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Introduction
In 3GPP TSG RAN1#103-e meeting, the following agreements on deployments and simulation assumptions were reached [1]. Some items need further study. So, in this contribution, remaining issues and more considerations are discussed.
	Agreement:
Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.
Agreement:
Urban Macro can be reported for XR/CG evaluations only for FR1.
· FFS: whether Uma is optional or not
· Following parameters can be assumed.
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	Layout
	21cells with wraparound
ISD = 500 m

	BS Tx power
	FR1: 49 dBm/20 MHz


Agreement:
It is to be further discussed how to prioritize the combinations of deployment scenarios and applications after traffic models for each application are stable.
Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations
Agreement:
Adopt the following TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
FFS detailed S slot format
Note: Other TDD configuration or FDD can be optionally evaluated.
Agreement:
For XR/CG evaluation, adopt the following assumptions for downtilt
· Dense Urban
· FFS: 6 or 12 degree
· Indoor hotspot
· 90° (pointing to the ground)
Other downtilt can be optionally evaluated
Agreement:
System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2
Agreement:
For outdoor scenarios, the BS antenna parameters are as follows.
· FFS FR1,
· Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
· Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.85λ)
· FR2:
· TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
Other configurations can be optionally evaluated.
Agreement:
UE antenna parameters for XR/CG evaluations are as follows
· FR1:
· Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
· Optional: 4T/4R, 1T/2R, 2T2R
· FFS FR2: down-selection between the next two options. Please indicate if you have preference.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°
Agreement: Baseline power evaluation methodology
· TR38.840 is the baseline methodology potentially with some modifications if necessary.  RAN1 aim to minimize modeling effort. 


Discussions 
Deployments and Applications 
· Combinations of deployment scenarios and applications
The deployments of interest for XR have been studied in RAN1 #103-e meeting. Indoor hotspot and dense urban are adopted.
In SA4, it is proposed to prioritize completing the work for VR2, AR2 and CG [2], so the deployments of VR2 AR2 and CG should be determined first. 
The number of possible combinations of deployment scenarios and applications can be up to six. Considering the simulation work load, it is proposed to reduce the number of combinations for evaluation.
VR is a rendered version of a delivered visual and audio scene requiring a user to wear a head mounted display, to completely replace the user's field of view with a simulated visual component, and to wear headphones, to provide the user with the accompanying audio. According to the VR use case of “Untethered Immersive Online Gaming” provided in TR 26.928, several VR users may be on travel and connect with each other via a stand-alone HMD [3]. Therefore VR can be used in outdoor scenario.
As CG can be played using a device (e.g., mobile phone), CG could be used in both indoor and outdoor scenarios. 
AR2 (XR conversational) is an application when a user is provided with additional information or artificially generated items or content overlaid upon their current environment [4] featuring more UL traffic. Since people usually have a meeting at office or at home, indoor scenario can be combined with AR2.
Both Umi and Uma can be used for outdoor scenario. The different simulation parameters between Uma and Umi scenarios are ISD and BS Tx power. Since Umi is already accepted, there is no need to add one more channel model of outdoor scenarios.
[bookmark: _Toc61951549]Uma should be optional.
Considering the feature of these scenarios, the following proposal is drawn.
[bookmark: _Toc32348][bookmark: _Toc10856][bookmark: _Toc61951550]Prioritize the following combinations of deployment scenarios and applications:
[bookmark: _Toc11264][bookmark: _Toc17655][bookmark: _Toc61951551]- Indoor: AR2 and CG
[bookmark: _Toc27906][bookmark: _Toc9969][bookmark: _Toc61951552]- Umi: CG and VR2
· Whether to prioritize the FR1 for evaluation
As discussed above, there are up to 4 combinations of deployments and applications. To evaluate the performance of XR better, more evaluation results are needed. If companies evaluate both FR1 and FR2, the simulation workload is heavy. If it's up to each company to provide simulation results for the preferred FR type, it is hard for calibration and challenging to collect sufficient simulation results to draw observations. Therefore, prioritization of one FR type is needed in the beginning of the evaluation.
Prioritization one FR type is needed in the beginning of the evaluation for calibration and simulation result synthesis
In RAN1 #103-e meeting, evaluation methodology and assumption for FR1 were mostly accomplished. RAN1 still need more work on evaluation methodology including the bandwidth and UE antenna for FR2. The power model for FR2 in TR 38.840 still have many power states that need to be determined given power consumption is highly likely to be evaluated. For example, the UE transmission power and antenna factor are still blank for FR2. It is much easier to have a set of agreeable simulation assumption for FR1. Therefore FR1 should be prioritized for evaluation.
[bookmark: _Toc32117][bookmark: _Toc21782][bookmark: _Toc61951553]Prioritize the FR1 for evaluation.
Evaluation methodology and assumptions
In this section, evaluation methodology and assumptions are discussed. 
System capacity
For evaluation of XR/CG applications, system capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied in RAN1 #103-e meeting. X is 90 or 95 or other values. However, the exact ‘satisfied’ requirements are not determined.
Considering UE experience, ‘satisfied’ UE should satisfy the latency, reliability, data rate requirement. The reliability, bit rate and latency requirement for XR split rendering and cloud gaming are provided in SA4[5]. The packet loss rate (PLR) and delay are shown in Table 1. 
Table 1 Packet loss rate and delay requirement
	
