 4: When partial sensing RA is performance, assuming resource (re)-selection is performed in slot n, if candidate resource in slot m in the selection window is considered, sensing should be performed at least in slots within duration [m-31, n-T3].

Proposal 5: when SL DRX is configured and partial sensing RA scheme is performed, UE should keep sensing during SL active duration.

Proposal 6: Support (pre)-configuration to enable/disable the requirements to sense the slots that may have transmissions with aperiodic reserved resource overlapping with the considered candidate resource.

Proposal 7: For partial sensing UE, if preemption and re-evaluation is supported, UE is only required to sense in the slots in which the SL transmission may reserve a resource overlapping with the resource to be preempted or re-evaluated.
Proposal 8: Congestion based restrictions on selection of RA scheme should be supported in RAN1
Proposal 9: Support the Tx UE to preclude resources that are not within the time slots of Rx UE DRX on duration.
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