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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#104-e meeting, the Rel. 17 FS_NR_XR_eval SID [1] was discussed. The following was agreed [2] on the topic of XR evaluation methodology:
	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: For XR evaluation, ideal channel estimation can be optionally evaluated.
Agreements:System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz, 2*100 MHz with CA
· FR2
· Option 1: 100 MHz
· Option 2: 400 MHz
Companies should report the CA setting if CA is adopted.
Other system bandwidth can also be optionally evaluated.

Agreements:For outdoor scenarios, the BS antenna parameters are as
· 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)
Company to report the BS antenna parameters for XR/CG evaluation. 
Other BS antenna parameters can also be optionally evaluated.

Agreements:For FR2, UE antenna parameters for XR/CG evaluations are as follows.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· 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°
Company to report the UE antenna parameters for XR/CG evaluation. 
Other UE antenna parameters can also be optionally evaluated.

Agreements: For XR/CG evaluation, adopt following assumptions for BS height for Urban Macro
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	BS height
	25m



Agreements:For Dense urban and Urban Macro, the UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873.
	
	
	Urban Micro/Macro cell 
with high UE density
(3D-UMi) /(3D-UMa)

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)




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: For Dense urban for XR/CG evaluation, update the agreement in RAN1 #103e for channel model as follows.
· Dense urban: FR1 and FR2
· Channel model: UMi UMa. Detailed definition of UMi UMa refers to TR 38.901.
 
Agreements For XR/CG evaluation, adopt 12 degree for downtilt for Dense Urban in FR1.
· Other downtilt value can also be optionally evaluated
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.

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


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



In this contribution, we present our views on key XR evaluation methodology and proposals for moving forward.

Evaluation Methodology
In last meeting, it was agreed that two options are to be adopted for the TDD configuration. The DDDUU and DDDSU where the detailed S slot format is 10D:2F:2U. Further differentiating between the two options as in mandatory or optional was left for future study. In our views the detailed format of S may cause additional complexity. Therefore, we suggest that the detailed S format may be optional while the configuration with S being only downlink i.e. DDDUU may be mandatory. Moreover, having either of the options mandatory is important to decrease the workload and have better chance of aligning results from different companies.
Proposal 1: Have the configuration DDDSU where the detailed S slot format is 10D:2F:2U as optional while the DDDUU configuration mandatory.

UE battery life is an important aspect of the XR user's experience. To facilitate further discussion on evaluation of power saving effect of different power saving schemes, several references were defined including a baseline scheme, a power saving scheme and optional genie scheme. 
The baseline includes the case where the UE is all on i.e. the UE is always available for gNB scheduling. A power saving scheme was also listed as part of the schemes. The power saving is based on the Rel-15/16 CDRX configuration. It is yet to be discussed whether this scheme is an optional scheme or baseline scheme. In our opinions, Rel-15/16 power saving scheme assuming CDRX configuration should be considered as baseline scheme and any proposed scheme with enhancements must show gains over the CDRX baseline in order to correctly evaluate its advantage. If the CDRX scheme is left as optional, it may then not be evaluated and a power saving scheme may show larger gains over the baseline where the UE is always on while in reality it may provide little to no gains over CDRX scheme.
 Proposal 2: Consider the Rel-15/16 CDRX scheme as a baseline scheme. Companies which provide power saving enhancements/adaptations over this scheme may evaluate the power saving gains when compared to this baseline.

When the UE is in RRC connected state, it keeps monitoring PDCCH. During this period of monitoring, if any DL/UL grant have been received, then the DRX inactivity timer and the main RRC Inactivity timer are restarted. However, when the DRX Inactivity time gets expired (when there are no further grants for UL or DL); the UE may enter in the short DRX cycle or long DRX cycle depending on the DRX configuration. Configuration of the DRX includes the inactivity timer duration and duration of ON period. In our views, C-DRX configurations for XR traffic should be carefully chosen depending on the high traffic load model. For the cases when a longer cycle is considered, higher power saving may be achieved while increasing the delay causing the packet to not meet the latency bound. Therefore, longer cycles may be avoided for XR traffic. It is also important to note that this would also affect the capacity. 