	Packet loss rate(PLR)
	Delay requirement

	XR split rendering
(VR2, AR2)
	10e-3: no maxSize restriction
10e-4: maxSize 1500 byte restrictions
	Delay threshold: 60ms
Delay for RAN1: 20ms

	Cloud gaming
	
	Delay threshold: 80ms
Delay for RAN1: 20ms


The packets scheduled later than delay threshold are considered as late losses [5]. Delay of the packet arriving at the gNB/Radio is 15-47ms, and the remaining delay budget for RAN1 can be obtained by using delay threshold subtracting latency of the packet arriving at the gNB/Radio as shown in Figure 1.  
[image: ]
Figure 1 Delay for Split Rendering
In Table 1, the delay for RAN1 is provided. The transmission of packets needs to be limited within the delay. A packet which is successfully delivered after the delay can barely provide additional information for other packets and is considered as loss in RAN1 simulation.
As discussed above, a packet which is delayed more than PDB is counted as a loss. The PDB is associated with two values, one is a fixed ‘Delay for RAN1’ (i.e., 20ms), the other is ‘remaining PDB for RAN1’ (i.e., 13-45ms for split rendering). The PDB can be determined as a minimum of Delay for RAN1 and remaining PDB for RAN1. 
A packet which is delayed more than PDB is counted as a loss. The PDB is obtained by min(Delay for RAN1, remaining PDB for RAN1).
In SA4, XR Trace with left and right eye are already accepted. Left and right eye buffers are sent either in an interleaving manner or at the same time. The 3D geometric information of the object is recovered based on the principle of parallax. Parallax is obtained according to the visions of both eyes. The loss of Trace in either eye may influence the recovery of the 3D geometric information and UE experience. Therefore, the packet loss rate for both left and right eye should be less than 10-3 or 10-4 if traffic for two eyes is considered.
[bookmark: _Toc6048][bookmark: _Toc21355][bookmark: _Toc61951554]UE is satisfied if the packet loss rate is less than 10-3 or 10-4 for VR2, AR2 and CG. 
· [bookmark: _Toc28414][bookmark: _Toc8932][bookmark: _Toc61951555]Delay threshold for VR2 and AR2 is 60ms and delay threshold for CG is 80ms.
· [bookmark: _Toc13599][bookmark: _Toc17721][bookmark: _Toc61951556]Note: The packet loss rate for both left and right eye should be less than 10-3 or 10-4 if traffic for two eyes is considered
[bookmark: _Toc7244][bookmark: _Toc61951557]When multiple drops are simulated, the percentage of satisfied users can be calculated by averaging the percentage of satisfied users across multiple drops.

Power consumption
For XR traffic, huge data packets are transmitted frequently, UE power consumption will thus become large. Power consumption will impact user experience especially for XR services using un-tethered device. To evaluate the power consumption impact on XR, the following metrics can be considered:
· The average power consumption among multiple UEs,
· The power distribution of different power states among multiple UEs.
The power consumption for different UE is different, the average power consumption among multiple UEs can provide an overview of power consumption of XR. The power distribution can show which power state is the main contributor for power consumption.
[bookmark: _Toc8026][bookmark: _Toc61951558]To evaluate the power consumption on XR, the following metrics can be considered:
· [bookmark: _Toc30180][bookmark: _Toc61951559]The average power consumption among multiple UEs,
· [bookmark: _Toc30421][bookmark: _Toc61951560]The power distribution of different power states among multiple UEs.
If XR power consumption is large according to evaluation, reducing UE power consumption is good for a better user experience. However, when using a power saving technique, the latency could also increase. This is because most power saving gain is achieved by letting UE ‘sleep’ longer. The longer the UE ‘sleeps’, the larger the latency is. The following are power saving techniques and corresponding latency impact in Rel-15 and Rel-16[6].
Table 2 Power saving techniques and corresponding latency impact
	Power saving techniques
	Latency impact

