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Introduction
In RANP #86, it was agreed that:
“The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
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#88) [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 NR SL power consumption modeling; and evaluation assumptions and methodologies for NR V2X and public safety use cases. 
[bookmark: _Hlk47624298]Sidelink Power Consumption Modelling
During RAN1 #102e, the following agreements on modelling SL power consumption were reached:
Agreements:
· For reference configuration for power consumption model,
· 14 SL symbols in a slot (including AGC and TX-RX switching period) 
· SL sub-carrier spacing (SCS)
· 30 kHz SCS for FR1
· SL BWP size
· 100 MHz for FR1
· 2 OFDM symbols for PSCCH (excluding AGC symbol)
· TX antenna  port (AP)
· 1 TX AP for FR1
· RX AP
· 4 RX APs for FR1
· TX power of {0 dBm, 23 dBm} for FR1 
· Note that FR2 is not precluded as an optional/additional reference configuration, and companies are encouraged to provide power consumption model for FR2.
· Note that 15 kHz SCS is not precluded as an optional/additional reference configuration, and companies are encouraged to provide power consumption model for 15 kHz SCS.

Agreements:
· For evaluation, the followings are baseline
· 2 RX APs 
· 1 TX AP
· 40 MHz for SL BWP size 
· Note that parameters or cases other than baseline is not precluded for evaluation, and companies are encouraged to provide the assumptions in details. 
 
Agreements:
· For power consumption scaling for adaptation, 
· (Working assumption) Scaling of SL BWP size adaptation in RX perspective
· X MHz is (0.4 +0.6*(X-20)/80)*100 MHz
· Scaling for SL BWP size adaptation in TX perspective
· No scaling
· Scaling for RX AP adaptation for FR 1
· 2 RX is 0.7*4 Rx power
· Note that scaling for adaptation on other parameters is not precluded for power consumption model, and companies are encouraged to provide the assumptions in details. 

Agreements:
· For power consumption level,
· Reuse three states of “Sleep” specified in TR38.840 including transition time/energy consumption
· (working assumption) For “PSCCH/PSSCH RX”,
· In non-PSFCH-slot (i.e., the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “PDCCH+PDSCH”
· For power consumption level of “PSCCH/PSSCH TX” 
· In non-PSFCH-slot (i.e. the number of PSCCH/PSSCH symbols is 13), 
· the power consumption level is the same as that of “UL” for long PUCCH or PUSCH
· For power consumption level of “1st SCI/2nd SCI RX”, 
· the power consumption level is [0.7]* power consumption level of “PSCCH/PSSCH RX”
· For power consumption level of “PSFCH TX”, 
· the power consumption level is [0.3]*power consumption level of “UL” for long PUCCH or PUSCH
· (Working assumption) For power consumption level of “PSFCH RX”, 
· the power consumption level is power consumption level of “PDCCH-only” for cross-slot scheduling
· For power consumption level of “S-SSB TX” (in 13 symbol duration), 
· the power consumption level is the same as power consumption level of “UL” for (long PUCCH or PUSCH)
· For power consumption level of “S-SSB RX”, 
· the power consumption level is [1.5]*power consumption level of “Uu SSB-processing”
· The power consumption level of “GNSS-processing” is 8 
· When the synch reference source is gNB, reuse power consumption level of “Uu SSB processing”
· Power consumption level of “SL-CSI-RS processing” is not separately defined
· Note that power consumption level of other Power states is not precluded, and companies are encouraged to provide the assumptions in details.

Considering the BW scaling of 0.55 and the RX antenna scaling of 0.7, the total scaling factor for Uu power consumption is 0.385. The reference powers after scaling are captured in the table below:
Table 1: A UE power consumption model for FR1 with BW = 40MHz and 2Rx antennas
	Power State
	Characteristics
	Relative Power 
	After scaling 

	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)
	1

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

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

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100
	50
Based on Rel. 16 power saving WI, any power consumption level below 45, corresponding to micro sleep, should be replaced by 50. 

