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1. Introduction
In RAN1 #103-e meeting, power saving mechanism for sidelink was discussed and the following agreements and conclusion were achieved [1]
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 will discuss the mechanisms of power saving for NR SL.
2. Discussion
2.1. Random resource selection
It was agreed that random resource selection was supported for power saving. Both type-A (without sensing capability) and type-D (with sensing capability) UE can do random resource selection. In this section, the issues of random resource selection of type-A UE will be discussed. 
There is no sensing capability for type-A UE. It was also agreed that a resource pool could be enabled with random resource selection only, full sensing only, partial sensing only or  any combination thereof. Within a resource pool which enables both random resource selection and full/partial sensing, a UE without sensing capability will do random resource selection, and a UE with sensing capability can do resource selection based on sensing, and furthermore, the UE with sensing capability can do re-evaluation/pre-emption to avoid resource collision. For example, resource reselection will be triggered once the following conditions are fulfilled for pre-emption check:
· Full or partial overlapped resource
· The measured RSRP of the detected UE is higher than a RSRP threshold
· The priority of sensing UE is lower than the priority of detected UE.
For a UE without sensing capability, it cannot do re-evaluation and pre-emption. Once a resource is selected by random, it will expect other UE with sensing capability to do re-evaluation/pre-emption check to avoid the resource collision. If the priority of random resource selection UE is P_ran, the other UEs with sensing capability whose priority P_sen is lower than P_ran will do resource reselection once a collision is detected. While the UEs whose priority is higher than P_ran will not do resource reselection even if a collision is detected. Therefore, the resource collision between UE without sensing capability and the UE with sensing capability whose priority is higher than the priority of random selection UE cannot be avoided. That is not a reasonable mechanism. How to avoid the collision of random selected resource with the UE with higher priority only should be studied. 
Observation 1: if a resource pool enables random selection and partial/full sensing, the resource collision between the UE without sensing capability whose priority is P_ran, and the UE with sensing capability whose priority is higher than P_ran, cannot be avoided by re-evaluation/pre-emption check.
Proposal 1: How to avoid the collision between a UE not performing any sensing and a higher priority UE performing sensing should be studied.
2.2. Partial sensing
Partial sensing was introduced in LTE-V2X. Compared to full sensing, the key difference of partial sensing is as follows: 
· Y slots within resource selection window will be selected, the candidate resource set is determined based on the sensing results of the slots within the sensing window corresponding to the Y slots.
· The sensing window is divided into 10 periods, each period corresponding to 100ms.
· UE does sensing on the slots within the period of the sensing window which corresponding to the selected Y slots within resource selection window. A bitmap is used to indicate which period of the sensing window needs to be sensed. 
The above mechanism of LTE-V2X partial sensing is based on the assumption that the minimal reservation period is 100ms. The possible reservation periods include {100,200,300,400,500,600,700,800,900,1000}ms. The lower resource reservation periods, such as 20ms and 50ms, are not considered or optimized for partial sensing. 
If partial sensing is applied to NR SL, the LTE-V2X mechanism can be taken as starting point and some enhancement are necessary. For example, the supported reservation periods of NR SL include {1:99, 100,200,300,400,500,600,700,800,900,1000}ms. Considering the reservation period indicated in SCI is only used to reserve resource in next period, the partial sensing UE can do resource exclusion for the selected Y slots based on the sensing results of one possible previous reservation period. The possible reservation period of a resource pool can be determined by the resource pool configuration parameter SL-ResourceReservePeriod.  
For partial sensing in NR SL, the following mechanism can be applied. 
The resource pool configuration is used to configure two parameters: minNumCandidateSlot, SL-ResourceReservePeriod. The partial sensing UE selects Y slots within selection window, where Y is equal to or larger than minNumCandidateSlot. For each slot y of the selected Y slots, UE does sensing on the slot y-P_rev which corresponds to the slot of one previous reservation period. UE determine the candidate resource set based on the sensing results of each slots corresponding to SL-ResourceReservePeriod.
Proposal 2: For partial sensing in NR SL, the following mechanism can be applied:
· Resource pool configuration includes two parameters that are used for partial sensing minNumCandidateSlot, SL-ResourceReservePeriod.
· Partial sensing UE selects Y slots within resource selection window, where Y is equal to or larger than minNumCandidateSlot.
· For each slot of the selected Y slots, partial sensing UE does sensing on the slot y-P_rev, where P_rev is determined by SL-ResourceReservePeriod.
· Partial sensing UE determine candidate resource set based on the sensing result and report it to higher layer.
· If the number of resource within the candidate resource set is less than X% of the total resource of selected Y slots, UE will increase RSRP threshold by 3dB and repeat the exclusion procedure.



