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At RAN1#88-e, the WID on NR sidelink enhancements in Rel-17 was finalized [1]. Within the course of this WI, power savings are to be addressed for at least Vulnerable Road Users (VRUs) and public safety users. One of the objectives is as follows:
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
In this contribution, we discuss the power saving evaluation methodology.
Existing power saving models
RAN1 has defined two power saving methodologies: one for LTE in [2], one for NR in [3]. In this section we discuss these two methodologies.
LTE methodology
The power saving methodology was defined in Rel-12 for D2D evaluations and is explained in Section A.2.1.6. of [2] (relevant text copied below):
	Sleep power = 0.01 unit per sub-frame
-	RX Power = 1 unit per sub-frame
-	TX power 
-	20 unit per sub-frame for 31 dBm 
-	1 unit per sub-frame for 0 dBm and below
-	Linearly scaled with transmit power between 1mW and 10^3.1mW
-	Assume 8 sub-frames are accumulated for synchronization with WAN
-	Synchronization is assumed to be reliable for 0.5s
-	GPS power = 0.08 unit per sub-frame
-	Average power consumption when GPS is used
-	Always on independently of other communications
[…]
Paging cycle of 1.28 seconds is assumed.
NR methodology
The NR methodology is defined in Section 8.1 of [3]. First, a reference configuration is defined:
Downlink: TDD 
-	Subcarrier spacing (SCS): 30 kHz 
-	Number of carrier:  1CC, 
-	System Bandwidth: 100 MHz  
-	PDCCH region of 2 symbol at beginning of a slot, 
-	k0 = 0, 
-	maximum number of CCEs = 56, 
-	36 PDCCH blind decoding, 
-	PDSCH of max data rate
-	Modulation:  256QAM 
-	MIMO configuration: 4x4 MIMO, 
-	Number of RBs for TRS = 52, 
-	4RX UE Capability =1
-	Uplink: TDD
-	Subcarrier spacing (SCS): 30 kHz SCS, 
-	Number of carrier: 1CC, 
-	System Bandwidth: 100MHz, 
-	Tx antenna configuration: 1TX, 
-	Power levels: 0dBm and 23dBm
Then, a power level per slot depending of the operation is defined:
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)


Finally, some scaling factors are defined to account for e.g., different bandwidths:
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.

If the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified.

	BWP Bandwidth (UL)
	No scaling at 0dBm or 23dBm
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	

	CA (DL)
	2CC is 1.7x1CC
4CC is 3.4x1CC (i.e. 2x 2CC)
Above refers to the worst case CA configuration in terms of power consumption.
	Activation/deactivation delay follows RAN4 specification; FFS transition energy
Applicable for FR1 and FR2

	CA (UL)
	Same as downlink at 0dBm. No scaling at 23dBm
2CC is 1.2x1CC at 23dBm
Limit scaling up to 2CC.
	Applicable for FR1 and FR2

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power for FR1
1Rx power is 0.7x 2Rx power for FR2
	
Assume same number of antenna elements per Rx chain

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm FR1 only
	
2Tx support is not considered for FR2.


	PDCCH-only
	Power of cross-slot scheduling is 0.7x same-slot scheduling

	Applicable for FR1 and FR2

	SSB
	
One SSB power is 0.75 of two SSB power, i.e. 75 power units

	

	PDSCH-only slot
	280 for FR1
325 for FR2
	This assumes the same number of PDSCH symbols as in the PDCCH+PDSCH case.

	CSI-RS
	FFS for scaling w.r.t. # of symbols for CSI-RS

	

	Short PUCCH
	Short PUCCH power = 0.3 x uplink power
Reference config consists of 1-symbol PUCCH
	Applicable for FR1 and FR2.

	SRS
	SRS power = 0.3 x uplink power
	Applicable for FR1 and FR2.