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 
	115.5

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



Based on the abovementioned power consumption levels, the SL power consumption levels, as agreed in the last meeting, can be summarized as follows:
Table 2: Rx power consumption levels for SL with BW = 40MHz and 2Rx antennas
	Rx State
	Reference power

	Only PSCCH/PSSCH (in a non-PSFCH slot)
	115.5

	Only SCI-1/SCI2
	0.7*PSCCH/PSSCH = 80.85

	Only PSFCH
	= PDCCH only for x-slot scheduling 
= 27 which should be mapped to 50



Table 3: Tx power consumption levels for SL BW = 40MHz and 1Tx antenna
	Tx State
	Reference power
	Comments

	Only PSCCH/PSSCH (in a non-PSFCH slot)
	250 (0dBm)
700 (23dBm)
	

	Only PSFCH

	With interpolation:
102 (0dBm)
285 (23dBm)
	In Rel. 16, a scaling factor of 0.3 was used to determine the power of short PUCCH with a single symbol. For PSFCH, 3 symbols (2+1 for AGC) should be assumed. A better approach then is to interpolate between the power needed for a 1-symbol PUCCH and 14-symbol PSCCH/PSSCH.



Next, we present the power consumption levels for some of the Rx and Tx states which were not considered in the RAN1 agreement so far. The power consumption levels are captured in the following two tables: 
Table 4: Power consumption levels for the remaining SL Rx states with BW = 40MHz and 2Rx antennas
	Rx State
	Reference power
	Comments

	PSCCH/PSSCH + PSFCH
	115.5
	Approximated by PSCCH/PSSCH

	PSCCH/PSSCH only in PSFCH slot
	91.7
	10 symbols used for reception
Interpolation between the power of PSCCH/PSSCH and PSFCH only.

	Sensing only (SCI-1)
	50
	Approximated by the power for PDCCH only with BD reduction; Assuming 10 PSCCH decoding:
Max(0.28*50 + 0.72*0.7*50,50) 

	Sensing only + PSFCH Rx 
	85.75
	Interpolation between SCI1 only and PSCCH/PSSCH. 
Assuming 9 symbols is used (3 for PSCCH+3 for buffering + 2 for PSFCH + 1gap when RF is ON.) This is under the assumption that 5 symbols is enough for micro-sleep.



Table 5: Power consumption levels for the remaining SL Tx states with BW = 40MHz and 1Tx antenna
	Tx State
	Reference power
	Comments

	PSCCH/PSSCH + PSFCH 
	250 (0dBm)
700 (23dBm)
	The same as PSCCH/PSSCH + PSFCH


	PSCCH/PSSCH in PSFCH slot
	196 (0dBm)
550 (23dBm)
	Interpolation assuming a 10-symbol transmission 



