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Introduction
In this contribution, we discuss the remaining issues for evaluation methodology. Following topics are discussed.
· TDD configuration
· Power Saving schemes
· UE PS gain collection table and assumption for evaluation
· FR2 UE power model
Evaluation methodology
TDD configuration
During RAN1#104e, we made following agreements.
	Agreement: adopt following update for TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
· Option 2: DDDUU
Detailed S slot format is 10D:2F:2U. Other S slot format(s) can also be optionally evaluated.
Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of  DDDUU.
FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)



Gap
The last 2 symbol gap would be reasonable assumption.
Proposal 1: Confirm 2 symbol gap at the end of third “D” slot of DDDUU.
TDD configuration options
Regarding the last FFS point, both options could be used. Given that option 2 is added considering heavy case of AR, we recommend option 2 as an optional configuration.
Proposal 2: Use Option 1 as a baseline configuration and Option 2 as an optional configuration.

Power Saving Schemes
During RAN1#104e we made following agreement in this topic.
	Agreements To facilitate further discussion on evaluation of power saving effect of different power saving schemes, the following references are defined.
· Case 1 (baseline): UE power consumption assuming UE is always ON, i.e., UE is always available for gNB scheduling.
· Case 2 (FFS optional or baseline): UE power consumption assuming Rel-15/16 CDRX configuration
· FFS CDRX configuration details
· Company can also optionally evaluate for other cases, e.g.
· Genie: UE power consumption assuming that UE is in a sleep state (e.g., micro/light/deep sleep as defined in TR38.840) whenever there is neither DL data reception nor UL transmission. From the gNB scheduling perspective, UE is always available for scheduling, i.e., there is no difference from Baseline in gNB scheduling and corresponding UE Tx/Rx. It is noted that Genie is not a power saving scheme but the result may serve as an upper bound of power saving gain of power saving techniques, which may potentially motivate development of new power saving techniques that can approach the Genie performance.
· R15/16/17 power saving techniques for connected mode, e.g., BWP, PDCCH skipping, search space switching, etc.



Regarding the FFS point, we think R15/16 CDRX scheme should be evaluated as baseline. As shown in our companion paper [2], there is clear difference in power consumption for AlwaysOn and CDRX schemes, which needs to be captured. The limitation of CDRX could be also captured and further discussed as an outcome of this study.
Proposal 3: RAN1 to evaluate R15/16 CDRX together with Case1 AlwaysOn as baseline.

UE power consumption collection table
During RAN1#104e we made following agreement in this topic.
	Agreements: UE power consumption (i.e., power saving gain of the evaluated scheme) for XR is evaluated in conjunction with impact on latency, user experience, and capacity.  In this regard, the following table is used to collect results for system level simulation from companies as a starting point. 
· FFS all UEs or only satisfied UEs are included for obtaining the PS gain
Table 1 Evaluation of UE power saving schemes for e.g., {dense urban, AR, FR1}
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1
	-
	-
	-
	-
	K1 / N

	Case 2
	X1 %
	Y1 %
	Z1 %
	U1%
	K2/ N

	Case X
	X2 %
	Y2 %
	Z2 %
	U2%
	K3 / N

	 
	 
	 
	 
	 
	 


Note 1: CDF of power saving gains of each UE
Note 2: # of satisfied UEs per cell among # of UEs per cell (=N). 
Note 3: # of dropped UEs per cell (=N) that needs to be the same for all power saving schemes to be evaluated.
Note 4: company to provide the detailed simulation assumptions including parameter values for each case, e.g. CDRX parameters
Note 5: company can report one or more power saving gain metrics (i.e. mean PS gain or PS gain of 5%/50%/95%/-tile UE in PSG CDF) for each power saving scheme



Set of UEs considered for PS gain
Regarding the first FFS point on considered UE for PS gain calculation, we think all UEs could be considered. Whether they will be any difference of two the approaches (all UEs vs satisfied UEs) will depend on the value of N the # of UEs per cell (lightly vs heavily loaded system). 
· Lightly loaded system: this corresponds to small N, i.e., the case N<<Nc where Nc is the capacity of the system. In this case, most of UEs will be satisfied, thus two approaches will give almost the same results.
· Heavily loaded system: this corresponds to large N, i.e., comparable to Nc. In this case, the number of satisfied UEs would be approximately, e.g., 95% of N. This 5% difference could potentially give different power saving gain since UEs not satisfied would usually have low or no power saving gain at all. But, given that those UEs take only less than 5%, the difference of two approaches would not be large.
Proposal 4: Consider all UEs for PS gain calculation.

Choice of N for evaluation
As discussed above, the choice of N value needs to be determined for data collection. We think above two cases can be considered. Given that real system may not operate in full capacity, evaluating lightly loaded system (small N) would be reasonable choice. But, to explore the effectiveness of PS schemes in capacity regime, we also recommend evaluating large N case, say 90% of Nc.
Proposal 5: RAN1 to evaluate both lightly loaded (small N, e.g., N=3) or heavily loaded system (N =~ [0.9]Nc), where Nc is the XR system capacity.

