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Introduction
In RAN meeting #88e meeting, it is concluded that NR sidelink can be enhanced for the V2X, public safety and commercial use cases. Moreover, it is suggested that evaluation assumption and performance metric is defined for power saving by reusing TR 36.843 and/or TR 38.840. 
In this contribution, we will discuss and propose the sidelink evaluation assumption and performance metric for power saving.
Discussions 
In RAN #88e meeting, it is concluded that NR sidelink can be enhanced for the V2X, public safety and commercial use cases. Power saving is involved for both V2X and public safety and commercial use cases. Therefore, it is suggested that V2X and public safety and commercial use cases be adopted as evaluation scenarios for power saving. In addition, we believe that the evaluation conclusion for power saving in V2X scenario is usually applicable to public safety and commercial use case. Therefore, it is suggested that V2X scenario is the baseline, and public safety and commercial use case is optional for the evaluation of power saving.
[bookmark: _Toc10132][bookmark: _Toc15371]V2X, public safety and commercial use cases should be adopted for power saving.
[bookmark: _Toc21282][bookmark: _Toc1874]V2X scenario is the baseline.
[bookmark: _Toc14294][bookmark: _Toc7128]Public safety and commercial use case is optional.

Evaluation assumptions for commercial and public safety use cases
In TR 36.843, system simulation assumptions have been defined to evaluate commercial and public safety use cases. We believe that, excluding the power consumption model, most of the simulation assumptions in TR 36.843 can be reused for sidelink evaluation for power saving in the commercial and public safety use cases. For simplicity, it is suggested that evaluation assumptions in TR 36.843 should be reused as much as possible for commercial and public safety use cases. In addition, based on the discussion in section 5, the in-band emission model also needs to be modified.
[bookmark: _Toc16016][bookmark: _Toc20713]For commercial and public safety use cases, evaluation assumptions in TR 36.843 should be reused with the following modifications.
[bookmark: _Toc2834][bookmark: _Toc6333]Power consumption model is modified based on TR 38.840.
[bookmark: _Toc3932]In-band emission model needs to be modified.
Evaluation assumptions for V2X use cases
For the evaluation of power saving under V2X use cases, the evaluation focuses on the V2P/P2V links in the system level simulation. In the TR 37.885, some system level simulation assumptions are provided for the evaluation for V2P/P2V links. However, not all simulation assumptions can be found in the TR 37.885, and there are some missing simulation assumptions for V2P/P2V evaluation. In this section, we will discuss and give our suggestions for the missing simulation assumptions in the TR 37.885.
[bookmark: _Toc30288]In TR 37.885, some additional simulation assumptions for V2P/P2V evaluation should be added.
[bookmark: _Toc17906][bookmark: _Toc30620]For V2P/P2V evaluation, simulation assumptions in TR 37.885 are reused as much as possible. 

Traffic model for P2V
In TR 37.885, the traffic model of cellular UEs and vehicles is defined, but the traffic model for pedestrian UEs is not found. Based on this, it is suggested that the traffic model of pedestrian UEs in 36.885 should be adopted for the evaluation of P2V. In TR 36.885, traffic model for pedestrian UE’s transmission in case of P2V is shown as following.
· The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.
· Baseline: ‘100ms’ latency requirement 
· When another value of latency requirement larger than 100ms (e.g., 1000ms) is assumed in the evaluation, companies should explain it.
[bookmark: _Toc11471][bookmark: _Toc30510]For P2V evaluation, the traffic model of pedestrian UEs in 36.885 should be adopted.
[bookmark: _Toc14708]The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.
[bookmark: _Toc12769]Baseline: ‘100ms’ latency requirement 
Location update for pedestrian UE
In TR 37.885, it is not described whether/how pedestrian UEs perform position updating. Referring to TR 36.885, it is suggested that location update is not modeled for pedestrian UE.
[bookmark: _Toc1969][bookmark: _Toc17483]Location update is not modeled for pedestrian UE.
Fast fading channel for V2P/P2V link
Fast fading parameters for V2V link is defined in Table 6.2.3-1 in TR 37.885. Since Table 6.2.3-1 is named as ‘fast fading parameters for V2V link’, it means that the fast fading parameters of V2P/P2V links are not defined in TR 37.885. Given that the wireless channel environment for V2V is similar to that for V2P/P2V, it is suggested that fast fading parameters for V2V link in TR 37.885 is reused for V2P/P2V evaluation. Of course, considering that V2P/P2V only evaluates the urban scenario, only the fast fading parameters for V2V in the urban scenario are reused for evaluation of V2P/V2P.
[bookmark: _Toc1740][bookmark: _Toc11689]Fast fading parameters for V2V in the urban scenario in TR 37.885 are reused for V2P/P2V evaluation.