	DRX
	Latency is related to DRX setting

	WUS
	Additional 2% - 13% latency comparing to the baseline of DRX is configured

	Cross slot scheduling
	<4% if minimum K0 value is less than 4
up to 15% for larger minimum K0 values

	SCell dormancy
	0.1% - 2.6%


The increased latency does not impact UE experience if the power saving techniques are used for the traffic that are not sensitive to latency. However, the capacity of XR traffic is associated with the latency. Increased latency may impact the system capacity. That is, power saving techniques will impact system capacity. According to the simulation results of DRX configuration which are provided in our companion contribution [7], the capacity is decreased when DRX is configured. Therefore, power saving gain is not the only performance metric that needs to be considered, the latency or impact on capacity should be considered together.
[bookmark: _Toc5299]Power saving technique will have impact on system capacity. Power saving and capacity should be jointly considered.
How to carry out evaluations to assess the tradeoff between capacity impact and power saving gain should be carefully discussed. The power saving gain and latency impact may be different with different settings of a power saving technique. Lots of settings of one power saving technique may need to be evaluated before obtaining a ‘satisfied’ setting e.g. 5% loss of capacity. Even more evaluations are needed to obtain a well-balanced power saving technique harnessing the capacity-power tradeoff. ‘Satisfied’ means a power saving technique with a setting can provide decent power saving gain at the cost of tolerable capacity loss. The simulation workload is high if many power saving techniques are evaluated. 
Lots of settings and power saving techniques may need to be evaluated before obtaining a ‘satisfied’ setting or a well-balanced power saving technique.
Companies can provide simulation results of capacity impact and power saving gain. And the simulation results provided from each company can be jointly used to find a ‘satisfied’ setting or a best power saving techniques. This may decrease the simulation workload and find a ‘satisfied’ setting given the TU allocated for this study.
[bookmark: _Toc15169][bookmark: _Toc61951561]Companies can provide simulation results of capacity impact together with power saving gain instead of power saving gains subject to predefined threshold on the capacity loss. 
Evaluation assumptions
· System bandwidth for FR2
	System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2


For FR1, 200MHz system bandwidth can be implemented by CA. In case larger bandwidth is needed to deliver decent system capacity, it's up to companies to report CA setting and evaluate other system bandwidth beyond baseline. 
[bookmark: _Toc14581][bookmark: _Toc27187][bookmark: _Toc61951562]System bandwidth for XR/CG evaluations are as follows.
· [bookmark: _Toc11933][bookmark: _Toc14049][bookmark: _Toc61951563]For FR1,
· [bookmark: _Toc18344][bookmark: _Toc8336][bookmark: _Toc61951564]Baseline: 100 MHz
· [bookmark: _Toc9047][bookmark: _Toc5603][bookmark: _Toc61951565]Optional: 20/40 MHz 
· [bookmark: _Toc2286][bookmark: _Toc22965][bookmark: _Toc61951566]Note: Companies can report CA setting and evaluate with other system bandwidth using CA.
· BS antenna
For outdoor scenarios, the following three options for BS antenna parameters for FR1 were provided in RAN1 #103-e meeting.
	For outdoor scenarios, the BS antenna parameters are as follows.
· FFS FR1,
· Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
· Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.5λ)


Large number of antennas can increase the system capacity. In [8], BS antenna configuration of (M,N,P,Mg,Ng) = (8,8,2,1,1) can be used for Urban deployment, thus option 1 is preferred.
[bookmark: _Toc6636][bookmark: _Toc14406][bookmark: _Toc61951567]For outdoor scenarios, the BS antenna parameter is 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8), (dH, dV) = (0.5λ, 0.5λ)
· UE antenna
The following two options for UE antenna parameters are provided during RAN1 #103-e meeting.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0°and 90°
Option 1 would require companies to report (Mp, Np) parameters, risking having different results due to the different settings. To better compare the companies' results, unified parameters are better choice.
[bookmark: _Toc11010][bookmark: _Toc27585][bookmark: _Toc61951568]The following UE antenna parameters for XR/CG evaluations are proposed:
· [bookmark: _Toc15353][bookmark: _Toc12606][bookmark: _Toc61951569]4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°.
· S slot format
[bookmark: _GoBack]S slot includes DL symbols and UL symbols. Given the frame structure is DDDSU, the UL symbols should occupy the last several symbols of the S slot to increase the scheduling chance for UL traffic. Since the DL traffic accounts for the majority, S slot including 10 DL symbols and 2 UL symbols is preferred. Figure 2 illustrates our preferred S slot format where DL symbols locate in the beginning of S slot and UL symbols occupy the last two symbols of the S slot.
[image: ]
Figure 2 S slot format
[bookmark: _Toc15813][bookmark: _Toc61951570]S slot format is 10D:2F:2U.

