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Introduction
In RAN1#104-e [1], XR applications, traffic model and evaluation methodology were discussed. The following was agreed:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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)

Agreements: At least for XR/CG capacity evaluation, for DL and UL 
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together 
· FFS details both the baseline and the optional evaluations
 
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 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

Agreements: For UL UE power consumption evaluation for UE with transmit power X [0, 23] dBm, adopt the following 
· Option 1: 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
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Option 2: 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
While, some FFS still remains open including simulation model, evaluation methodology, and key performance metric. This paper discusses the remaining issues of simulation assumption and evaluation methodology.

Simulation assumptions and evaluation methodology 
Simulation assumption 
Most simulation assumptions for XR/CG evaluations have been agreed. The following remaining issue about TDD configurations for XR/CG evaluation need to be further studied.· FFS whether or not to differentiate the two TDD configuration options (e.g., mandatory vs. optional)
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
· Option 2: DDDUU






According to the UL traffic model and QoS parameters of CG/VR from working assumption in RAN1#104-e, the uplink traffic is assumed with period of 4ms and fixed packet size of 100bytes. Option 1 TDD configuration has at least one UL slot within 4 ms with 30 kHz SCS and is enough to meet the UL traffic requirement. Therefore, option1 could be mandatory and option2 could be optional for UL traffic of strict performance requirement, e.g., UL video stream.

Proposal 1: For XR/CG evaluation, TDD configuration with “DDDSU” could be mandatory and TDD configuration with “DDDUU” could be optional for better UL performance. 

Evaluation methodology
In the section, we discuss the remaining issues for XR/CG evaluation methodology. 
Regarding to the DL&UL evaluation, the remaining issue from RAN1#104e is following:· FFS details both the baseline and the optional evaluations 
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together

 



Joint DL & UL simulation might take into account the ACK/NACK feedback directly for more precise HARQ performance. However, most of detailed signal processing has been modeled with abstracted form in the system evaluation to capture the main aspects for the performance evaluation and reduce the simulation complexity. In joint DL & UL simulation, validity of ACK/NACK feedback could be simulated by a correct probability of feedback, e.g., 1%. But the validity of ACK/NACK feedback has little impact to the evaluation result. The DL and UL traffics should be modeled and simulated independently to capture the desired performance matrices separately. The advantage of joint DL and UL simulation are negligible with most of signal processing in abstracted form in the system level simulation.   
Proposal 2: For XR/CG evaluations, the DL and UL traffics should be modeled and simulated independently to capture the desired performance matrices in two different simulations, and the DL and UL related metrics are collected separately.   
Proposal 3: For XR/CG evaluations, joint DL and UL simulation should be optional.
 
About the power evaluation for XR/CG, C-DRX as baseline or optional and C-DRX configuration details need to be further studied.
· Case 2 (FFS optional or baseline): UE power consumption assuming Rel-15/16 CDRX configuration
· FFS CDRX configuration details




C-DRX is most realizable techniques applied widely in network deployment for not only for UE power saving, but also for gNB load balancing of UE processing. Thus, C-DRX should be set as baseline for the power consumption evaluation. Since the periodic nature of XR traffic, C-DRX could be configured with parameters matching the inter-arrival time of certain traffic type for each UE. Matched C-DRX configuration to the traffic inter-arrival time would achieve UE power saving with minimum impact to the latency. Table 1 shows two different C-DRX configuration parameters, and the C-DRX 2 configuration adopts the drx-SlotOffset value corresponding to the initial traffic arrival time in DRX cycle. Figure 1 shows the power saving gain and capacity of C-DRX with different configurations. The traffic arrives 60 FPS periodically. It could be observed that the C-DRX that matches the inter-arrival time of traffic achieves better power saving performance. 
Table 1: C-DRX configuration parameters
	DRX configuration
	DRX Cycle
	OnDurationTimer
	InactivityTimer

	C-DRX 1
	160ms
	100ms
	8ms

	C-DRX 2
	17ms
	10ms
	2ms



	
	

	a) Power
	b) Capacity


Figure 1: Power saving gain and capacity loss of CDRX with different configuration.
Proposal 4: The C-DRX configuration should be baseline to evaluate XR/CG UE power consumption. Detailed CDRX configuration should match the inter-arrival time of certain traffic type for each XR/CG UE. 

In addition, for the format of power saving gain, there is different view that the power saving gain includes all UE or only satisfied UE.· FFS all UEs or only satisfied UEs are included for obtaining the PS gain


The PS gain will be affect by the unsatisfied UEs. The unsatisfied UEs often unable to transmit successfully within a PDB due to the bad channel condition and power saving schemes that prolong the transmit time. UE in bad channel condition spends more time in retransmission in general, which reduce the power saving gain. On other hand, power saving scheme often increase the packet latency, which has the result of UE unable to meet the capacity requirement. UEs whose packet latency is affected by power saving scheme consume less power due to more time in deep/light sleep, which couples with the results of achieves higher power saving gain. Table 2 and table 3 show the power saving gain of C-DRX 2 with all UE and satisfied UE, respectively. To obtain more comprehensive performance of power saving schemes, all UEs should be included in obtaining power saving gain.
Table 2: Power saving gain of C-DRX with all UEs
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	
	
	

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

	Case 1
	-
	-
	-
	-
	5 / 6

	C-DRX 2
	10.37%
	4.9 %
	9.87 %
	17.28%
	2 / 6



Table 3: Power saving gain of CDRX with satisfied UEs
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell / #UEs per cell