In-band emission model
In the system level simulation of sidelink, in-band emission model should be modeled, whether for power saving evaluation or other evaluation purposes. For public safety and commercial use case, in-band emission model is defined for public safety and commercial use case in TR 36.843. For the V2X use case, although in-band emission model for V2X is not defined in TR 37.885, TR 36.885 stated that in-band emission model in 36.843 is used for V2X evaluation.
Based on the above descriptions, one solution is to reuse the in-band emission model in TR 36.843. However, reusing the in-band emission model in TR 36.843 has the following problems:
· In TR 36.843, it is described that its in-band emissions should be used for simulation purposes for SC-FDMA waveforms.
· It seems that only 15 kHz subcarrier spacing is considered for in-band emission model in TR 36.843.
[bookmark: _Toc30302]Re-using the in-band emission model in TR 36.843 has the following problems:
· In TR 36.843, it is described that its in-band emissions should be used for simulation purposes for SC-FDMA waveforms.
· Only 15 kHz subcarrier spacing is considered for in-band emission model in TR 36.843.
[bookmark: _Toc24483][bookmark: _Toc5290]How to model in-band emission model should be further discussed for NR sidelink evaluation.

Power consumption model
For consumption model, it is suggested to reuse the power consumption model in TR 38.840 as much as possible. In TR 38.840, relative power consumption is defined, and the modeling of relative power consumption includes the following three steps:
· Step 1: Define the reference configuration.
· Step 2: Under the condition of reference configuration, UE power consumption model is provided for the different power states.
· Step 3: Based on the adaption of simulation parameters, the power consumption of UE configuration is scaled.
Based on the above steps, we will discuss the sidelink power consumption model. Considering that only sidelink evaluation for FR1 is performed in Rel-17 sidelink evaluation. Therefore, next, we will only discuss the power consumption model for FR1.
[bookmark: _Toc599][bookmark: _Toc10121]To reuse the power consumption model in TR 38.840 as much as possible.
[bookmark: _Toc17285][bookmark: _Toc17338]Relative power consumption is modeled for evaluation of power saving.
[bookmark: _Toc12622][bookmark: _Toc11113]Modeling of relative power consumption includes the following three steps:
[bookmark: _Toc3177][bookmark: _Toc20354]Step 1: Define the reference configuration.
[bookmark: _Toc9318][bookmark: _Toc25077]Step 2: Under the condition of reference configuration, UE power consumption model is provided for the different power states.
[bookmark: _Toc23669][bookmark: _Toc15831]Step 3: The power consumption is scaled based on the adaption of simulation parameters.
Reference configuration
With reference to TR 38.840, it is suggested that reference configuration for FR1 in Table 6-1 should be adopted for the sildelink evaluation of power saving.
Table 6-1: Reference configuration for FR1
	Reference Configuration for FR1
-	Subcarrier spacing (SCS): 30 kHz 
-	Number of carrier:  1CC, 
-	System Bandwidth: 100 MHz  
-	PSCCH region of 3 symbol at beginning of a slot, 
-	The same slot scheduling,  
-	20 PSCCH blind decoding, 
-	PSSCH of max data rate
-	Modulation:  256QAM 
-	Tx antenna configuration: 1TX chain
-	Power values are averaged over the operations within a slot.


[bookmark: _Toc104][bookmark: _Toc567]It is suggested that the reference configuration in Table 6-1 should be adopted for the sidelink evaluation of power saving.
UE power consumption model under reference configuration
With reference to TR 38.840, it is suggested that UE power consumption model for FR1 in Table 6-2 should be adopted for the different power states under the reference configuration.
Table 6-2: UE power consumption model for FR1
	Power State
	Relative Power 
	Comments

	Deep Sleep
	1 
	Accurate timing may not be maintained.

	Light Sleep
	20
	

	Micro sleep
	45
	

	Receiving and processing
	CSI-RS 
	100
	

	
	PSCCH+ PSSCH
	300 
	

	
	S-SSB 
	300 
	

	Transmitting sidelink information
	S- SSB
PSCCH + PSSCH
	250 (0 dBm)
700 (23 dBm)
	For other Tx power(for example, 31 dBm), power consumption is obtained by linear interpolation


In addition, for UE power consumption during the state transition, we suggest that Table 6-3 should be used, which is referenced from TR 38.840.
Table 6-3: UE power consumption during the state transition
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

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


[bookmark: _Toc2974][bookmark: _Toc14324]UE power consumption model in Table 6-2 should be adopted for the different power states under the reference configuration.
[bookmark: _Toc12925][bookmark: _Toc11601]Table 6-3 is adopted for UE power consumption during the state transition.
UE power consumption scaling for adaptation
With reference to TR 38.840, it is suggested that UE power consumption scaling for FR1 in Table 6-4 should be adopted.
Table 6-4: UE power consumption scaling for adaptation
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (RX)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. 
Valid only for X = 5, 10, 15, 20, 40, 80, and 100.
	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 (TX)
	No scaling
	

	PSFCH(RX)
	FFS
	

	PSFCH(TX)
	PSFCH power = 0.3 x power consumption of transmitting PSCCH + PSSCH
Reference config consists of 2-symbol PSFCH
	


[bookmark: _Toc6988][bookmark: _Toc27624]UE power consumption scaling in Table 6-4 should be adopted.


