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Introduction
In 3GPP TSG RAN1#104b-e meeting, the following agreements on simulation assumptions were reached [1]. Some items need further study. So, in this contribution, remaining issues and more considerations are discussed.
	Agreement: 
Case 2, i.e. CDRX, is optionally evaluated for UE power consumption evaluation
Agreement:
For XR power consumption evaluation, CDRX parameters are reported by companies
Agreement:
For UL UE power consumption evaluation, the following is encouraged
· Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm 
· Companies should indicate how they do linear interpolation method in linear scale considering step-wise linear average of UE power model
· FFS: Further clarifications on linear interpolation method in linear scale considering step-wise linear average of UE power model
· Other methods that can be used for evaluation: 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
Agreement: 
For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, the system capacity for DL capacity and UL capacity are reported respectively. 
· FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results
Conclusion:
It is up to companies to choose either Option 1 (DDDSU) or Option 2 (DDDUU) for TDD configuration (as per previous agreements) and do the evaluation. 
Agreement:
It is up to each company to report the following performance metrics optionally
· Percentage of satisfied UEs
· CDF of packet error ratio 
· CDF of packet latency
· CDF of user-perceived throughput
· Resource utilization
Note: it does not mean all the optional performance metrics will be captured in the TR. How to use these optional reported metrics and whether to capture in the TR can be separate discussion after there are substantial evaluation results.
Agreement: 
For XR power evaluation (including baseline and power saving schemes), companies report both Option 1 and Option 2 results for evaluating the power saving gain.
· Option 1: all UEs are considered
· Option 2: satisfied UEs only are considered
Agreement: 
For XR/CG power consumption evaluation, for DL and UL,
· Option 1: DL and UL performances are evaluated independently. DL and UL power consumption results are collected separately.
· Option 3: DL and UL performances are evaluated together. DL and UL power consumption are counted to obtain the total power consumption
· Companies to report the assumptions for power consumption evaluation
Agreement: 
For XR UE power consumption evaluation
· The same number of UE per cell are used in baseline and power saving schemes, 
· Note: the number of satisfied UEs is reported in the power evaluations (already agreed in RAN1 #104-e).
· Max users/cell at which UE can meet the capacity KPI should be reported for baseline and for different UE PS techniques. 
· Results for other cases (e.g. power savings gain for lightly loaded case) can also be reported optionally.
· The system capacity for each case (e.g. a given number of UE per cell) for evaluating power saving schemes is reported in power evaluation
Conclusion: 
It is up to company to report either equal number of UEs per cell or unequal number of UEs per cell is assumed for capacity evaluation. 
· Note: unequal number of UEs per cell means even average load per cell.
Agreement:
For XR/CG capacity evaluation, a packet is considered as lost when it has exceeded the PDB, such that it will be added to the PER and the data of the packet is discarded.
· It is up to company to report the details for the packet when it has exceeded the PDB, e.g.
· Option 1: The packet exceeding the delay is still delivered to the other side
· Option 2: The packet (including the non-transmitted part) is discarded at the transmitter (at the gNB for DL packets and at the UE for UL packets)
· Other options are not precluded
· Note: This is for the purpose of evaluation


Discussions 
UL/DL simulation method
	Agreement: 
For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, the system capacity for DL capacity and UL capacity are reported respectively. 
· FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results


