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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 preliminary simulation results. 

1. Scenarios
[bookmark: _Ref37418328]The study of pedestrian UE (PUE) in LTE V2X mainly focuses on the basic safety scenario, where only the P2V case is concerned for power saving purposes. However, apart from basic safety, NR sidelink supports new V2X use cases such as dynamic ride sharing, tethering via vehicle, etc. Thus, resource allocation enhancement for power saving in V2P should also be supported.
Moreover, as clearly stated in the justification of this WID, the NR sidelink should support use cases other than V2X, such as public safety or commercial D2D (e.g., NCIS). In this case, power saving for both the transmitter UE and the receiver UE are critical. Therefore, the power reduction mechanism on either side needs to be supported.
[bookmark: _Ref47649207]Observation 1: The Rel-14 LTE SL power saving mechanism is only designed for P2V scenario.
[bookmark: _Ref47649222]Proposal 1: The NR SL power saving mechanism should support the following cases: power-limited UE in the TX side only (e.g., P2V), in the RX side only (e.g., V2P), and in both TX and RX sides (e.g., for public safety or commercial D2D).
1.1. Capability of UE to support SL reception
In LTE, the PUE is assumed with no SL reception capability, or limited SL reception capability (only with PSCCH decoding capability for partial sensing purpose). Nevertheless, in NR, the design of power saving mechanism should consider power-limited UEs with additional capabilities, such as UE with capability for PSCCH/PSSCH reception in V2P/D2D use cases. Even in the P2V use case, in order to achieve higher reliability, the Rx UE is motivated to use HARQ feedback based PSSCH transmissions, thus the capability for reception of PSFCH should be supported. Based on above discussion, at least the following kinds of reception capabilities of UEs can be considered:
· Capability #1: UE does not support sidelink reception.
· Capability #2: UE supports receiving PSCCH on sidelink.
· Capability #3: UE supports receiving PSFCH on sidelink.
· Capability #4: UE supports the reception of PSCCH, PSSCH, (and PSFCH).
For UE with Capability #1, only random selection can be allowed in mode 2 resource allocation. For UE with Capability #2 or #4, partial sensing can be supported. For UE with Capability #3 or even Capability #4, HARQ-feedback based transmission are supported. UE with Capability #4 can support V2P, critical or commercial D2D use cases. Furthermore, with Capability #4 the UE may also support SL measurement (e.g., RSRP or CBR/CR), which may be beneficial for power saving or better PRR/PIR performance.
[bookmark: _Ref47649226]Proposal 2: The design of power saving mechanism should consider different reception capabilities of UE: 
· Capability #1: UE does not support sidelink reception.
· Capability #2: UE supports receiving PSCCH on sidelink 
· Capability #3: UE supports receiving PSFCH on sidelink
· Capability #4: UE supports the reception of PSCCH, PSSCH, (and PSFCH)
[bookmark: _Ref47649230]Proposal 3: For UE that support capability #4, it is beneficial for that UE to support SL measurement (e.g., RSRP or CBR/CR).
1.2. [bookmark: _Hlk54051775]Preliminary simulation results of power consumption
In this section, some simulation results to evaluate the power consumption of NR sidelink operation are provided. The proportions of different behaviors in total power consumption of the PUE (i.e., the median UE) in system level simulations of groupcast and unicast scenarios are shown in Figure 1 and Figure 2, respectively. Specifically, the behavior of Sensing, PSSCH transmission and reception, PSFCH transmission and reception, as well as SSB transmission and reception, are modeled. The general simulation parameters and the power consumption CDF distributions of different behaviors for all the UEs in the simulation can be found in Annex A.
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	[bookmark: _Ref54083623]Figure 1 Power consumption in groupcast
	[bookmark: _Ref54083634]Figure 2 Power consumption in unicast


As shown in Figure 1 and Figure 2, the power consumption of Sensing accounts for the largest part of total power consumption, especially in the unicast scenario. Besides, the PSFCH transmission and PSSCH reception also occupy significant parts of total power consumption in groupcast scenario. The reason is that, compared to unicast scenario, UE has a higher opportunity to receive data in groupcast scenario, which results in a higher power consumption. Moreover, the higher data receiving probability leads to a larger number of ACK/NACK feedbacks, yielding huge power consumption for PSFCH transmissions.
[bookmark: _Ref47709824]Observation 2: Sensing is the most significant part in power consumption in both groupcast and unicast scenario.  
[bookmark: _Ref47709828]Observation 3: The power consumption of PSSCH reception and PSFCH transmission occupy a large proportion in groupcast scenario.
[bookmark: _Ref47700000]Proposal 4: The mechanisms of power saving enhancement for mode-2 should focus on reducing power consumption of Sensing, PSSCH reception and PSFCH transmission.