Conclusion
This contribution discusses sidelink evaluation methodology for power saving. Based on these discussions, we have the following observations and proposals.
Observation 1: In TR 37.885, some additional simulation assumptions for V2P/P2V evaluation should be added.
Observation 2: Re-using the in-band emission model in TR 36.843 has the following problems:
· In TR 36.843, it is described that its in-band emissions should be used for simulation purposes for SC-FDMA waveforms.
· Only 15 kHz subcarrier spacing is considered for in-band emission model in TR 36.843.

Proposal 1: V2X, public safety and commercial use cases should be adopted for power saving.
• V2X scenario is the baseline.
• Public safety and commercial use case is optional.
Proposal 2: For commercial and public safety use cases, evaluation assumptions in TR 36.843 should be reused with the following modifications.
• Power consumption model is modified based on TR 38.840.
• In-band emission model needs to be modified.
Proposal 3: For V2P/P2V evaluation, simulation assumptions in TR 37.885 are reused as much as possible.
Proposal 4: For P2V evaluation, the traffic model of pedestrian UEs in 36.885 should be adopted.
• The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.
• Baseline: ‘100ms’ latency requirement
Proposal 5: Location update is not modeled for pedestrian UE.
Proposal 6: Fast fading parameters for V2V in the urban scenario in TR 37.885 are reused for V2P/P2V evaluation.
Proposal 7: How to model in-band emission model should be further discussed for NR sidelink evaluation.
Proposal 8: To reuse the power consumption model in TR 38.840 as much as possible.
Proposal 9: Relative power consumption is modeled for evaluation of power saving.
Proposal 10: Modeling of relative power consumption includes the following three steps:
• Step 1: Define the reference configuration.
• Step 2: Under the condition of reference configuration, UE power consumption model is provided for the different power states.
• Step 3: The power consumption is scaled based on the adaption of simulation parameters.
Proposal 11: It is suggested that the reference configuration in Table 6-1 should be adopted for the sidelink evaluation of power saving.
[bookmark: _GoBack]Proposal 12: UE power consumption model in Table 6-2 should be adopted for the different power states under the reference configuration.
Proposal 13: Table 6-3 is adopted for UE power consumption during the state transition.
Proposal 14: UE power consumption scaling in Table 6-4 should be adopted.
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Appendix
Table 9-1: Details of Deployment Scenarios in TR 36.843
	
	General Scenarios
	Public Safety Scenarios

	LTE Layout
	Option 1 shall be mandatory
Others layouts are optional in order of decreasing priority:
Option 2 / Option 3
Option 4
Option 6
	Option 5 shall be mandatory
Others layouts are optional in order of decreasing priority: 
Option 3
Option 1

	Carrier Frequency
(Note: The performance at 2GHz is expected to be different from the performance at 700MHz.)
	2GHz
	700 MHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
	10MHz Uplink and  10MHz Downlink for FDD, 20MHz for TDD for  in-coverage and partial-coverage scenarios,
10MHz dedicated spectrum for out-of-coverage scenarios

	Network operation
	100% eNodeBs enabled
	0%  eNodeBs enabled
100% eNodeBs enabled
3-site clustered eNodeB enabling pattern for 19 cells layout as shown in Figure A.2.1.1-1 for partial-coveragea

	UE out-of-coverage criterion
	N/A
	Average SINR < -6 dB over system bandwidth. 

	Network synchronization
	All cases shall be treated with equal priority: 
· all eNodeBs synchronized
· eNodeBs on different carriers not synchronized
· eNodeBs on a given carrier not synchronized
	

	UE mobility (only used for small scale Doppler modeling of channels)
	3 km/hr
	60km/h for outdoor UEs in Option 5. 
3km/h for all other cases.

	UE RF parameters
	Max transmit power of  23 dBm for non public safety, 23 dBm, 31 dBm for public safety
1 Tx (2 Tx optional for public safety only), 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9 dB

	eNodeB RF parameters
	As specified in 3GPP Case 1, except for Option 5 which uses parameters as specified in 3GPP Case 3 (Table A.2.1.1.1 of [3])

	Non D2D traffic
	With probability {X}, a UE has non D2D (downlink & uplink) traffic.
WAN traffic source shall be FTP2.