Figure 1 Illustration of partial sensing

2.3. How to support partial sensing for a UE with aperiodic traffic
In LTE-V2X partial sensing mechanism, only periodic traffic is considered, and no enhancement was studied for one-shot transmission. While for NR SL, both periodic and aperiodic traffic should be considered for partial sensing mechanism. How to support aperiodic traffic based on partial sensing needs to be studied.
For aperiodic traffic, the UE cannot predict the arriving time of the data packet. Furthermore, considering the latency of NR SL could be very small, it is hardly for UE to do partial sensing in advance and derive the candidate resource set based on the sensing results. The following two schemes can be used to support aperiodic traffic. 
· Scheme 1: Random resource selection + re-evaluation/pre-emption
Once data packet arrives, partial sensing UE can do random resource selection within the resource selection window. Before using each selected resource, the UE can do re-evaluation or pre-emption check to determine whether there is resource collision and whether resource reselection should be triggered. One example is shown in Figure 2. When data packet arrives at slot n, UE randomly select 3 resources, x,y,z, within the resource selection window, and the first resource x is at slot m. Before using the resource x, the UE does re-evaluation check at time m-T3.



Figure 2: Illustration of random resource selection + re-evaluation check

· Scheme 2: Short term sensing + resource selection + re-evaluation/pre-emption
Once data packet arrives at slot n, partial sensing UE can do short term sensing, such as sense A slots after n, and do resource selection based on the sensing results of the A slots. Before using each selected resource, the UE can do re-evaluation or pre-emption check to determine whether there is resource collision and whether resource reselection should be triggered. One example is shown below. When data packet arrives at slot n, UE does short term sensing from slot n+1 to n+A. based on the sensing result, UE does resource selection within the resource selection window, for example, resource x, y, z are selected. Before using the resource x for transmission, the UE does re-evaluation check.



Figure 3: Illustration of short term sensing + resource selection + re-evaluation check

The performance of the above two schemes are evaluated in Section 3. The results show that the PRR performance of these two schemes are very close to full sensing, and the performance of Scheme 2 is a bit better than Scheme 1 thanks to the sensing before resource selection. Furthermore, these two schemes can save more than 70% power compared to full sensing. Compared to Scheme 2, Scheme 1 is more benefit for power saving. Based on that, we propose these two schemes should be supported in NR SL. 
Proposal 3: The following two schemes should be supported for NR SL partial sensing:
· Scheme 1: partial sensing UE does random resource selection when packet arrives, and does re-evaluation/pre-emption check before using the selected resources.
· Scheme 2: partial sensing UE does short term sensing, select resources based on the sensing results, and does re-evaluation/pre-emption check before using the selected resources.

2.4. SL DRX
One of the objectives of SL enhancement is to specify SL DRX mechanism. DRX is a method for power saving in Uu interface. The network configures DRX parameter to UEs. UE wakes up during DRX on-duration for data reception, and go to sleep if there is no scheduling signaling received during DRX on-duration. If SL DRX mechanism is specified for SL, it can also be one of the mechanisms for power saving. 
Observation 2: SL DRX mechanism can be one of the mechanisms for power saving in NR SL.
Detailed SL DRX mechanism will be discussed in RAN2. Here we will discuss the relationship between SL DRX and resource selection. The SL DRX is for data reception. To guarantee the transmitter’s data can be received by the receiver, the selected resource should be within the DRX on-duration of the receiver. Otherwise, the RX UE may miss the data. Or else, the TX UE configures the DRX pattern of the RX UE so that the transmitted data can be received by RX UE. 



Figure 4 Effect of SL DRX on resource selection
The TX UE should know RX UE’s DRX parameter so that it can select the resource within the RX UE’s DRX on duration. The DRX parameters should be exchanged between TX UE and RX UE. 
Proposal 4: DRX parameters should be exchanged between TX UE and RX UE for resource selection.
Another issue of DRX and partial sensing is whether sensing can be done within DRX on duration only, or within both DRX on duration and DRX off duration. This issue was discussed in RAN2 #112-e and the following working assumption was made [2]
	Working assumption: 
SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.