Finally, it should be noted that the above analysis assumes that the modulation order of 256QAM is used. However, for both V2X and public safety use cases, the modulation orders are expected to be equal or smaller than 64QAM. Hence, RAN1 should identify scaling factors to account for the impact of the modulation order on the overall SL power consumption.
[bookmark: _Toc54379263]Proposal 1: RAN1 should identify scaling factors to account for the impact of the modulation orders below 256QAM on the overall SL power consumption.
Evaluation Assumptions and Methodologies for V2X 
In this section, we discuss evaluation assumptions for power savings in V2X applications based on [6] and [7].
[bookmark: _Hlk47694704]Evaluation Scenarios
[bookmark: _Hlk47694712]Urban scenarios are more likely to have a mix of power-sensitive and always-on UEs than highway scenarios. Therefore, they could provide better insights into how a power saving scheme would perform in deployment.
[bookmark: _Toc54379259]Observation 1: Urban scenarios can provide better insights into power saving evaluations for V2X applications.
UE Drop and Mobility Modelling
The vehicular UE drop and mobility model from [7] can be reused; and for pedestrian UEs, modelling from [8] can be reused with the addition of 1000 pedestrians as a simulation assumption to better reflect pedestrian density.
[bookmark: _Toc54379264]Proposal 2: Introduce 1000 as the number of pedestrian UEs for power saving evaluations for V2X applications.
Traffic Model
The traffic models from [7] can be reused, but discussion is needed on what inter-packet arrival times and what packet sizes to use for traffic to and from power-sensitive UE. In our view, the following traffic model could be added to address both V2P and P2V traffic:
· Aperiodic traffic
· Model 3:
· 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 and 800 bytes with the quantization step of 200 bytes.
· Latency requirement: 100ms
[bookmark: _Toc54379265]Proposal 3: Introduce the following additional traffic model for power saving evaluations for V2X applications:
· Aperiodic traffic
· Model 3:
· 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 and 800 bytes with the quantization step of 200 bytes.
· Latency requirement: 100ms
Other than the details of traffic models, it is important to discuss how to mix traffic models. Some evaluations will contain two types of UEs: always-on UEs (e.g. vehicles, RSUs, …) and power-sensitive UEs (e.g. pedestrians). It is reasonable to consider the use of different traffic types (V2V, V2P, and P2V) and associated models simultaneously in such an evaluation. 
[bookmark: _Toc54379266]Proposal 4: Use a mix of traffic models for power saving evaluations with a mix of UE types for V2X applications.
Evaluation Assumptions and Methodologies for Public Safety 
In this section, we first, based on [2], propose a set of evaluation assumptions for public safety.
Deployment Layouts
The following options can be considered:
· Urban macro layout with 1732m ISD (Option 5 from [2])
· Urban macro layout with 500m ISD (Option 3 from [2])
Both layouts are based on a hexagonal grid with 7 or 19 macro sites; each macro site consists of 3 cells (sectors). One of the two layouts (e.g., the first one) can be considered as the basis for the evaluations, while the other one is optional. 
Additional details on the deployment scenarios are given in the table below:
	PARAMETER
	VALUE

	Carrier Frequency
	700MHz

	System Bandwidth

	10MHz

	Wraparound
	Considering an OOC scenario, a wraparound of the layouts should be considered.


	UE Mobility
	3kmph and 60kmph (optional)

	Maximum TX Power
	23dBm or 31 dBm 

	Number of Antennas
	1T2R

	Antenna Gain
	0dBi

	Noise figure
	9dB

	Number of UEs participating in a D2D communication session
	Unicast: 2
Groupcast: 10 (One is a TX UE)
Broadcast: One TX, a random number of RX-UEs as a result of association phase

	Average number of communication sessions per cell
	Unicast: 12
Groupcast: 3 (One is a TX UE)
Broadcast: 3 or other optional values
Note: These are average values since the TX and RX-UE distribution is uniform over the whole layout of 7 or 19 sites and session initiator TX UEs do not have to be equally distributed to cells.

	Uniform Drop (for Option 3 and 5 of [2])
	All UEs are randomly and uniformly dropped throughout the layout. All UEs are outdoor and no buildings are dropped.

	Indoor-Outdoor mixture of UEs (for Option 3 and 5 of [2])
	1. Drop exactly 2 buildings in each cell area such that they are not overlapping.
2. Drop 2/3 of UEs inside the buildings and 1/3 uniformly over the layout.
3. By naming some of the outdoor UEs as virtually indoor UEs (if the ratio of indoor UEs is less than 80 %) maintain the indoor-to-outdoor ratio as 4/1.

	Option 3
	Same as Option 5.

	Minimum distance between UEs
	>= 3m

	Minimum association RSRP for D2D
	TBD
Note: RAN1 should clearly define how the RSRP is measured. In particular, which Tx power and transmission BW should be considered.