	Total number of active UEsb  per cell areac

	Layout Option 1
Indoor-outdoor mix: 25

	Layout  Option 5
Indoor-outdoor mix: 10
Uniform (outdoor): 10
Hotspot: 10

	Total number of UEs (including active UEsb) for discovery  per cellc
	Layout Option 1
Indoor-outdoor mix: 150
	Layout  Option 5
Indoor-outdoor mix: 150
Uniform (outdoor): 150
Hotspot: 150

	Number of UEs participating in a D2D communication session
	Unicast : 2
Groupcast: N/A
Broadcast: N/A
	Unicast: 2
Groupcast: 10 (One transmitter UE and 9 (Ngr) receiver UEs)
Broadcast: One transmitter UE and variable number of receiver UEs based on the association procedure defined in Section A.2.1.1.3

	Average number of  communication sessions  per cellc
	Unicast: 12(Nu)
Groupcast: N/A
Broadcast: N/A
	Unicast : 12 (Nu)
Groupcast: 3 (Ng)
Broadcast: 3 (Nb), other optional values can be used.

	UE drop for all UEs, for both discovery and communication evaluations
	For layout options 1,2, 4:
· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).
· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoor, and 80% UEs are indoor.d

For layout option 3, 5, 6: 
· Uniform drop: All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped outdoors. No buildings are dropped.
· Hotspot drop : 
· Randomly select an area within each cell area.
· Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.
· Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.
· All UEs are dropped outdoors.
· No buildings are dropped.
· Minimum distance between eNodeB and Hotspot centere: 75m
· Minimum distance between Hotspot centers: 80m

Additionally for layout option 5:
· Drop 2 RRH buildings (without RRHs) in each cell area. (See A.2.1.1.5 in [3])
· Drop 2/3 of UEs inside of the dropped buildings and 1/3 of UEs uniformly over geographical area. Keep the indoor-outdoor user distribution, so that 80% of terminals are indoor UEsd and 20% of UEs are outdoor UEs.


	UE association for unicast D2D communication
	Refer to Section A.2.1.1.1

	UE association for groupcast D2D communication 
	N/A
	Refer to Section A.2.1.1.2

	UE association for broadcast D2D communication  
	N/A
	Refer to Section A.2.1.1.3

	UE association for Relay D2D communication 
	N/A
	First UE is randomly selected from all UEs without eNodeB coverage and 2nd UE is selected from the UEs within eNodeB coverage 



	Minimum distance between eNodeB and building centere
	100 m, applicable to Option 1 and Option 5 (Indoor-outdoor mix)

	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	Wraparound
	Wraparound is used for all cases except partial-coverage, for which no wraparound is used.

	Minimum association RSRP for D2D communication (X) 
	-107dBm, -112dBm

	Receiver dynamic range (In case of no blocker signals and 10MHz bandwidthf) 
	Between 68.5dB and 72dB

	AGC settling timeg
	within one LTE symbol (up to 70us)h

	Initial frequency offset error
	within ±10ppm

























Table 9-2: Recommended system level simulation assumptions for V2P/P2V evaluation
	Parameters
	Description

	SL frequency (GHz)
	6, 30

	SL simulation bandwidth (MHz)
	20 MHz for 6 GHz
100 MHz for 30 GHz

	Simulation scenario
	Urban grid scenario

	Vehicle UE drop and mobility model
	As defined in TS 37.885

	pedestrian UE drop
	Pedestrian UEs are dropped following the procedure in 36.885.

	Traffic models for VUEs
	Periodic and aperiodic traffic as defined in TS 38.885 and 37.885.
Periodic and aperiodic traffic are simulated separately.

	Traffic models for PUEs
	For P2V evaluation, the traffic model of pedestrian UEs in 36.885 should be adopted.
· The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.
· Baseline: ‘100ms’ latency requirement. 

	Antenna model for vehicle UE
	Option 1 as defined in TS 37.885

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz
FFS for 30 GHz

	Antenna model for pedestrian UE
	As defined in TS 37.885

	Number of Tx/Rx antenna elements for pedestrian UE
	2Tx/4Rx for 6 GHz
FFS for 30 GHz

	Channel model for V2P/P2V
	As defined in 37.885, with the following additions
· Fading parameters for V2V in Table 6.2.3-1 in TR 37.885 are reused for V2P/P2V evaluation.
· Pedestrian UE speed is 3 km/h. 
· Location update is not modeled for pedestrian UE.

	UE Tx power 
	Vehicle/pedestrian UE: 23dBm

	UE receiver noise figure
	Below 6 GHz: 9 dB 
Above 6 GHz: 13 dB (baseline), 10 dB (optional)
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