This issue needs further consideration in RAN1. Depends on whether sensing is limit within on duration or not, there are the following two different methods.
· Sensing is limit within DRX on duration
To assist data reception from other UEs, it is preferred that the DRX pattern is aligned with the data pattern of transmitter UE. While the data transmission pattern of the UE is independent of the other UE, which means the data transmission pattern and the DRX pattern of the UE are independent of each other. The sensing behavior is related to data transmission and resource selection, if the sensing is limit within DRX on duration, that will impact the accuracy of sensing results. Even there is re-evaluation and pre-emption mechanism which can be used to avoid resource collision, that will cause frequently resource reselection. 


Figure 5 Sensing is limit within DRX on duration

· Sensing is not limit within DRX on duration
If sensing is not limit within DRX on duration, the sensing result can be more accurate. While the power saving gain will be affected since the UE needs to wake up frequently for sensing. If the UE is not power limit, it would be better to do sensing during DRX off duration for more accurate resource selection.


Figure 6 Sensing is not limit within DRX on duration
Observation 3:
· If sensing is limit within DRX on duration, that will affect the accuracy of resource selection.
· If sensing is not limit within DRX on duration, that will affect power saving gain.
Proposal 5: Whether sensing is limit within DRX on duration needs further discussion in RAN1. 
2.5. Wake-up signal/Go-to-sleep signal
Wake-up signal (WUS) was introduced in power saving topic in Rel-16. It can be combined with DRX to save power for terminals. Before starting the DRX on duration, gNB can send WUS or go-to-sleep (GTS) signal to UE to indicate whether UE needs to wake up for PDCCH reception. If GTS signal is received, UE will not wake up and keep sleeping, which can save power further. 


Figure 7

WUS/GTS mechanism can be applied in sidelink, especially for unicast or groupcast. If there is no SL data to be transmitted from the TX UE, it can send GTS to RX UE to keep RX UE sleeping. If GTS is not received, or WUS is received by RX UE, it should wake up for SL reception.
Proposal 6: WUS or GTS mechanism can be applied to SL for power saving.
3. Simulation results
The performance of the proposed two schemes in section 2.3 is evaluated in this section. For comparison, another two schemes (full sensing and random selection) are also evaluated. 
· Full sensing: Legacy R16 sensing procedure, full sensing + re-evaluation；
· Sleep state: no sleep
· Random selection: no sensing, randomly select resource, no re-evaluation;
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Sleep state: default state is deep sleep; For each TB, light sleep state from the first to the last selected resource;
· Scheme 1: random resource selection + re-evaluation;
· Sleep state: default state is deep sleep, no sleep for the duration from 32 slots before the first selected resource to the last selected resource. 
· Scheme 2: short term sensing (sense 32 slots) + re-evaluation
· Sleep state: default state is deep sleep, no sleep for short term sensing period and the duration from 32 slots before the first selected resource to the last selected resource, whether deep/light/micro sleep state for the duration between end of sensing and 32 slots before the first selected resource depends on the length of the duration.

Three scenarios are evaluated to compare the PRR and power consumption of different resource selection schemes. Scenario 2 and 3 can be seen as more congested scenarios compared to Scenario 1. 
· Scenario 1: aperiodic traffic with larger packet interval, BW=40MHz 
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Scenario 2: aperiodic traffic with larger packet interval, BW=20MHz
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Scenario 3: aperiodic traffic with small packet interval, BW=20MHz
· Inter-packet arrival time: 100 ms + an exponential random variable with the mean of 100 ms

The PRR performance of different scenarios are shown in Figure 8-10 respectively. The results show that random resource selection has the worst performance in all scenarios. Scheme 1 and Scheme 2 have almost the same PRR performance as full sensing in all scenarios. 

