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Introduction
In RAN#86, a work item on “NR Sidelink enhancement” was approved [1]. This work item was further updated in RAN#88-e [2] to account for the delay in starting the work item due to travel restrictions. 
One of the objectives of the work item is to update the sidelink evaluation methodology for power saving up reusing the LTE device-to-device TR (TR 36.843) [3] and the NR power savings TR (TR 38.840) [4].

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 present Samsung’s views on evaluation methodology updates for simulating the power saving sidelink enhancements.
Overview
Simulation Scenarios
The evaluation assumptions and scenarios defined in TR 37.885 [5] are a starting point for the evaluation of the proposed resource allocation enhancements. The following scenarios are considered for evaluation:
· Urban grid (Figure A-1 of [5]) and highway (Figure A-2 of [5]) road configurations.
· Focus is on FR1 with the evaluation scenario as described in Table 6.1.1-1 of [5].
· Dropping model:
· Vehicular UEs: Option A for highway scenario [5]. Option A for urban grid scenario [5].
· Pedestrian UEs: For urban grid only as described in section A.1.2 of [6].
Proposal 1: Reuse the simulation scenarios and simulation scenario parameters from TR 37.885 [5].
Proposal 2: Simulations are performed in FR1.

UE Power Consumption Model
One of the focus areas of resource allocation enhancements in release 17 is power savings, hence it is important to agree on a UE power consumption model and performance metrics related to power savings. We consider a relative power model covering the following operations; PSCCH/PSSCH Tx, PSCCH Rx, PSSCH Rx, PSFCH Tx, PSFCH Rx, SSB Tx and SSB Rx. The objective of this model is to find the power ratio between these operations for a given resource allocation, and how to scale the power as a function of the number of allocated symbols , number of allocated sub-channels , number of PRBs per sub-channel , number of received PSFCH PRBs  and transmit power. The model developed for NR power saving in [4] is used as a guiding principle to develop the SL UE power consumption model. SL receive channels are analogous to DL channels that are received by a UE. SL transmit channels are analogous to UL channels that are transmitted by a UE.
According to [4], the downlink power scales with the BWP bandwidth as , where  is the relative BW of the BWP. Using a similar principle for the reception of sidelink channels, we can derive the a formula for the relative power consumption to receive with  PRBs per sub-channel

For PSSCH reception, let  be the number of sub-channels in symbol . The number of symbols in a slot including the duplicated symbol (for AGC) is . For the duplicated symbol, we assume a relative receive power consumption of 0.25, for the remaining symbols, the receive power consumption is calculated according to the above formula. As a reference, the power is normalized to the maximum power in a SL slot (i.e. when there are 12 SL symbols, excluding the AGC symbol):

For PSCCH reception, let  be the number of PSCCH decodes per sub-channel, where due to the orthogonal cover code on PSCCH  can be 1, 2 or 3.  is the number of PSCCH sub-channels received in a slot including sub-channels received due to sensing, and  is the number of PSCCH symbols, excluding the symbol duplicated for AGC. The relative PSCCH receive power consumption is

In case of PSCCH/PSSCH reception in the same slot, duplication of the fixed power is avoided. For example, in case of reception of PSCCH/PSSCH with no sensing, the relative PSCCH/PSSCH receive power consumption is


For S-SSB reception, the S-SSB slot has 13 symbols, excluding the gap symbol. The relative S-SSB receive power consumption is 0.3.
For PSFCH reception, a PSFCH occupies a cyclic shift in a PRB. As a first order approximation, we only consider the total number of PRBs on which a PSFCH is received, i.e. . The structure of PSFCH has one symbol that is duplicated for AGC purposes. For the duplicated symbol, we assume a relative receive power consumption of 0.25. The relative PSFCH receive power consumption is:

[bookmark: _GoBack]Now we consider the SL transmit channels. When transmitting at a power level , the power doesn’t scale with the number of sub-channels or PRBs. But the power scales linear with the number of symbols. We now want to find the ratio between the receive power consumption and the transmit power consumption. According to Table 20 of TR 38.840 [4], when the UL transmit power is 0 dBm (1 mW), the relative ratio of uplink to downlink processing is 250 to 300. When the UL transmit power 23 dBm (200 mW), the relative ratio of uplink to downlink processing is 700 to 300. In general, for a transmit power P (in mW), the ratio of uplink to downlink processing is assumed to be  to 300. Where,  scales linearly with , i.e.   .
For PSCCH/PSSCH transmission with power P over  symbols, the relative power (energy per slot) can be expressed as:

For S-SSB transmission with power P, the relative power can be expressed as:

For PSFCH transmission with power P, the relative power can be expressed as:

Table 1 summarizes the relative power and dependencies for sidelink operations.
[bookmark: _Ref47099064]Table 1: Sidelink Power Consumption Model.
	Operation
	Relative power including dependencies

	PSSCH Rx
	

	PSCCH Rx
	

	S-SSB Rx
	0.3

	PSFCH Rx
	

	PSCCH/PSSCH Tx
	

	S-SSB Tx
	

	PSFCH Tx
	

	: Number of symbols for PSSCH including duplicate symbol for AGC.
: Number of PRBs per sub-channel
: Number of sub-channels in symbol  for PSCCH
: Number of PSCCH symbols
: Number of PSCCH decode attempts due to OCC per sub-channel
: Number of PSCCH receive sub-channels.
: Number of PRBs on which PSFCH is received.
, where  is the transmit power in mW.



Proposal 3: For the evaluation of power savings of the enhanced resource allocation schemes, adopt the sidelink UE power consumption model of Table 1.

Performance Metrics
For sidelink performance, packet reception ratio (PRR) and packet-inter-reception (PIR) are used as performance metrics. 
For sidelink power saving performance, relative power reduction ratio (RPRR) can be used as performance metric. Where the relative power reduction ration is defined as:

The baseline scheme is based on release 16 NR sidelink resource allocation mechanisms.
One of the focus areas of the NR sidelink enhancement work item is to study resource allocation mechanism to enhance reliability and reduce latency. The reliability aspect can be determined based on PRR and PIR. For latency, we can measure the time between packet reception and successful packet arrival at the receiving UE. The performance metric can include CDF of latency and the 5% latency.
Proposal 4: Adopt the following performance metrics for the evaluation of the enhanced resource allocation mechanisms:
· PRR and PIR
· Relative Power Reduction Ratio (RPRR) – for power savings resource allocation schemes.
· CDF of latency and 5% latency for schemes targeting improved reliability and low latency.
Proposal 5:
For the evaluation of the power saving resource allocation schemes, relative power reduction ratio is adopted as a performance metric. The relative power reduction ratio (RPRR) is defined as:

The baseline scheme is based on release 16 NR sidelink resource allocation mechanisms.

Conclusions
In this contribution we presented our views regarding the simulation scenarios, UE power consumption model and performance metrics for evaluating the enhanced resource allocation schemes. The following proposals have been made:
Proposal 1: Reuse the simulation scenarios and simulation scenario parameters from TR 37.885 [5].
Proposal 2: Simulations are performed in FR1.
Proposal 3: For the evaluation of power savings of the enhanced resource allocation schemes, adopt the sidelink UE power consumption model of Table 1.
Proposal 4: Adopt the following performance metrics for the evaluation of the enhanced resource allocation mechanisms:
· PRR and PIR
· Relative Power Reduction Ratio (RPRR) – for power savings resource allocation schemes.
· CDF of latency and 5% latency for schemes targeting improved reliability and low latency.
Proposal 5:
For the evaluation of the power saving resource allocation schemes, relative power reduction ratio is adopted as a performance metric. The relative power reduction ratio (RPRR) is defined as:

The baseline scheme is based on release 16 NR sidelink resource allocation mechanisms.
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