Dropping and Association for Different Cast Types
The following guidelines can be considered for UE dropping and association:
· Only one cast type per simulation is assumed.
· The traffic is always unidirectional from a pre-defined source UE to other UE(s). The pre-defined source is always the first randomly selected UE in all cast types.
· The association RSRP threshold is calculated by taking only the transmit power, the large scale pathloss between the communicating UEs, and the shadowing into account. 
· For unicast: 150 UEs are dropped per cell. One UE is selected randomly within all UEs on the layout as the TX-UE and corresponding unicast pair, the RX-UE, is selected within the remaining UEs such that it satisfies the RSRP association requirement. 12 such pairs are chosen on average per cell.
· For groupcast: 150 UEs are dropped per cell. One UE is selected randomly within all UEs on the layout as the TX-UE. 9 RX-UEs are associated to this TX-UE using the RSRP threshold. 3 such groups are chosen on average per cell.
· For broadcast: 32 UEs are dropped per cell. One UE is selected randomly within all UEs on the layout as the TX-UE. Continue until 3 TX-UEs per cell (on average) are selected. For all remaining RX-UEs, associate a potential RX-UE to each one of TX-UEs using the RSRP threshold. There is no limit on the number of sessions that a given RX-UE listens to except the total number of TX-UEs. Similarly, there is no defined number for the associations of a TX-UE.
Channel Models
	Model/Parameter
	Value/Formulation

	Outdoor-to-outdoor
	

	Pathloss
	Winner+ B1 (Urban micro model) with antenna heights 1.5m and hexagonal layout.

	LOS probability
	Winner II with B1 model given in Table 4-7 of [9]

	Shadowing
	Log-normal with std = 7 dB, i.i.d.

	Fast Fading Model
	ITU-R IMT Urban micro LOS and NLOS (Annex 1.3.2) [3].

	Outdoor-to-indoor
	

	Pathloss
	Winner+ B1 (Urban micro model) with additional penetration loss of 20 dB, indoor loss of 0.5d_in, antenna heights 1.5m, and hexagonal layout for LOS path. For NLOS path, subtraction of 0.8h_MS from the LOS value above.
Note: d_in is the indoor UE’s distance from the wall on the path to the outdoor UE. h_MS is the antenna height of the UE.

	LOS probability
	ITU-R IMT Urban micro on Table A1-3 [3].

	Shadowing
	Log-normal with std = 7 dB, i.i.d.

	Fast Fading Model
	ITU-R IMT Urban micro O2I (Annex 1.3.2 [3])

	Indoor-to-indoor
	

	Pathloss
	InH (indoor hotzone) model in [4], Table A2.1.1.5-1.

	LOS probability
	ITU-R IMT Urban micro on Table A1-3 [3].

	Shadowing
	Log-normal with std = 3 dB for LOS UEs in the same building
Log-normal with std = 4 dB for NLOS UEs in the same building
Log-normal with std = 10 dB for UEs in different building
For all cases, shadowing i.i.d.

	Fast Fading Model
	ITU-R IMT InH (Annex 1.3.2) for both LOS and NLOS [3].



Public Safety Requirements
In [5], the KPIs for some of the mission critical services (such as push-to-talk, video and data) are listed:
	Packet Delay Budget
	Packet Error
Rate
	Example Services

	75ms
	
	Mission Critical user plane Push-to-Talk voice (e.g., MCPTT)

	100ms
	
	Mission Critical Video

	60ms
	
	Mission Critical delay sensitive signaling (e.g., MC-PTT signaling)

	200ms
	
	Mission Critical Data (e.g. Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.))