[image: ]
Figure 8 PRR performance of Scenario 1
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Figure 9 PRR performance of Scenario 2
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Figure 10 PRR performance of Scenario 3

The power reduction ratio of scheme 1, scheme 2 and random resource selection compared to full sensing are listed in the following tables. The power reduction for sensing only, and power reduction for total power consumption (including sensing, data transmission, data reception) are calculated separately. 
If power consumption for sensing is considered only, compared to full sensing, the other schemes can save more than 80% power consumption in all the evaluated scenarios. Random resource selection can save 100% sensing power since no sensing is performed. Scheme 1 can same more power compared to scheme 2 since scheme 2 has additional short term sensing. 
If total power consumption is considered, compared to full sensing, the other schemes can save more than 70% power consumption in all the evaluated scenarios. Compared between Scenario 2 and Scenario 3, the data transmitted more frequently, the less power can be saved. 
Table 1: Scenario 1, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.9562
	0.9259

	Reduction ratio for total power consumption
	0.9594
	0.9216
	0.8877



Table 2: Scenario 2, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.9563
	0.9256

	Reduction ratio for total power consumption
	0.9445
	0.9091
	0.8733



Table 3: Scenario 3, Power consumption reduction ratio of TX UE compared with full sensing
	
	Random resource selection
	Scheme 1
	Scheme 2

	Reduction ratio for sensing
	1
	0.8984
	0.8275

	Reduction ratio for total power consumption
	0.8901
	0.8117
	0.7375



4. Conclusion
In this contribution, we discuss the mechanisms to reduce power consumption in NR SL. The following observations and proposals are given:
Observation 1: if a resource pool enables random selection and partial/full sensing, the resource collision between the UE without sensing capability whose priority is P_ran, and the UE with sensing capability whose priority is higher than P_ran, cannot be avoided by re-evaluation/pre-emption check.
Observation 2: SL DRX mechanism can be one of the mechanisms for power saving in NR SL.
Observation 3:
· If sensing is limit within DRX on duration, that will affect the accuracy of resource selection.
· If sensing is not limit within DRX on duration, that will affect power saving gain.
Proposal 1: How to avoid the collision between a UE not performing any sensing and a higher priority UE performing sensing should be studied.
Proposal 2: For partial sensing in NR SL, the following mechanism can be applied:
· Resource pool configuration includes two parameters that are used for partial sensing minNumCandidateSlot, SL-ResourceReservePeriod.
· Partial sensing UE selects Y slots within resource selection window, where Y is equal to or larger than minNumCandidateSlot.
· For each slot of the selected Y slots, partial sensing UE does sensing on the slot y-P_rev, where P_rev is determined by SL-ResourceReservePeriod.
· Partial sensing UE determine candidate resource set based on the sensing result and report it to higher layer.
· If the number of resource within the candidate resource set is less than X% of the total resource of selected Y slots, UE will increase RSRP threshold by 3dB and repeat the exclusion procedure.
Proposal 3: The following two schemes should be supported for NR SL partial sensing:
· Scheme 1: partial sensing UE does random resource selection when packet arrives, and does re-evaluation/pre-emption check before using the selected resources.
· Scheme 2: partial sensing UE does short term sensing, select resources based on the sensing results, and does re-evaluation/pre-emption check before using the selected resources.
Proposal 4: DRX parameters should be exchanged between TX UE and RX UE for resource selection.
Proposal 5: Whether sensing is limit within DRX on duration needs further discussion in RAN1. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: WUS or GTS mechanism can be applied to SL for power saving.
Reference
[1] Chairman’s notes, RAN1 #103-e.
[2] Chairman’s notes, RAN2 #112-e










[bookmark: _GoBack]
Appendix

Detailed simulation settings are listed here. The following tables show the simulation setting of different scenarios

Table 4: Simulation setting for scenario 1
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

	Traffic Model
	Aperiodic Model 1 specified in TR37.885 with following changes:
−	Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
−	Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
−	Latency requirement: 100 ms

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	40MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2




Table 5: Simulation setting for scenario 2
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

	Traffic Model
	Aperiodic Model 1 specified in TR37.885 with following changes:
−	Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
−	Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
−	Latency requirement: 100 ms

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2




Table 6: Simulation setting for scenario 3
	Scenario
	Manhattan Urban P2V （3km/h）Location update is not modelled for pedestrian UE

	Amount of PUEs
	500 (Located in 9 grids)

	Traffic Model
	Aperiodic Model 1 specified in TR37.885 with following changes:
−	Inter-packet arrival time: 100 ms + an exponential random variable with the mean of 100 ms
−	Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
−	Latency requirement: 50 ms

	Cast Type
	Broadcast

	SL feedback
	Disabled

	# of re-transmission
	1

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	Channel Model
	TR 37.885 V2V Channel Model with the update for P2V and P2P

	Subchannel size
	25 PRBs

	Antenna 
	TX port：1   RX port：2
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