The mechanism of partial sensing and random selection introduced in LTE may be the used for mitigating the Sensing power consumption. Additional mechanisms for mitigating the power consumption of PSSCH reception and PSFCH transmission should be investigated.

1. Partial sensing mechanism
According to the simulation result, Sensing is the most significant part in power consumption that should be addressed. The mechanism of partial sensing and random selection can be the baseline for mitigating the Sensing power consumption. In LTE V2X, partial sensing is specified to reduce the power consumption of PUE. PUE only performs sensing in one or multiple short-time sensing windows. The location of the sensing windows, the location of the selection window, as well as the step size Pstep, are determined by the higher layer configuration. As demonstrated in Figure 3, the PUE only perform sensing in blue windows and resource selection in the yellow window. 
 
[bookmark: _Ref47646292]Figure 3 LTE partial sensing mechanism
2.1. Enhancement on partial sensing mechanism
However, in NR V2X, there are some aspects different from LTE SL that should be considered, such as the support of aperiodic reservation, flexible resource reservation periods, etc. In the following, we identify some problems when applying partial sensing in NR SL. 
· The aperiodic traffic
In LTE V2X, partial sensing mechanism is designed considering periodic traffic. However, in NR V2X, aperiodic resource reservation is introduced to support aperiodic traffic. Consequently, the aperiodic resource allocation from neighbor UEs just before the selection window may not be detected in advance by the sensing UE according to the LTE partial sensing mechanism. One simple approach to mitigate this issue is to add an additional sensing window before the selection window of the UE. One example is illustrated in Figure 4: when resource selection is triggered for a UE, the UE sets a short-term sensing window, and determines selection window after this short-term sensing window. The preliminary simulation results for this approach can be found in section 3.2, which shows that such a simple approach can maintain the PRR performance while reducing the power consumption.


[bookmark: _Ref47647427]Figure 4 An additional sensing window: short term partial sensing window
Therefore, we give the following proposal:
[bookmark: _Ref47649234]Proposal 5: To reduce the collision possibility caused by aperiodic resource allocation, a short term partial sensing window before the resource selection window should be introduced for NR partial sensing mechanism. 
· Various resource reservation periods 
In LTE partial sensing mechanism, the location of the partial sensing window is determined by a fixed step size Pstep of 100ms. The value of 100 can cover all the other period values such as 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000, because each of them is a multiple of 100 ms. Thus, whenever a resource in the selection window is reserved by other UEs, the PUE can recognize the resource reservation. An example is illustrated in Figure 3, where a VUE reserve resources every 500ms, and a PUE is configured with a bitmap indicating the partial sensing window. If the VUE transmit in the sensing window at t1 as illustrated in Figure 3, the SCI would also indicate the resource reserved in the following period at t1+500. Then, the PUE can identify the resource at subframe t1+500 that has been reserved by the VUE in the selection window, so that it can avoid a potential collision via the partial sensing mechanism.
In NR V2X, the resource reservation periods are more flexible than that in LTE (e.g., any value from 1:99 ms). Consequently, a single fixed step size (e.g., 100ms) may not cover all the periods configured in the resource pool, thus UE cannot identify resources reserved by other UEs, which may result in high resource collision possibility. For example, as illustrated in Figure 5, a VUE transmits at slot t1, and it reserves a resource with a reservation period of 50ms. One of the reserved resources is located at t1+50 in the selection window. However, the UE cannot identify this reservation because it does not perform sensing at t1. 
One simple way to resolve this issue is to derive a sensing window according to all configured periods in the resource pool. Nevertheless, in this case, the power consumption of the UE becomes problematic. How to balance the sensing performance and power consumption need to be studied regarding periodic partial sensing.  



