3GPP TSG RAN WG1 Meeting #103-e	R1-2007614
[bookmark: _GoBack]E-meeting, October 26-November 13, 2020

Agenda Item:	8.11.1
Source:	Huawei, HiSilicon
Title:	Sidelink evaluation methodology update for power saving
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref523752768][bookmark: _Ref129681832]In RAN1 #102-e meeting [1], the power consumption model and level of different power states are agreed for FR1. Whilst FR2 is also agreed as an optional/additional reference configuration. In this paper, we propose the corresponding model and parameters for FR2 based on the agreed reference parameter values in FR1, pointing out a few necessary differences.
Evaluation methodology for sidelink enhancement
Performance metrics for sidelink enhancement 
In RAN1#102-e meeting, the following are agreed as evaluation metrics in Rel-17:
	Agreements:
· For evaluation metric, the followings are considered
· PRR
· PIR
· Power consumption reduction ratio = (power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) - power consumption for proposed scheme)/power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing)
· Note that power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) and the power consumption for the proposed scheme are evaluated under the same evaluation assumptions.



As stated in the WID [2], the Rel-17 power saving design takes the LTE-V Rel-14 partial sensing and random selection as the baseline, and will go further in cases where the baseline cannot work properly. Companies are encouraged to provide solutions for power consumption reduction. However, it can be expected that a power saving scheme could result in a lower PRR or larger PIR since such solutions tend to reduce the accuracy of resource selection, and with it reliability, as a cost compared to the baseline schemes. In addition, the power consumption of different types of power saving states/schemes could also be different, which results in different levels of PRR or PIR. Thus, it seems desirable for RAN1 to agree on a framework in which results from companies can be compared.
Proposal 1: RAN1 to agree on how the impact of power saving schemes on PRR and PIR will be compared.
To ensure that the results between the power saving schemes and the baseline schemes are reasonable for comparison, one way in which we intend to present results is such that a corresponding PRR must not fall by more than δ with respect to the baseline scheme. Similarly, the PIR gap between the power saving scheme and the baseline should be smaller than a latency threshold. This is to ensure the QoS requirement for Rel-17 UE sidelink transmission using power saving scheme. For example, if the PRR of baseline scheme without power saving at a certain range is  and the PRR of power saving schemes at the same range is , then the following condition should be satisfied: , as shown in Figure 1. In this case, the curve of the proposed power saving scheme should be above the threshold curve, by which the QoS requirement can be guaranteed. In LTE-V2X, some simulations of the full sensing scheme and random selection scheme showed a 15% drop in PRR. On the other hand, the PIR gap between the power saving schemes and baseline should not be larger than a latency threshold θ representing the allowable PIR reduction range between the schemes.
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[bookmark: _Ref54115226]Figure 1. PRR comparison between baseline scheme and power saving scheme
SL evaluation assumptions for FR2
In the RAN1 #102-e meeting, it is agreed the reference configuration for scaling and the evaluation configuration as baseline separately, and the following settings are adopted for FR1:  
	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. 


According to the WID [3], FR2 is considered to support new sidelink frequency bands for single-carrier operation, so it needs to be studied for sidelink power saving schemes. In order to calculate the UE power saving gain for NR sidelink enhancements for FR2, the parameter configurations for both reference and baseline should be further defined.  
In Table 1, the proposed reference configuration is shown, together with what was agreed for FR1. It is noted that for FR1, the reference configurations are inherited from NR Uu model specified in TR 38.840 [4]. As has been done with FR1, we reuse the NR Uu FR2 settings in [4] for sidelink so far as reasonable. 
[bookmark: _Ref533848032]Table 1 Reference Configuration for Sidelink
	Parameters
	Characterization for FR1
	Characterization for FR2