· Downtilt for dense urban
As dense urban is using UMi channel model and the definition of UMi can be referred to TR 38.901, downtilt for Umi in TR 38.901 which is 12 degree can be used.
[bookmark: _Toc2488][bookmark: _Toc9733][bookmark: _Toc61951571]For XR/CG evaluation, adopt the following assumptions for downtilt
[bookmark: _Toc21870][bookmark: _Toc30662][bookmark: _Toc61951572]Dense Urban: 12 degree
Additional Power model
· Power model for antenna
In TR 38.840, the following power consumption scaling rule related to antenna is shown in Table 3.
Table 3 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. Two alternatives could be considered to this end,
Alt 1: To simplify the scaling model and resultant simulation efforts, current two coefficients of antenna scaling can be reused for other transmission power.
Alt 2: The power state within (0dbm,23dbm) is obtained via linear interpolation

[bookmark: _Toc9756][bookmark: _Toc29031][bookmark: _Toc61951573]RAN 1 down-selects from the following alternatives to model the antenna scaling for power consumption within [0dBm, 23dBm]: 
[bookmark: _Toc9997][bookmark: _Toc61951574]		Alt 1: 2Tx power is 1.4x 1Tx power within [0dBm,M] and 1.2x.within (M,23dBm]
[bookmark: _Toc24588][bookmark: _Toc61951575]Note: M is the median value of transmission power in mw domain instead of dB domain and is same for other related proposals.
[bookmark: _Toc8837][bookmark: _Toc61951576]		Alt 2: The power state within (0dbm,23dbm) is obtained via linear interpolation
The antenna scaling used for more than one Tx is not considered for FR2 according to TR38.840. As discussed in section 2.2.3, 4Tx is preferred for UE antenna simulation. Therefore, antenna scaling used for 4Tx is provided in this section. The antenna scaling for FR1 can be reused for FR2 in the sense that 4Tx power can be derived by reusing the factors which are used for calculating 2Tx power from 1Tx power.

[bookmark: _Toc28650][bookmark: _Toc61951577]4Tx power is 1.4x 2Tx power within [0dBm,M] and 1.2x.within (M,23dBm] for FR1. If option 2 for UE antenna is used, the antenna scaling for FR1 will be reused for FR2.
· Power model for UL power state
In XR services, pose information is generated in the XR device, where the sampling rates are controlled by the application. The more frequently the pose information is captured, the more accurate the rendering process is. Once the pose information is ready in the XR device, it will be delivered to the XR server periodically. Moreover, UE may as well transmit pose, control and scene, due to which the power consumption of UL traffic should not be ignored in the simulation.
In TR38.840, the following power states for uplink are considered.







Table 4 UE power consumption model
	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


The UE power consumption due to UL transmission depends largely on power consumption of power amplifier. Larger transmission power leads to larger PA power consumption. The power model in TR 38.840 only provided UL(long PUCCH or PUSCH) power at 0dBm(250 units) and 23dBm(700 units). It is not enough because the transmission power will vary according to power control technique. According to the deviations exhibited by current UL power model at 0dBm and 23dBm, the transmission power has great impact on the UL power consumption evaluations. Therefore states for the relative value corresponding to the transmission power within (0,23dBm) should be determined. 
Transmission power will vary according to power control technique and has great impact on the UL power consumption evaluations
In RAN1 #103-e meeting, UE max transmission power for XR evaluation is set to 23dBm. Two simple methods can be considered to model the relative power for transmission power between 0dBm and 23dBm.
Alt 1: Reusing the power values at 0dBm and 23dBm. UL(long PUCCH or PUSCH) power value is 250 within [0dBm, M], and UL power value is 700 within (M, 23dBm].
Alt 2: Linear interpolation technique. The following formula can be used to obtain the UL power between 0dBm and 23dBm.
Y = 250 + 2.25*X. 
X is transmission power in mw, Y is UL power at X mw.
[bookmark: _Toc29934][bookmark: _Toc9436][bookmark: _Toc61951578]RAN 1 down-selects between the two methods for relative value modeling between UL transmission power with (0dBm 23dBm) for FR1, 
[bookmark: _Toc2518][bookmark: _Toc15694][bookmark: _Toc61951579]Alt 1: UL(long PUCCH or PUSCH) power value is 250 within [0dBm, M], and UL power value is 700 within (M, 23dBm].
[bookmark: _Toc20389][bookmark: _Toc27273][bookmark: _Toc61951580]Alt 2: Y = 250 + 2.25*X, X is transmission power in mw, Y is UL power at X mw.

