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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
In Rel. 16, the Uu power consumption models were developed and captured in [1]. According to Section 8.1.1 of [1], a certain set of assumptions on the SCS, number of CCs, system bandwidth, number of symbols for control and number of BDs, modulation order, MIMO configuration, Tx power, etc. were made. Then, to evaluate different power saving methods, scaling factors, e.g., for different BW or number of BDs, were introduced. 
By adopting the same approach, RAN1 first needs to decide a set of assumptions for defining the base power consumption models. A separate set of assumptions for V2X and public safety use cases are given in Table 1 below:
Table 1: Reference configuration for SL power consumption modelling
	Parameters
	Public Safety
	V2X

	Duplex mode
	HD-FDD (e.g., the dedicated band 14)
	HD (e.g. ITS band)

	SCS
	15kHz
	30kHz

	System BW
	10MHz
	40 MHz
(20 MHz optional)

	Subchannel size
	10 RBs
	10 RBs

	Number of subchannels
	5
	10

	Modulation order
	Dependent on the application to evaluate (<= 64QAM)
	<= 64QAM


	Number of PSCCH symbols
	3
	3

	Number of PSCCH decoding attempts
	10
	20

	MIMO layer
	1
	1

	Number of antennas
	1T2R
	1T2R

	Transmission power
	0dBm, 31dBm (also 23dBm as an additional option.)
	23 dBm 



Considering the parameters given above, some differences with the base assumptions made in Rel. 16 are evident. As an example, for public safety, the SCS (15KHz) and the modulation order (<= 65QAM) are different from those of the Rel. 16 study (i.e., SCS = 30KHz and modulation order of 256QAM.) In addition, the BW scaling model developed in Rel. 16 is not accurate for any BW below 10MHz. For SL, however, a much smaller BW would be needed. 
[bookmark: _Toc47716071]Proposal 1: For modelling SL power consumption, RAN1 should first agree to a set of assumptions on a duplex mode, SCS, sub-channel size, number of sub-channels in a resource pool, allocated PSSCH BW, modulation order, number of PSCCH symbols, number of PSCCH decoding attempts, number of MIMO layers, number of antennas and transmission power. 
Another important factor impacting the UE power consumption (averaged within each slot) is the slot structure, i.e., whether the UE is ON or sleep, the length of each channel for transmission and reception as well as the presence of different channels in each slot. The following modes of operations can be assumed:
1) Sleep mode
2) PSCCH Rx, where no PSCCH was found 
a. For simplicity, SCI2 decoding is not considered. 
3) PSCCH Rx + PSSCH Rx 
a. Number of PSSCHs should also be considered.
4) PSCCH Tx + PSSCH Tx
5) PSFCH Rx 
a. Number of received PSFCHs should also be considered.
6) PSFCH Tx
a. Number of transmitted PSFCHs should also be considered.
[bookmark: _Toc47716072]Proposal 2: RAN1 should decide which operation modes from (1)-(6) should be considered for evaluations. In addition, to simplify the efforts, RAN1 should discuss whether some of the operation modes can be approximated by some others. 
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
The evaluation scenarios from Table 6.1.1-2 in [7] can be largely reused with some modifications to better suit the work item in Release-17 and focus on the target evaluations. One such change is to increase the baseline sidelink simulation bandwidth to 40 MHz.

[bookmark: _Hlk47694712]
[bookmark: _Toc47716073]Proposal 3: Use 40 MHz as a baseline sidelink simulation bandwidth for power saving evaluations for V2X applications.
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: _Toc47716070]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.
[bookmark: _Toc47716074]Proposal 4: 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: _Toc47716075]Proposal 5: 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: _Toc47716076]Proposal 6: 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: _Toc47716077]Proposal 7: 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.
Conclusion
Observation 1: Urban scenarios can provide better insights into power saving evaluations for V2X applications.

Proposal 1: For modelling SL power consumption, RAN1 should first agree to a set of assumptions on a duplex mode, SCS, sub-channel size, number of sub-channels in a resource pool, allocated PSSCH BW, modulation order, number of PSCCH symbols, number of PSCCH decoding attempts, number of MIMO layers, number of antennas and transmission power.
Proposal 2: RAN1 should decide which operation modes from (1)-(6) should be considered for evaluations. In addition, to simplify the efforts, RAN1 should discuss whether some of the operation modes can be approximated by some others.
Proposal 3: Use 40 MHz as a baseline sidelink simulation bandwidth for power saving evaluations for V2X applications.
Proposal 4: Introduce 1000 as the number of pedestrian UEs for power saving evaluations for V2X applications.
Proposal 5: 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
Proposal 6: Use a mix of traffic models for power saving evaluations with a mix of UE types for V2X applications.
Proposal 7: 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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