	Subcarrier spacing (SCS)
	30 kHz
	120 kHz

	System Bandwidth
	100 MHz
	100 MHz

	SL BWP
	100 MHz
	100 MHz

	PSCCH
	2 symbols
	2 symbols

	Number of SL symbols per slot
	14
	14

	Tx antenna configuration
	1 TX
	1 TX

	Rx antenna configuration
	4RX
	2 RX


In this regard, the SCS is 120 kHz for FR2 whereas it is 30 kHz for FR1 in Table 1. As to the Rx antenna configuration, 2 APs are taken into account for FR2. 
For the baseline in FR1, 1Tx AP, 2Rx AP and 40MHz SL BWP are agreed. However, in FR2, these reference configurations in Table 1 are also applicable as the baseline due to larger available bandwidth and device characteristics in high frequency band. Therefore, the parameter configurations for reference and baseline can be the same. 
Proposal 2: The reference configuration and the baseline configuration for evaluation are the same for FR2 in Rel-17, where the parameters are provided as follow:
	Parameters
	Characterization for FR2

	Subcarrier spacing (SCS)
	120 KHz

	System Bandwidth
	100 MHz

	SL BWP
	100 MHz

	PSCCH
	2 symbols

	Number of SL symbols per slot
	14

	Tx antenna configuration
	1 TX

	Rx antenna configuration
	2 RX



SL UE power consumption model and values
In RAN1 #102-e meeting [1], the power model and power consumption level of different power states are agreed as follow:
	 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.



However, in the agreement, the“PSCCH/PSSCH TX/RX” states are defined for non-PSFCH-slot. As to the PSFCH-slot, further analysis are required. For modelling purposes, PSFCH is assumed to be either transmitted or received in configured slots from system perspective. For “PSCCH/PSSCH TX + PSFCH TX” and “PSCCH/PSSCH RX + PSFCH RX”, the power for non-PSFCH-slot and PSFCH-slot can be the same since all of the symbols are used either for transmitting or receiving purpose and the Tx power is unrelated to bandwidth. In addition, it is noted that the difference between “PSCCH/PSSCH Tx + PSFCH Rx” and “PSCCH/PSSCH Tx + PSFCH Tx” is that the three symbols configured for PSFCH are used for either transmitting or receiving. However, it is calculated the gap between the average PSFCH transmitting power and the PSFCH receiving power is not that significant. On the other hand, from the slot level perspective, the PSFCH TX/RX symbols account for small number of all the symbols in a slot. This means PSCCH/PSSCH transmitting dominates the power consumption of the slot, which makes the power difference between PSFCH transmitting and PSFCH receiving negligible in the slot level. In this regard, the power value for the slot “PSCCH/PSSCH Tx + PSFCH Rx” is similar to that of slot “PSCCH/PSSCH Tx + PSFCH Tx”. Similar assumption can be also applied to “PSCCH/PSSCH Rx + PSFCH Rx” and “PSCCH/PSSCH Rx + PSFCH Tx”. In this regard, the power consumption level of the slots “PSCCH/PSSCH TX/RX with and without PSFCH” is the same for modelling purposes.

Proposal 3: The power consumption level of “PSCCH/PSSCH TX/RX” is the same in the slots with and without PSFCH.
In our understanding of above agreements, the defined power consumption models and agreed principles for power consumption level calculation are not only applicable for FR1, but also for FR2. The SL UE power consumption values can also follow the NR Uu state values for simplicity. Therefore, the sidelink power states and their relative power consumption values both in FR1 and FR2 are provided in the following conclusion.
Conclusion: The power consumption models and principles for power consumption level calculation agreed in RAN1 #102-e are applied to both FR1 and FR2. The exact power consumption values for both frequency ranges are provided below:
	UE power consumption modelSL Power State
	Relative Power for FR1 (units per slot)
 
	Relative Power for FR2 (units per slot) 
	Remark

	Deep Sleep
	1     (optional: 0.5)
	1     (optional: 0.5)
	Reuse three states of “Sleep” specified in TR38.840

	Light Sleep
	20
	20
	

	Micro sleep
	45
	45
	

	PSCCH/PSSCH RX
	300
	350
	same as that of “PDCCH+PDSCH”

	PSCCH/PSSCH TX
	K={250 (0 dBm)
700 (23 dBm)}
	K={250 (0 dBm)
700 (23 dBm)}
	same as that of “UL” for long PUCCH or PUSCH