Table 4 encapsulates only three power states for UL, while lacks transmission power level for the relative power 350 under FR2. 
One thing worth considering is that if power consumption on FR2 needs to be evaluated. If the answer is yet, then it is necessary to settle down the transmission power on FR2. The value 350 is larger than the value 250(0 dBm) and less than the value 700(23 dBm) under FR1. Considering the power under FR2 is usually larger than the counterpart under FR1, the power value for UL being 350 at 0 dBm and 800 at 23 dBm respectively is reasonable. For the power value other than 0dBm or 23dBm, the following methods similar to additional power value derivation under FR1 can be considered.
[bookmark: _Toc9215][bookmark: _Toc6963][bookmark: _Toc61951581]RAN 1 down-selects between the two methods for UL power between 0dBm and 23dBm for FR2, 
[bookmark: _Toc1258][bookmark: _Toc15826][bookmark: _Toc61951582]Alt 1: UL(long PUCCH or PUSCH) power value is 350 within [0dBm, M], and UL power value is 800 within (M, 23dBm].
[bookmark: _Toc24335][bookmark: _Toc30517][bookmark: _Toc61951583]Alt 2: Y = 350 + 2.25*X, X is transmission power in mw, Y is UL power at X mw.
Furthermore, it is worth discussing whether the three power states are enough for XR evaluation. According to the characteristics in Table 4, long PUCCH or PUSCH/Short PUCCH/ SRS has a same power value no matter how many symbols it occupies. In principle, the three power states are representative to cover 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 alternative 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 A can be derived by A = 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.

[bookmark: _Toc25822][bookmark: _Toc11067][bookmark: _Toc61951584]For XR evaluation, the following two alternatives for UL power states can be considered.
[bookmark: _Toc823][bookmark: _Toc5497][bookmark: _Toc61951585]Alt 1: Use the original power states and do not add more power states.
[bookmark: _Toc3885][bookmark: _Toc4953][bookmark: _Toc61951586]Alt 2: Power of PUCCH or PUSCH with different number of symbols can be obtained by power of long PUCCH multiplied by a coefficient. The coefficient can be calculated by A = 0.3 + (N-1)/13*0.7, N is the number of symbols the PUCCH or PUSCH or 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). In XR evaluation, UL traffic is also important and transmission power larger than 0dBm should not be ignored. 
For UE transmission power larger than 0dBm, the power of UL symbols can be large. For example, short PUCCH power at 23dBm is 210 units which is close to the power of “PDCCH+PDSCH” or “PDSCH-only”. 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. Power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH” for transmission power other than 0dBm should thus be discussed. Our suggested method is as following,
Firstly, power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH”at 23dBm should be determined. Then power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH”at other transmission power can be obtained 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.
Accordingly, the following proposal is drawn
[bookmark: _Toc19134][bookmark: _Toc61951587]Power of “PDSCH+PUCCH” is 450 at 23dBm, and power of “PDCCH+PDSCH+PUCCH” is 470 at 23 dBm.
[bookmark: _Toc26675][bookmark: _Toc61951588]Power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH” at other transmission power can be obtained according to the following 2 alternatives.   
[bookmark: _Toc198][bookmark: _Toc61951589]	Alt 1: Power of “PDSCH+PUCCH” is 280 at [0dBm, M], and power of “PDSCH+PUCCH” is 450 within (M, 23dBm]. Power of “PDCCH+PDSCH+PUCCH” is 300 within [0dBm, M], and power of “PDCCH+PDSCH+PUCCH” is 470 at (M, 23dBm].
[bookmark: _Toc5367][bookmark: _Toc61951590]	Alt 2: Power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH” at other transmission power can be obtained using linear interpolation.
[bookmark: _Toc29089][bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400]Conclusion
Observation 1: Prioritization one FR type is needed in the beginning of the evaluation for calibration and simulation result synthesis
Observation 2: A packet which is delayed more than PDB is counted as a loss. The PDB is obtained by min(Delay for RAN1, remaining PDB for RAN1).
Observation 3: Power saving technique will have impact on system capacity. Power saving and capacity should be jointly considered.
Observation 4: Lots of settings and power saving techniques may need to be evaluated before obtaining a ‘satisfied’ setting or a well-balanced power saving technique.
Observation 5: Transmission power will vary according to power control technique and has great impact on the UL power consumption evaluations