[bookmark: _Ref47648720]Figure 5 Mismatch between short-term sensing window and reserved resource
[bookmark: _Ref47649238]Proposal 6: Support periodic partial sensing with multiple sensing window periods based on resource reservation periods configured per resource pool.
2.2. [bookmark: _Ref54122102]Preliminary simulation results of partial sensing
In this section, simulation results of the enhanced partial sensing mechanism are provided, where the Rel-16 sensing mechanism is the baseline. In this simulation, an additional sensing window with the length of 32 slots before resource selection window is added compared with LTE partial sensing. The power consumption and average PRR are shown in Figure 6 to Figure 9. The general simulation parameters can be found in Annex B.
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	[bookmark: _Ref54084319][bookmark: _Ref54268149]Figure 6 Average PRR with aperiodic traffic
	[bookmark: _Ref54126550][bookmark: _Ref54268163]Figure 7 Power consumption with aperiodic traffic
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	[bookmark: _Ref54367611]Figure 8 Average PRR with periodic traffic
	[bookmark: _Ref54367524][bookmark: _Ref54367519]Figure 9 Power consumption with periodic traffic


As shown in Figure 6, 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 7. In Figure 8 and Figure 9, similar results are shown for periodic traffic. As shown in Figure 8, the average PRR of enhanced partial sensing is slightly worse than that of Rel-16 sensing mechanism as the distance increasing, but the power consumption is significantly reduced compared with that of Rel-16 sensing mechanism.
[bookmark: _Ref54339000]Observation 4: The average PRR of enhanced partial sensing mechanism for P2V is comparable as that of Rel-16 sensing mechanism.
[bookmark: _Ref54126596]Observation 5: The power consumption of enhanced partial sensing mechanism is much lower than that of Rel-16 sensing mechanism.

1. Random selection
In LTE sidelink, random selection is performed without sensing, where all the resource in resource selection window can be selected with equally possibility. In order to avoid resource collision, it is desirable that VUEs in the resource pool can avoid to use the resource reserved by the power-limited UEs as much as possible. A simple approach is to give higher priority to the resources selected by the power-limited UEs, so that the resources are less likely be preempted. 
[bookmark: _Ref54125073]Proposal 7: Higher priority is assigned to the resources selected by a power-limited UE, to preserve these selected resources from being pre-empted by UEs without battery constrain.
1. Enhancement on PSFCH transmission
The simulation results in section 2.2 show that the power consumption of PSFCH transmission is significant. If UE supports the capability of PSFCH transmission in NR sidelink, it is necessary to further optimize the PSFCH transmission power consumption.
In Rel-16, only DL pathloss based PSFCH power control is supported, which is different from that of PSSCH and PSCCH and may lead to unnecessary power consumption. For instance, when two nearby UEs communicate with each other in SL, the SL pathloss may be much lower than the DL pathloss. Therefore, open loop power control mechanism based on SL pathloss can be considered for PSFCH.
Besides, the existing PSFCH period, i.e., 1, 2 or 4 slots, as well as the feedback timing, i.e., 2 or 3 slots after PSSCH reception, are not optimal from UE power saving perspective. For example, it may result in frequent TX/RX switching, yielding unnecessary power consumption. Secondly, for power saving purpose, it is desirable to transmit as much PSFCHs as possible in a single PSFCH occasion, instead of distributing PSFCHs in multiple occasions with short intervals. Therefore, a longer PSFCH period should be considered for power-limited UE. An example is shown in Figure 10, where the PSFCH period is extended from 1 slot to 16 slots, the dotted and solid lines correspond to the feedback occasion before and after the PSFCH period is extended, respectively.

  
[bookmark: _Ref54288476]Figure 10 PSFCH with longer period
[bookmark: _Ref54117387]Proposal 8: SL pathloss based OLPC for PSFCH should be supported for power-limited UE.
[bookmark: _Ref54117395]Proposal 9: Longer PSFCH period should be studied for power-limited UE.