CDRX Parameters
Different CDRX parameters provide different power saving gains. Given that having too many different configurations makes things very hard to collect results from companies and compare, we recommend RAN1 start discussion and choose a common baseline set of CDRX parameters for evaluation.
Proposal 6: RAN1 to determine the set of baseline CDRX parameters for XR power evaluation. 
We recommend following base parameter sets in a format (DRX cycle, inactivity timer value, On duration timer value) for FR1.
· 60Fps: (16,8,4), (8,4,4), (4,2,2)
· 120Fps: (8,4,4), (4,2,2)
We recommend RAN1 to evaluate following cases for FR2 reflecting typically shorter on-duration configuration in FR2 system.
· 60Fps: (16,8,2), (8,4,2), (4,2,2)
· 120Fps: (8,4,2), (4,2,2)
Power consumption estimate for tx power other than 0 and 23dBm
During RAN1#104e we made following agreement in this topic.
	Agreements: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, adopt the following 
· Option 1 (Baseline): Consider only two Tx power values as defined in TR 38.840 
· Power number is given as A for X= [0, M)dBm and B for X =[M, 23]dBm, where A and B (defined in 38.840) correspond to power consumption numbers for a given uplink slot for 0dBm and 23dBm respectively. 
· M = [20]
· Other value(s) of M can be optionally evaluated
· Companies to provide detailed assumptions on UE power consumption for Tx power values other than 0 and 23 dBm 
· E.g. Power number is given as A for X= [0, 20)dBm and B for X =[20, 23]dBm, where A and B (defined in 38.840) correspond to power consumption numbers for a given uplink slot for 0dBm and 23dBm respectively.
· Option 2 (FFS mandatory or optional): Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm 
· FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)
· FFS whether or not to consider UE with transmit power less than 0 dBm




Regarding the first FFS point above, we think option 2 could be used as a mandatory option. Especially for high power region, option 1 has non-negligible quantization error in high tx power regime. In this contribution, we provide FR2 power model, which is also based on interpolation-based method. Thus, option 2 provide a unified method for both FR1 and FR2. (FR2 power model is discussed in Section 2.2.2.) To make simulation assumptions / results across companies be more consistent, we recommend using option 2 only as a single methodology.
Proposal 7: Regarding UE power consumption estimate for UE transmit power other than 0 and 23 dBm, support Option 2 as single mandatory approach. Option 1 could be optionally evaluated.

[bookmark: _Ref68531955]FR2 UE Power model
For FR2, the UL UE power consumption for the PUSCH/PUCCH in TR 38.840 is specified as a value (350) with no corresponding transmit power. Therefore, a model that covers a wider range of transmit power is required.  Here, we propose for the FR2 UE UL power consumption, P, a function of the EIRP and not transmit power since the FR2 performance is driven by the EIRP and not solely transmit power. P can be modelled as a linear function of the EIRP in linear scale, X (mW) which can be expressed as: 
[bookmark: _Hlk68154501]P(X) = 0.07*X + 350, 1mW ≤ X ≤ 3162mW 
Note: The range 1mW ≤ X ≤ 3162mW is equivalent to 0dBm <= 10*log10(X) <= 35dBm
The function is the plotted in Figure 1 below.

[bookmark: _Ref68539474]Figure 1: FR2 Proposed UE UL Power Model
For the 2TX configuration, the UL UE power consumption may be approximated by scaling the 1 Tx model by factor of 1.10.
P(X) = 1.10*(0.07*X + 350), 1mW ≤ X ≤ 3162mW
Note: The range 1mW ≤ X ≤ 3162mW is equivalent to 0dBm <= 10*log10(X) <= 35dBm
Proposal 8: For FR2 1TX configuration, we propose that the UE UL power consumption model is a linear function of the EIRP in the linear scale. The linear function, P(X) is given as P(X) = 0.07*X + 350, 0dBm <= 10*log10(X) <= 35dBm.
Proposal 9: For FR2 2TX configuration, we propose a scaled of the 1TX power model. The scaling factor is 1.10. 
Conclusion
In this contribution, we discuss the remaining issues for the evaluation methodology.
Proposal 1: Confirm 2 symbol gap at the end of third “D” slot of DDDUU.
Proposal 2: Use Option 1 as a baseline configuration and Option 2 as an optional configuration.
Proposal 3: RAN1 to evaluate R15/16 CDRX together with Case1 AlwaysOn.
Proposal 4: Consider all UEs for PS gain calculation.
Proposal 5: RAN1 to evaluate both lightly loaded (small N, e.g., N=3) or heavily loaded system (N =~ 0.9Nc), where Nc is the XR system capacity.
Proposal 6: RAN1 to determine the set of CDRX parameters for XR power evaluation. 
Proposal 7: Regarding UE power consumption estimate for UE transmit power other than 0 and 23 dBm, support Option 2 as single mandatory approach.
Proposal 8: For FR2 1TX configuration, we propose that the UE UL power consumption model is a linear function of the EIRP in the linear scale. The linear function, P(X) is given as P(X) = 0.07*X + 350, 0dBm <= 10*log10(X) <= 35dBm.
Proposal 9: For FR2 2TX configuration, we propose a scaled of the 1TX power model. The scaling factor is 1.10.
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P(X) = Power Consumption
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