For XR/CG capacity evaluation, the baseline is DL and UL performances are evaluated independently. When DL and UL are evaluated independently, the channel quality varies in different link direction for the DL and UL simulation. For example, UE1 may have good channel quality in DL simulation but a worse channel quality in UL. Therefore, it's hard to obtain joint capacity on UE basis. An overall performance of capacity will be enough and can be obtained by min{C_DL,C_UL}. C_DL and C_UL is DL capacity and UL capacity respectively.
[bookmark: _Toc71569118]When DL and UL performances are evaluated independently, joint capacity for DL and UL is obtained by min{C_DL,C_UL}.
For power consumption simulation, the DL and UL power consumption can be evaluated independently to simplify the simulation. The joint simulation results can be obtained by the following steps:
· Evaluating DL and UL power consumption independently;
· Collecting DL and UL slot states respectively;
· Recombining these slot states to have a full picture of the power consumption.
Additional Power model
· Power model for UL with less than 0 dBm transmit power
In RAN1#104b-e meeting, most companies agree that UE with transmit power less than 0 dBm should be considered for power consumption evaluation. Two options are proposed and are shown below:
· Option 1: Extrapolation is adopted for UE with transmit power less than 0 dBm
· Option 2: Adopt the power model of 0 dBm for UE with transmit power less than 0 dBm
Option 1 uses a linear function to obtain power values with other UE transmit power. When the transmit power of the UE varies from -40dBm to 0dBm, the power value only changes from 245.5 to 250. This slight power consumption change may not be needed. Therefore, option 2 is preferred.
[bookmark: _Toc71569119]Adopt the power model of 0 dBm for UE with transmit power less than 0 dBm.
Similarly, for FR2, given the definition of current 38.840, only 350 as relative power is defined. We shall re-use this value for simplicity. 
[bookmark: _Toc71569120]For FR2, re-use the 350 relative power in case no new power state is further defined for 23dBm.
· Whether or not to add more UL Power state
It is worth discussing whether the three power states are enough for XR evaluation. According to the Table 1, long PUCCH or PUSCH/Short PUCCH/ SRS has a same power value no matter how many symbols it occupies in TR 38.840.
Table 1 UE power consumption model[2]
	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	UL
	Long PUCCH or PUSCH.
	250 (0 dBm)
700 (23 dBm)
	350
(FFS Tx power level)

	Short PUCCH
	Short PUCCH power = 0.3 x uplink power
Reference config consists of 1-symbol PUCCH
	75 (0 dBm)
210 (23 dBm)
	105

	SRS
	SRS power = 0.3 x uplink power
	75 (0 dBm)
210 (23 dBm)
	105


In principle, the three power states are representative if a large variety of transmission states while in the meantime finer granularity may be pursued in the power state modeling.
For XR evaluation, there are two alternatives for the UL power state modeling:
· Alt 1: Use the original power states without adding more detailed power states.
· Alt 2: Add more detailed UL power states, e.g., PUSCH with different numbers of symbols should have different power values.
Alternative 1 is simple though unable to differentiate between two PUCCH or PUSCH occupying different resource sizes.
Alternative 2 can provide a finer granularity for UL power states. For example, a formula can be used to calculate the relative power value based on the number of symbols occupied by a transmission. According to TR 38.840, power of 1 symbol PUCCH is obtained by power of long PUCCH multiplied by 0.3. Assuming the long PUCCH or PUSCH occupies 14 symbols, power of PUCCH or PUSCH with other number of symbols can also be obtained by power of long PUCCH multiplied by a coefficient. The coefficient C can be derived by C = 0.3 + (N-1)/13*0.7, where N is the number of symbols the PUCCH or PUSCH or UL power state occupied.
In summary, alternative 2 is more precise, but alternative 1 is simple and avoids any excessive discussion. Alternative 1 is slightly preferred. 
[bookmark: _Toc25822][bookmark: _Toc11067][bookmark: _Toc71569121]For XR evaluation, the following two alternatives for UL power states can be considered.
[bookmark: _Toc5497][bookmark: _Toc823][bookmark: _Toc71569122]Alt 1: Use the original power states and do not add more power states.
[bookmark: _Toc4953][bookmark: _Toc3885][bookmark: _Toc71569123]Alt 2: Power of PUCCH or PUSCH with different number of symbols can be obtained by power of long PUCCH or PUSCH multiplied by a coefficient. The coefficient can be calculated by C = 0.3 + (N-1)/13*0.7, N is the number of symbols the UL power state occupied.
· power model for S slot
S slot includes DL symbols and UL symbols. In TR 38.840, the following assumptions are provided.
	TR 38.840
For simplicity, 
-	The slot-averaged power for "PDCCH+PDSCH+PUCCH" is same as "PDCCH+PDSCH"
-	The slot-averaged power for "PDSCH+PUCCH" is same as "PDSCH-only"
-	The slot-averaged power for "PDCCH+PUCCH" is the sum of "PDCCH-only" power and "short PUCCH" power.
-	Note: PDCCH-only with cross-slot scheduling scaling is also applicable
-	Note: it is observed via evaluations (where 0dBm PUCCH Tx power is assumed) that the difference is not significant 