As is evident from the table above, the requirements are diverse. Based on these set of requirements as a starting point, RAN1 should adopt a set that could cover different public safety use cases. In addition to the PDBs and packet error rates, the expected communication range and the number of users in each group around an incident area should also be decided for evaluations.  
[bookmark: _Toc54379267]Proposal 5: For performance evaluation of public safety services, RAN1 should select a set of traffic patterns and requirements in terms of latency, reliability, range and number of supported UEs that can cover a diverse set of use cases.
[bookmark: _Public_Safety_System]Public Safety System Level Evaluation Results
A sample scenario is considered for NR sidelink public safety performance evaluations based on a selection over the diverse set of parameters listed in the preceding sections. The scenario of interest covers the broadcast MCPTT voice service and the system parameters for which a selection is made within the possible values are provided in the table. 
	PARAMETER
	VALUE

	Wraparound
	Considered

	UE Mobility
	3kmph

	Maximum TX Power
	31 dBm 

	Number of Antennas
	1T2R

	Antenna Gain
	3dBi

	Cast Type
	Broadcast

	Number of UEs participating in a D2D communication session
	One TX, a random number of RX-UEs as a result of association phase

	Average number of communication sessions per cell
	3 TX UEs per cell on average


	Layout
	Option 5 with ISD = 1732m

	Number of Sites
	7 sites each with 3 cells

	Drop Type
	All UEs are randomly and uniformly dropped throughout the layout. All UEs are outdoor and no buildings are dropped.

	Minimum association RSRP for D2D
	-107 dBm for nominal scenario can change for observing association characteristics.

	Packet Delay Budget
	75ms

	Packet Error Rate
	< 10-2

	Traffic Type
	VoIP traffic with 20 ms voice payload of 41 bytes. Alternating speech and talk spurt events with exponentially distributed durations of average length 2.5 and 0.833 seconds, respectively. 

	Number of transmissions per VoIP payload
	1,2, or 4 transmissions for different evaluations, where all the re-transmissions following the first transmission are blind.  



System level evaluation is done for a network of 672 UEs (32 of which are randomly selected as broadcasting TX UEs). Three separate simulations are run such that a minimum 3250, 2300, and 1450 distinct packets (VoIP payloads) are transmitted by a TX UE for 1 TX, 2 TX, and 4 TX test cases.
The association for RX UEs follows the RSRP threshold check, where a viable RSRP threshold of -107 dBm is selected after conducting experiments on successful decoding event of the PSSCH transmitted under the deteriorating effects of pathloss, shadow fading, and interference resulting from the other broadcasting UEs in the network. In particular, since the payload for VoIP traffic is small, the transmissions on PSSCH are QPSK modulated with a relatively low code rate, which allows for selection of lower RSRP threshold. 
The association for the given parameters in this section can be investigated from different viewpoints. One way of identifying the association performance would be by observing the cumulative distribution function (CDF) of the distances for which RX UEs are able to be associated with a broadcasting TX UE. Figure 1 provides the CDF for successfully associated link distances. It can be deduced that an RX UE have to be in close proximity of a TX UE for a successful association. In particular, for the selected association RSRP threshold of -107 dBm, %90 of the RX UEs are within 1 km distance from a TX UE. One also should consider the fact that an RX UE can receive from more than one broadcast sessions as long as it is associated to them.
[image: ]
Figure 1. CDF of distance for associated RX UEs’ distances to the TX UEs
A second way of observing the association characteristics would be by plotting the association probability versus the distance of an RX UE to a TX UE. This second method is shown in Figure 2. For an RX UE that is at a distance of 580 meters, the probability of association to a given TX UE is 0.5. This can also be interpreted as follows: For a public safety device trying to reach potential RX devices, more than half of the devices are not accessible via VoIP service at a distance larger than 580 meters.
[bookmark: Observation2][bookmark: _Toc54379260]Observation 2: For public safety MCPTT voice service, a broadcasting TX UE can only establish communication up to half of the RX UEs when the RX UE distance is larger than 580 meters. This proportion of accessible RX UEs is lower for larger distances.

[image: ]
Figure 2. Association probability at a distance d from the TX UE.
Another possible metric for observing the association performance would be based on the number of RX UEs listening to a broadcast session. Figure 3 demonstrates the CDF of the number of associated RX UEs over 63 TX UEs active in the network. It is identified that most of the broadcast sessions can maintain connection with 50 to 55 RX UEs, while %90 of the TX UEs observe less than or equal to 60 RX UEs associated to them.
[bookmark: Observation3][bookmark: _Toc54379261]Observation 3: For public safety MCPTT voice service, a broadcasting TX UE is expected to have a group size around 50-55 RX UEs. The maximum groups size is limited to 65 for this scenario.