	1st SCI/2nd SCI RX
	0.7*300=210
	0.7*350=245
	[0.7]* power consumption level of “PSCCH/PSSCH RX”

	PSFCH TX
	0.3 * K
	0.3 * K
	[0.3]*power consumption level of “UL” for long PUCCH or PUSCH

	PSFCH RX
	100
	175
	same as that of “PDCCH-only” for cross-slot scheduling

	S-SSB TX
	K={250 (0 dBm)
700 (23 dBm)}
	K={250 (0 dBm)
700 (23 dBm)}
	same as power consumption level of “UL” for (long PUCCH or PUSCH)

	S-SSB RX
	100*0.75*1.5=112.5
	175*0.75*1.5=197
	[1.5]*power consumption level of “Uu SSB-processing”

	GNSS-processing
	8
	the GNSS power is 8 times of that of the deep sleep state



Finally, it seems clear that the values of power consumption multipliers that are presently in square brackets are not problematic and can be confirmed without further discussion.
Proposal 4: Confirm the power consumption multipliers that are in square brackets from RAN1#102-e, i.e.: 0.7, 0.3, and 1.5 respectively for 1st SCI/2nd SCI RX, PSFCH TX, S-SSB RX.
Conclusion
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Based on above discussions, we have the following conclusion and proposals:
Conclusion: The power consumption models and principles for power consumption level calculation agreed in RAN1 #102-e are applied to both FR1 and FR2. The exact power consumption values for both frequency ranges are provided below:
	UE power consumption modelSL Power State
	Relative Power for FR1 (units per slot)
 
	Relative Power for FR2 (units per slot) 
	Remark

	Deep Sleep
	1     (optional: 0.5)
	1     (optional: 0.5)
	Reuse three states of “Sleep” specified in TR38.840

	Light Sleep
	20
	20
	

	Micro sleep
	45
	45
	

	PSCCH/PSSCH RX
	300
	350
	same as that of “PDCCH+PDSCH”

	PSCCH/PSSCH TX
	K={250 (0 dBm)
700 (23 dBm)}
	K={250 (0 dBm)
700 (23 dBm)}
	same as that of “UL” for long PUCCH or PUSCH

	1st SCI/2nd SCI RX
	0.7*300=210
	0.7*350=245
	[0.7]* power consumption level of “PSCCH/PSSCH RX”

	PSFCH TX
	0.3 * K
	0.3 * K
	[0.3]*power consumption level of “UL” for long PUCCH or PUSCH

	PSFCH RX
	100
	175
	same as that of “PDCCH-only” for cross-slot scheduling

	S-SSB TX
	K={250 (0 dBm)
700 (23 dBm)}
	K={250 (0 dBm)
700 (23 dBm)}
	same as power consumption level of “UL” for (long PUCCH or PUSCH)

	S-SSB RX
	100*0.75*1.5=112.5
	175*0.75*1.5=197
	[1.5]*power consumption level of “Uu SSB-processing”

	GNSS-processing
	8
	the GNSS power is 8 times of that of the deep sleep state



Proposal 1: RAN1 to agree on how the impact of power saving schemes on PRR and PIR will be compared.
Proposal 2: The reference configuration and the baseline configuration for evaluation are the same for FR2 in Rel-17, where the parameters are provided as follow:
	Parameters
	Characterization for FR2

	Subcarrier spacing (SCS)
	120 KHz

	System Bandwidth
	100 MHz

	SL BWP
	100 MHz

	PSCCH
	2 symbols

	Number of SL symbols per slot
	14

	Tx antenna configuration
	1 TX

	Rx antenna configuration
	2 RX



Proposal 3: The power consumption level of “PSCCH/PSSCH TX/RX” is the same in the slots with and without PSFCH.
Proposal 4: Confirm the power consumption multipliers that are in square brackets from RAN1#102-e, i.e.: 0.7, 0.3, and 1.5 respectively for 1st SCI/2nd SCI RX, PSFCH TX, S-SSB RX.
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