In TR 38.840, power for S slot is obtained via evaluations (where 0dBm PUCCH Tx power is assumed). 
For different UE transmission power, the power of short PUCCH can varies from 75(@0dBm) to 210(@23dBm). Therefore it is inappropriate to use the power of “PDCCH+PDSCH” as the power of "PDCCH+PDSCH+PUCCH" or use the power of “PDSCH-only” as the power of "PDSCH+PUCCH" at 23dBm. Our suggested method is as following,
· Determining the power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH”at 23dBm;
· Obtaining the power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH”at other transmission power according to the power at 0dBm and 23dBm.
An exemplary calculation for the power at 23dBm. Power of short PUCCH is 210 units at 23dBm and only one symbol is used to transmit PUCCH. Assuming the power of the 2 UL symbols(including one symbol for micro sleep) is X units and the other symbols are micro sleep. X≈170 is obtained according to the formula X + 12*(45/14) = 210.
Then the power of “PDSCH+PUCCH” can be set to 280+170 = 450 units at 23dBm.
And the power of “PDCCH+PDSCH+PUCCH” can be set to 300+170 = 470 units at 23dBm.
[bookmark: _Toc19134][bookmark: _Toc71569124]Power of “PDSCH+PUCCH” should be 450 at 23dBm, and power of “PDCCH+PDSCH+PUCCH” should be 470 at 23 dBm.
Power value at other transmission power can be obtained by step or linear function which is agreed for UL power.
In RAN1#104b-e meeting, UL traffic model of pose/control was settled. The packet size is 100byte and may be scheduled in S slot. Therefore, “PDCCH+PDSCH+PUSCH”, “PDSCH+PUSCH” and “PDCCH+PUSCH” should be considered.
[bookmark: _Toc71569231]UL data may be scheduled in S slot.
Since the number of UL symbol is small in S slot, the following two methods can be considered:
· Method 1: The power of “PDCCH+PDSCH+PUSCH”, “PDSCH+PUSCH” and “PDCCH+PUSCH” can be same as the power of “PDCCH+PDSCH+PUCCH”, “PDSCH+PUCCH” and “PDCCH+PUCCH” respectively.
· Method 2: The power of “PDCCH+PDSCH+PUSCH”, “PDSCH+PUSCH” and “PDCCH+PUSCH” are the sum of corresponding DL power consumption and PUSCH power consumption. For example, the power value of “PDCCH+PUSCH” is equal to the sum of power of “PDCCH-only” and power of “PUSCH”.
[bookmark: _Toc29089][bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400]Conclusion
Observation 1:	UL data may be scheduled in S slot.

Proposal 1:	When DL and UL performances are evaluated independently, joint capacity for DL and UL is obtained by min{C_DL,C_UL}.
Proposal 2:	Adopt the power model of 0 dBm for UE with transmit power less than 0 dBm.
Proposal 3:	For FR2, re-use the 350 relative power in case no new power state is further defined for 23dBm.
Proposal 4:	For XR evaluation, the following two alternatives for UL power states can be considered.
Alt 1: Use the original power states and do not add more power states.
Alt 2: Power of PUCCH or PUSCH with different number of symbols can be obtained by power of long PUCCH or PUSCH multiplied by a coefficient. The coefficient can be calculated by C = 0.3 + (N-1)/13*0.7, N is the number of symbols the UL power state occupied.
Proposal 5:	Power of “PDSCH+PUCCH” should be 450 at 23dBm, and power of “PDCCH+PDSCH+PUCCH” should be 470 at 23 dBm.
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Appendix Power model for antenna
In appendix, power model for antenna is discussed.
· Power model for antenna
In TR 38.840, the following power consumption scaling rule related to antenna is shown in Table A1.
Table A1 UE power consumption scaling for adaptation
	Scaling for FR1
	Proposal
	Comment

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm FR1 only
	2Tx support is not considered for FR2.


UE transmission power will be changed according to power control technique. Therefore the antenna scaling in TR 38.840 is not enough because the antenna scaling for the transmission power other than 0dBm and 23dBm isn't provided. According to RAN1 #104-e meeting, 4Tx may be used for FR2 simulation while no antenna scaling is provided for FR2 in TR 38.840. The simulation assumptions should be modified for XR power consumption evaluation. 
The following method can be used to model the antenna scaling for power consumption within [A, 23dBm] in both FR1 and FR2: 
· 2Tx power is 1.4x 1Tx power within [A,M] and 1.2x.within (M,23dBm].
· 4Tx power is 1.4x 2Tx power within [A,M] and 1.2x.within (M,23dBm].
· M=[20dBm]
· A is 0dBm if UE transmit power less than 0dBm is not considered, otherwise, A is the minimum value of UE transmit power.
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