[image: ]
Figure 3. Number of associations for a broadcasting TX UE.
One of the most important metrics for the public safety VoIP service applications would be the successful packet reception for the RX UEs that are associated to a broadcast session. As given on the Public Safety Requirements table, MCPTT voice data transmission necessitates PER < 10-2 or packet reception ratio (PRR) > 0.99. We identify the PRR performance with respect to the associated link distance in Figure 4. Different number of re-transmissions are compared with respect to successful decoding of VoIP payloads and a successful decoding is defined as at least one correct PSSCH decoding event out of N transmissions of a transport block (TB) for N TX/TB scheme. Single transmission (1Tx/TB with no re-transmissions) is limited to less than 200 meters of communication distance with acceptable VoIP performance of PRR > 0.99, even for the associated UEs. On the other hand, 4 TX/TB scheme satisfies the reliability requirement of associated RX UEs well over 2000 meters. It should be stressed once more that although high PRR is satisfied up to communication distances of 2000 meters for associated UEs, the association probability is well below 0.1 at distances above 1000 meters. This is further exemplified on the same figure with the right axis representing the total number of RX associations for UEs within a given distance bin. As an example, for the distance bin centred at 1860 meters (from 1800m to 1920m), the number of RX associations is only 6. This also explains the rather non-monotonic behaviour of the PRR curves in spite of the large number of VoIP payloads generated per TX UE.  
[bookmark: Observation4][bookmark: _Toc54379262]Observation 4: For RX UEs associated with a broadcast session utilizing public safety MCPTT voice service, PRR > 0.99 can be satisfied up to 2 km distance by using 4 repetitions per VoIP payload.
[image: ]
Figure 4. PRR performance for different number of re-transmissions vs distance bins on the left axis. The number of RX UEs associations vs distance bins on the right axis.
Conclusion
Observation 1: Urban scenarios can provide better insights into power saving evaluations for V2X applications.
Observation 2: For public safety MCPTT voice service, a broadcasting TX UE can only establish communication up to half of the RX UEs when the RX UE distance is larger than 580 meters. This proportion of accessible RX UEs is lower for larger distances.
Observation 3: For public safety MCPTT voice service, a broadcasting TX UE is expected to have a group size around 50-55 RX UEs. The maximum groups size is limited to 65 for this scenario.
Observation 4: For RX UEs associated with a broadcast session utilizing public safety MCPTT voice service, PRR > 0.99 can be satisfied up to 2 km distance by using 4 repetitions per VoIP payload.
Observation 2: For public safety MCPTT voice service, a broadcasting TX UE can only establish communication up to half of the RX UEs when the RX UE distance is larger than 580 meters. This proportion of accessible RX UEs is lower for larger distances.
Observation 3: For public safety MCPTT voice service, a broadcasting TX UE is expected to have a group size around 50-55 RX UEs. The maximum groups size is limited to 65 for this scenario.
Observation 4: For RX UEs associated with a broadcast session utilizing public safety MCPTT voice service, PRR > 0.99 can be satisfied up to 2 km distance by using 4 repetitions per VoIP payload.

Proposal 1: RAN1 should identify scaling factors to account for the impact of the modulation orders below 256QAM on the overall SL power consumption.
Proposal 2: Introduce 1000 as the number of pedestrian UEs for power saving evaluations for V2X applications.
Proposal 3: Introduce the following additional traffic model for power saving evaluations for V2X applications:
Proposal 4: Use a mix of traffic models for power saving evaluations with a mix of UE types for V2X applications.
Proposal 5: For performance evaluation of public safety services, RAN1 should select a set of traffic patterns and requirements in terms of latency, reliability, range and number of supported UEs that can cover a diverse set of use cases.
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