	
	
	
	

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

	Case 1
	-
	-
	-
	-
	5 / 6

	C-DRX 2
	5%
	0.56 %
	3.5 %
	14.2%
	2 / 6



Proposal 5: To obtain more comprehensive performance of power saving schemes for XR/CG evaluation, all UEs should be included in obtaining power saving gain.
For UE UL transmit power model, RAN1#104e had discussed the UE power consumption in relation to the Tx power values other than 0dBm and 23dBm. There are two options as follows, · [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Option 1: Consider only two Tx power values as defined in TR 38.840 
· Option 2: 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 for UL UE transmit power (e.g., mandatory vs. optional)
· FFS whether or not to consider UE with transmit power less than 0 dBm








The UE power consumption in relation to the UL transmit power consists of two parts, i.e., the power consumption of baseband processing and RF processing. For the transmit power varied linearly from 0dBm to 23dBm, the UE power consumption of linear power amplifier, which generated different transmit power, is not much different. The power consumptions of the baseband processing and RF processing are the same for different level of Tx power at the antenna connector. On other word, the UE power consumption is not linear when the transmit power is linear from 0dBm to 23dBm. Thus, the linear interpolation method for Tx power values other than 0dBm and 23dBm is unreasonable, and option 1 is sufficient for UE UL power consumption other than 0dBm and 23dBm.
[bookmark: _GoBack]Proposal 6: For XR/CG power evaluation, support of  two Tx power values as defined in TR 38.840, and not support of the linear interpolation method in linear scale for Tx power values other than 0dBm and 23dBm.

Even the UE transmit power is less than 0dBm, the RF unit of UE is still work consuming energy. The UE power consumption when the transmitted power is less than 0dBm approaches that when the transmitted power is 0dBm. For simpler the power model, power consumption of the transmit power less than 0dBm could be assumed that of 0dBm.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 7: For simplicity, power consumption of 0dBm UE transmission power could be used for UE transmission power less than 0dBm.

Additional power consumption model 
 ‘S’ slot power consumption: 
In TR 38.840, the power consumption model for UE power saving has been modeled, including the ‘S’ slot power consumption. The TDD configuration is agreed as ‘10D:2G:2U’ in RAN1#104e. Since the duration of the guard symbols is too short, the UE is unable to transition to micro sleep state. The RF processing could not complete shut down during a short duration of guard symbols. The ‘S’ slot power consumption can reuse power consumption model of DL physical channel and UL physical channel concurrence at same slot at TR 38.840, e.g., ‘PDCCH+ PUCCH’, ‘PDSCH+PUCCH’. 
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.


UL power consumption: 
In TR 38.840, the UL power consumption is modeled as followed:
Table 4: UL power consumption model at TR 38.840
	Power state
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	UL
	Long PUCCH or PUSCH
	250(0dBm)
700(23dBm)
	350

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

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


The UL power consumption of FR1 at TR 38.840 could be reused for XR/ CG power evaluation. For FR2, the UL power consumption of 0dBm and 23dBm should be further clarified. 
Proposal 8: The power consumption model can be reused at power evaluation for XR/CG. The UL power consumption of 0dBm and 23dBm for FR2 should be further studied. 

Power saving schemes 
In RAN1#104-e, the baseline without any power saving scheme and case1 with C-DRX are agreed to evaluate power consumption. Rel-15/16/17 power saving schemes could be considered for XR power evaluation. 
· DRX adaptation with UE wake up 
DRX adaptation with wake up obtains the power saving gain through the WUS indicate the UE sleep at the DRX cycle without data transmission. This power saving scheme helps XR/CG UE to sleep during the period with no XR/CG service. 
· PDCCH skipping
PDCCH skipping means gNB indicates the UE whether to monitor PDCCH or not by dynamic signaling. Due to XR/CG traffic high throughput and low latency, frequent PDCCH monitoring is needed to support XR/CG service. The PDCCH skipping scheme can reduce the unnecessary power consumption of PDCCH monitoring, which is beneficial for XR/CG device battery, e.g. head-mounted display.
Conclusion 
In this contribution, XR use cases, evaluation methodologies and traffic model are discussed and analyzed. Based on discussion, we have the following proposals:
Proposal 1: For XR/CG evaluation, TDD configuration with “DDDSU” could be mandatory and TDD configuration with “DDDUU” could be optional for better UL performance. 
Proposal 2: For XR/CG evaluations, the DL and UL traffics should be modeled and simulated independently to capture the desired performance matrices at in two different simulations, and the DL and UL related metrics are collected separately.  
Proposal 3: For XR/CG evaluations, joint DL and UL simulation should be optional.
Proposal 4: The C-DRX configuration should be baseline to evaluate XR/CG UE power consumption. Detailed CDRX configuration should match the arrival time of certain traffic type for each XR/CG UE. 
Proposal 5: To obtain more comprehensive performance of power saving schemes for XR/CG evaluation, all UEs should be included in obtaining power saving gain.
Proposal 6: For XR/CG power evaluation, support of two Tx power values as defined in TR 38.840, and not support of the linear interpolation method in linear scale for Tx power values other than 0dBm and 23dBm.
Proposal 7: For simplicity, power consumption of 0dBm UE transmission power could be used for UE transmission power less than 0dBm.
Proposal 8: The power consumption model can be reused at power evaluation for XR/CG. The UL power consumption of 0dBm and 23dBm for FR2 should be further studied. 
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