1. Power saving for V2P/D2D communication
As mentioned before, the design of power saving mechanism should consider new use cases, such as V2P/D2D use cases. In such cases, power limited UE needs to perform PSCCH/PSSCH reception in a power efficient manner, e.g., by introducing DRX for blind detection of PSCCH/PSSCH. Thus, Tx UE needs to align the timing with Rx UE, so that the selected transmission resources is located at PSCCH/PSSSCH reception time of Rx UE. Specifically, the resource selection mechanism of Tx UE needs to be enhanced accordingly. For example, if a UE performs reception only on the periodically DRX on duration, then Tx UE needs to restrict the selected transmission resource at such DRX on duration.
[bookmark: _Ref47649243]Proposal 10: Taking discontinuous reception time of Rx UE into account to enhance resource selection mechanism for V2P and D2D communication.
Moreover, the introduction of DRX to sidelink may also incur some impacts on power saving mechanism, measurement and reporting.
To be specific, a UE may enable sensing and SL DRX simultaneously for further power consumption. Considering SL DRX on duration may not always be aligned with the sensing window, UE may be turned off in some sensing windows and cannot perform sensing process, thus there will be a decline of the SCI samples used for resource occupancy assessments, which will degrade the performance of resource selection.
Besides, the reduction in SCI reception samples can also reduce the accuracy of measurements such as CBR/CR, which can adversely affect the power control and reliability. Furthermore, the CSI reporting mechanism can be affected. For instance, if the CSI reporting window is in the DRX off duration, the requesting UE is not able to receive CSI reports properly.
To solve the issues above, the DRX pattern and sensing/resource (re)selection coordination works should be investigated, e.g., only the sensing window within an on duration is valid, and the UE determines the sensing/selection window according to the DRX on duration position, further details can be found in our paper [3].
[bookmark: _Ref54117402]Proposal 11: RAN1 should study the interaction between partial sensing and SL DRX mechanisms, e.g., coordination between partial sensing/selection window and SL DRX pattern.
[bookmark: _Ref54117409]Proposal 12: RAN1 should study the impact of SL DRX on SL measurement and reporting.

1. Conclusion
This contribution focus on power saving mechanism for NR sidelink with the following observations and proposals:
Observation 1: The Rel-14 LTE SL power saving mechanism is only designed for P2V scenario.
Observation 2: Sensing is the most significant part in power consumption in both groupcast and unicast scenario.
Observation 3: The power consumption of PSSCH reception and PSFCH transmission occupy a large proportion in groupcast scenario.
Observation 4: The average PRR of enhanced partial sensing mechanism for P2V is comparable as that of Rel-16 sensing mechanism. 
Observation 5: The power consumption of enhanced partial sensing mechanism is much lower than that of Rel-16 sensing mechanism.

Proposal 1: The NR SL power saving mechanism should support the following cases: power-limited UE in the TX side only (e.g., P2V), in the RX side only (e.g., V2P), and in both TX and RX sides (e.g., for public safety or commercial D2D).
Proposal 2: The design of power saving mechanism should consider different reception capabilities of UE: 
· Capability #1: UE does not support sidelink reception.
· Capability #2: UE supports receiving PSCCH on sidelink 
· Capability #3: UE supports receiving PSFCH on sidelink
· Capability #4: UE supports the reception of PSCCH, PSSCH, (and PSFCH)
Proposal 3: For UE that support capability #4, it is beneficial for that UE to support SL measurement (e.g., RSRP or CBR/CR).
Proposal 4: The mechanisms of power saving enhancement for mode-2 should focus on reducing power consumption of Sensing, PSSCH reception and PSFCH transmission.
Proposal 5: To reduce the collision possibility caused by aperiodic resource allocation, a short term partial sensing window before the resource selection window should be introduced for NR partial sensing mechanism.
Proposal 6: Support periodic partial sensing with multiple sensing window periods based on resource reservation periods configured per resource pool.
Proposal 7: Higher priority is assigned to the resources selected by a power-limited UE, to preserve these selected resources from being pre-empted by UEs without battery constrain.
Proposal 8: SL pathloss based OLPC for PSFCH should be supported for power-limited UE.
Proposal 9: Longer PSFCH period should be studied for power-limited UE.
Proposal 10: Taking discontinuous reception time of Rx UE into account to enhance resource selection mechanism for V2P and D2D communication.
Proposal 11: RAN1 should study the interaction between partial sensing and SL DRX mechanisms, e.g., coordination between partial sensing/selection window and SL DRX pattern.
Proposal 12: RAN1 should study the impact of SL DRX on SL measurement and reporting.
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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast and Unicast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle UE
	Traffic type: Aperiodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms+an exponential random variable with the mean of 50ms
Packet latency requirement: 50ms
Packet size: 200-2000byte

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

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


The following figures show the power consumption distribution of each behavior for all the UEs in the system level simulation. For example, the pink curve in the figures represents the distribution of how much power is used (in percentage) for sensing for each UE in the simulation.
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	[bookmark: _Ref54288434]Figure 11 Power consumption in groupcast
	Figure 12 Power consumption in unicast


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

	Deployment
	Urban scenario

	Link type
	P2V

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle
	Traffic type: Aperiodic and periodic traffic
Traffic load: Medium Intensity
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

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

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

	Max transmission time
	Four time

	TX power
	23dBm

	Resource selection window length for pedestrian UE
	20 slot

	Length of the short term sensing window before the resource selection window for pedestrian UE
	32 slot
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