Proposal for NR Sidelink
As it can be seen, the evaluation methodology for NR is more detailed than for LTE. It also accounts for the changes in parameter, such as BWP bandwidth or antenna scaling. These parameters are also scalable for NR sidelink. In addition, the physical layer of NR sidelink is similar to NR eMBB. Thus, we suggest to use the NR Uu methodology as the baseline for power evaluations on the sidelink. Generally speaking, the DL parameters can be used for reception on the sidelink, and the uplink parameters for sidelink transmission,
Proposal 1:
· UE the power saving methodology of TR38.840 as the baseline for power evaluations on the sidelink
· Define a reference configuration for sidelink
· Define power level per slot on the sidelink
· Define scaling table for the sidelink
Details of power saving methodology for sidelink
Reference configuration for sidelink
Similar as for the UL and DL, a SL reference configuration is needed. For the subcarrier spacing, both UL and DL use 30kHz. We suggest using the same value. For the system bandwidth, DL and UL use 100MHz. For the SL, 20MHz is more appropriate: the traffic requirements for VRUs are quite limited since they essentially need to indicate when they step in vehicular traffic. Public safety throughput requirements are also generally lower since voice still is the main considered traffic. In addition, a subchannel size needs to be selected. Given that the data rate requirements are quite low, a small subchannel size should be chosen. Thus, we propose to select 5 PRBs for the subchannel size. We also suggest having the resource pools occupying the whole carrier. This provides the number of PSCCH candidates a UE has to attempt to decode.
For PSSCH reception, since the data rates are relatively low, the maximum modulation should be 64-QAM. Two transmit antennas for reception are used with one-layer transmission. For transmission, we suggest 1 TX (same as UL), power levels of 0dBm and 23 dBm (same as UL).
Proposal 2:
The reference configuration for sidelink is as follows:
-	Subcarrier spacing (SCS): 30 kHz  
-	System Bandwidth: 20 MHz  
-	Subchannel size: 5 PRBs
-	Resource pool occupies the entire carrier
-	PSSCH of max data rate
-	Modulation:  64-QAM 
-	One layer transmission 
 -	Rx antenna configuration: 2RX, 
-	Tx antenna configuration: 1TX, 
-	Power levels: 0dBm and 23dBm
Power per slot on the sidelink
For the sidelink, a table similar to Table 18 of [3] can be defined. There are some differences:
· It is not clear if deep/light/micro sleep will all be defined. However, given that RAN2 will work on DRX it is better to assume that these 3 stages are defined
· The sidelink transmission is shorter than a cellular one since the last symbol of the slot is a guard symbol. However, given that all powers are defined relative to a slot with deep sleep operation, this can be ignored.
· A sidelink UE needs GNSS. No such model is defined for NR, thus we propose to reuse the LTE model. 
· PDCCH is replaced with PSCCH/second stage SCI 
· PDSCH is replaced with PSSCH reception
· UL is replaced with SL transmission
· SSB is replaced with S-SSB
· The number of occupied symbols varies with the presence/absence of PSFCH. Power consumption values are linearly scaled accordingly.
With that in mind, we propose the following:
Proposal 3: the power per slot for the sidelink are given as follows.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 


	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	GNSS reception
	This power is additive to other operations performed during the slot
	[8]

	PSCCH/second stage SCI reception
	No PSSCH in the same slot; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	[100]

	S-SSB.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. 
	100

	PSCCH + PSSCH reception
	PSCCH + PSSCH occupying the entire slot. If PSFCH present/absent, the power is linearly scaled up/down 
	300 

	UL
	For the entire slot. Linearly scaled up or down if PSFCH transmission only, PSSCH+PSFCH, or PSSCH only 
	250 (0 dBm)
700 (23 dBm)


Scaling factor
The scaling parameters are straightforward to defined based on the existing cellular ones. It is noted that the resource pool bandwidth scaling has to be addressed. This can be done by using the same formula as BWP scaling, but removing the restriction that in can be only done for multiple of 20 MHz.
Proposal 4: the scaling factors for the sidelink are given as follows:
	Scaling for FR1
	Proposal
	Comment

	SL BWP Bandwidth reception
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. 

	

	SL BWP Bandwidth transmission
	No scaling at 0dBm or 23dBm
.
	

	SL RP Bandwidth reception
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. 

	

	SL RP Bandwidth transmission
	No scaling at 0dBm or 23dBm
.
	

	Antenna scaling (DL)
	1Rx power is 0.7x 2Rx power
	
Assume same number of antenna elements per Rx chain

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm
	
2Tx support is not considered for FR2.




[bookmark: _Ref129681832]Conclusions
The power evaluation methodology for the sidelink was discussed We propose the following:
Proposal 1:
· UE the power saving methodology of TR38.840 as the baseline for power evaluations on the sidelink
· Define a reference configuration for sidelink
· Define power level per slot on the sidelink
· Define scaling table for the sidelink
Proposal 2:
The reference configuration for sidelink is as follows:
-	Subcarrier spacing (SCS): 30 kHz  
-	System Bandwidth: 20 MHz  
-	Subchannel size: 5 PRBs
-	Resource pool occupies the entire carrier
-	PSSCH of max data rate
-	Modulation:  64-QAM 
-	One layer transmission 
 -	Rx antenna configuration: 2RX, 
-	Tx antenna configuration: 1TX, 
-	Power levels: 0dBm and 23dBm
Proposal 3: the power per slot for the sidelink are given as follows.
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 


	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	GNSS reception
	This power is additive to other operations performed during the slot
	[8]

	PSCCH/second stage SCI reception
	No PSSCH in the same slot; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	[100]

	S-SSB.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. 
	100

	PSCCH + PSSCH reception
	PSCCH + PSSCH occupying the entire slot. If PSFCH present/absent, the power is linearly scaled up/down 
	300 

	UL
	For the entire slot. Linearly scaled up or down if PSFCH transmission only, PSSCH+PSFCH, or PSSCH only 
	250 (0 dBm)
700 (23 dBm)


Proposal 4: the scaling factors for the sidelink are given as follows:
	Scaling for FR1
	Proposal
	Comment

	SL BWP Bandwidth reception
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. 

	

	SL BWP Bandwidth transmission
	No scaling at 0dBm or 23dBm
.
	

	SL RP Bandwidth reception
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. 

	

	SL RP Bandwidth transmission
	No scaling at 0dBm or 23dBm
.
	

	Antenna scaling (DL)
	1Rx power is 0.7x 2Rx power
	
Assume same number of antenna elements per Rx chain

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm
	
2Tx support is not considered for FR2.
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