Observation1: C-DRX configuration has direct impact on capacity and latency. A longer DRX cycle may increase the latency and overall decrease the capacity.
Given the frame rate is 60Hz or 120 Hz, ideally speaking, the CDRX cycle may be set to be close to 16msec or 8msec. From [4], the DRX-ShortCycle parameter may be set to 16msec. 
Given the C-DRX cycle value, the On duration may be chosen to be at least no more than 50% (or even down to 25%) of the CDRX for example, from [4] the drx-onDurationTimer may take on values of 1, 2 or 4 msec. Ideally speaking, some meaningful time left should be present for the UE to sleep; otherwise, there won’t be much power saving gain. During the On period, the gNB needs to be able to send out at least the PDCCH for every XR UE being served within the On period; otherwise the UE will go into sleep. So, the On period needs to be long enough to guarantee reception of the PDCCH.
The inactivity timer should be long enough so that, if the XR frame isn’t sent within the On period, there is high confidence that the XR frame can be sent before the inactivity timer expires. 
One set of configurations may consider a cycle closer to the interarrival packets time
· Short cycle Duration 16msec,
· On duration 3msec 
· Inactivity Timer 3 msec 
Given the latency requirement for XR applications may have a PDB of 10msec or 15msec and possibly due to modelling of the jitter, the cycle duration may not necessarily equal to the data cycle. In this case the data may arrive during the Off period. In the worst-case scenario, the data arrives right after an ON period has ended. In this case, there should be (PDB-sleepduration) time left to ensure that the data can be received while meeting the PDB. Therefore, in our views, a shorter cycle may be evaluated in this regard. The goal of using the shorter cycle is to meet the PDB while offering some power savings. A shorter cycle may have the following 
· Short Cycle Duration 4 msec
· On duration to be 1 msec
· inactivity timer to be 1 or 2 msec. 
Proposal 3: Study two main sets of C-DRX configurations: a shorter cycle to ensure data received while meeting the PDB and a longer cycle possibly closer to the interarrival time. An optional configuration with values between the two bounds may also be considered
C-DRX configuration 1: 
· Short cycle duration 16msec,
· On duration 3msec 
· Inactivity Timer 3 msec 
C-DRX configuration 2:
· Short cycle duration 4msec
· On duration to be 1msec
· Inactivity timer to be 1 or 2msec. 
C-DRX configuration 3:
· Short cycle duration 8msec
· On duration to be 2msec
· Inactivity timer to be 1or 2msec