Proposal 1:	Uma should be optional.
Proposal 2:	Prioritize the following combinations of deployment scenarios and applications:
- Indoor: AR2 and CG
- Umi: CG and VR2
Proposal 3:	Prioritize the FR1 for evaluation.
Proposal 4:	UE is satisfied if the packet loss rate is less than 10-3 or 10-4 for VR2, AR2 and CG.
	Delay threshold for VR2 and AR2 is 60ms and delay threshold for CG is 80ms.
	Note: The packet loss rate for both left and right eye should be less than 10-3 or 10-4 if traffic for two eyes is considered
Proposal 5:	When multiple drops are simulated, the percentage of satisfied users can be calculated by averaging the percentage of satisfied users across multiple drops.
Proposal 6:	To evaluate the power consumption on XR, the following metrics can be considered:
	The average power consumption among multiple UEs,
	The power distribution of different power states among multiple UEs.
Proposal 7:	Companies can provide simulation results of capacity impact together with power saving gain instead of power saving gains subject to predefined threshold on the capacity loss.
Proposal 8:	System bandwidth for XR/CG evaluations are as follows.
	For FR1,
	Baseline: 100 MHz
	Optional: 20/40 MHz
	Note: Companies can report CA setting and evaluate with other system bandwidth using CA.
Proposal 9:	For outdoor scenarios, the BS antenna parameter is 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8), (dH, dV) = (0.5λ, 0.5λ)
Proposal 10:	The following UE antenna parameters for XR/CG evaluations are proposed:
	4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°.
Proposal 11:	S slot format is 10D:2F:2U.
Proposal 12:	For XR/CG evaluation, adopt the following assumptions for downtilt
Dense Urban: 12 degree
Proposal 13:	RAN 1 down-selects from the following alternatives to model the antenna scaling for power consumption within [0dBm, 23dBm]:
Alt 1: 2Tx power is 1.4x 1Tx power within [0dBm,M] and 1.2x.within (M,23dBm]
Note: M is the median value of transmission power in mw domain instead of dB domain and is same for other related proposals.
Alt 2: The power state within (0dbm,23dbm) is obtained via linear interpolation
Proposal 14:	4Tx power is 1.4x 2Tx power within [0dBm,M] and 1.2x.within (M,23dBm] for FR1. If option 2 for UE antenna is used, the antenna scaling for FR1 will be reused for FR2.
Proposal 15:	RAN 1 down-selects between the two methods for relative value modeling between UL transmission power with (0dBm 23dBm) for FR1,
Alt 1: UL(long PUCCH or PUSCH) power value is 250 within [0dBm, M], and UL power value is 700 within (M, 23dBm].
Alt 2: Y = 250 + 2.25*X, X is transmission power in mw, Y is UL power at X mw.
Proposal 16:	RAN 1 down-selects between the two methods for UL power between 0dBm and 23dBm for FR2,
Alt 1: UL(long PUCCH or PUSCH) power value is 350 within [0dBm, M], and UL power value is 800 within (M, 23dBm].
Alt 2: Y = 350 + 2.25*X, X is transmission power in mw, Y is UL power at X mw.
Proposal 17:	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 multiplied by a coefficient. The coefficient can be calculated by A = 0.3 + (N-1)/13*0.7, N is the number of symbols the PUCCH or PUSCH or UL power state occupied.
Proposal 18:	Power of “PDSCH+PUCCH” is 450 at 23dBm, and power of “PDCCH+PDSCH+PUCCH” is 470 at 23 dBm.
Proposal 19:	Power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH” at other transmission power can be obtained according to the following 2 alternatives.
Alt 1: Power of “PDSCH+PUCCH” is 280 at [0dBm, M], and power of “PDSCH+PUCCH” is 450 within (M, 23dBm]. Power of “PDCCH+PDSCH+PUCCH” is 300 within [0dBm, M], and power of “PDCCH+PDSCH+PUCCH” is 470 at (M, 23dBm].
Alt 2: Power of “PDSCH+PUCCH” and “PDCCH+PDSCH+PUCCH” at other transmission power can be obtained using linear interpolation.
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