As part of the power evaluations, the UE power consumption for XR is evaluated in conjunction with impact on latency, user experience and capacity.  In this regard, a table was agreed to collect results for system level simulation from companies as a starting point. It was left for future study whether the CDF of power saving gains of UEs should include satisfied or all UEs including unsatisfied UEs. 
In our views it seems more reasonable that any power saving scheme to consider only satisfied UEs. The reason is that any power saving scheme for non-satisfied UE is meaningless while their power consumption should count as waste of battery life. 
In one scenario assuming both satisfied and unsatisfied UEs are considered in the CDF;  if a power saving enhancement is proposed and shown to have large gains compared to baseline, the gains may be due to having unsatisfactory UEs power consumption decrease while it is irrelevant whether an unsatisfactory UE power saving provides power saving gains or not since this UE is not counted towards the capacity of the system. In other words, a meaningful power saving scheme may prove to be advantageous if it shows gains for satisfactory UEs counted towards the capacity.
Moreover, since the capacity of the system is defined as the maximum number of users per cell with at least X% (X=90 or 95) of UEs being satisfied. We think a similar definition in regard to power saving should be adopted – that is it only includes the satisfactory UEs. This is critical especially when capacity of the system reduces due to power saving scheme. 
An unsatisfied UE may even not continue the use of service and may terminate the service. Therefore, counting this UE in the power savings may not bring value as the UE may discontinue after experiencing high PER. 
Furthermore, a more appropriate approach would compare the same load of the system with and without power savings. For example, in one scenario, the capacity may be 10 UEs/cell without power savings. In another scenario with a power saving scheme, the capacity may drop to 5 UEs/cell and the power savings may be shown to be 40% for each UE. However, even without power saving scheme, the power consumption per UE will be lower when the system load is lower due to less congestion and less interference in the system. Therefore, in order to have a fair comparison, same load should be used to compare per UE power consumption across different schemes. At the same time, impact to system capacity due to power saving scheme also needs to be evaluated.  
Proposal 4:  The gains from power saving scheme is to compare the schemes with same load of served UEs. Impact to system capacity from power saving scheme is also evaluated. CDF of power saving schemes should include only satisfactory UEs for the following reasons:
· Unsatisfied UE may terminate the service and therefore counting the power savings may not bring value
· Capacity definition includes only satisfactory UEs, a power saving scheme may follow a similar reasoning
· Unsatisfied UE may not be counted towards the capacity of the system, a meaningful power saving scheme would show gains for satisfactory UEs counted towards the capacity
Finally, regarding the UL power consumption evaluations. It was yet to be agreed whether or not to consider UE with transmit power less than 0 dBm.
In our views, power consumption modeling should consider below 0 dBm transmit power. On one hand, very low power transmission (below 0 dBm) is possible, especially in indoor scenario where the distance between the UE and the TRP is very short. For such a case, it is reasonable to set a lower bound value to model power consumption, either for 0 dBm or smaller transmission power. On the other hand, if there is no transmission at all such as the case when there is no UL traffic and the UE and devices may enter into sleep mode, then an even lower power consumption level need to be modeled for power savings evaluations. 

Proposal 5: Consider having UE with transmit power less than 0 dBm to account for all transmit power cases including the case when there is not transmission for accurate power consumption evaluations.

Conclusions
In this contribution, we present our views on evaluation methodology.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: Have the configuration DDDSU where the detailed S slot format is 10D:2F:2U as optional while the DDDUU configuration mandatory.
Proposal 2: Consider the Rel-15/16 CDRX scheme as a baseline scheme. Companies which provide power saving enhancements/adaptations over this scheme may evaluate the power saving gains when compared to this baseline.
Proposal 3: Study two main sets of C-DRX configurations: a shorter cycle to ensure data received while meeting the PDB and a longer cycle possibly closer to the interarrival time. An optional configuration with values between the two bounds may also be considered
C-DRX configuration 1: 
· Short cycle duration 16msec,
· On duration 3msec 
· Inactivity Timer 3 msec 
C-DRX configuration 2:
· Short cycle duration 4msec
· On duration to be 1msec
· Inactivity timer to be 1 or 2msec. 
C-DRX configuration 3:
· Short cycle duration 8msec
· On duration to be 2msec
· Inactivity timer to be 1or 2msec

Proposal 4:  The gains from power saving scheme is to compare the schemes with same load of served UEs. Impact to system capacity from power saving scheme is also evaluated. CDF of power saving schemes should include only satisfactory UEs for the following reasons:
· Unsatisfied UE may terminate the service and therefore counting the power savings may not bring value
· Capacity definition includes only satisfactory UEs, a power saving scheme may follow a similar reasoning
· Unsatisfied UE may not be counted towards the capacity of the system, a meaningful power saving scheme would show gains for satisfactory UEs counted towards the capacity

Proposal 5: Consider having UE with transmit power less than 0 dBm to account for all transmit power cases including the case when there is not transmission for accurate power consumption evaluations.


Observation1: C-DRX configuration has direct impact on capacity and latency. A longer DRX cycle may increase the latency and overall decrease the capacity.
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