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1.	Introduction
A new SID [1] was agreed to study XR, including XR-specific power saving. The objectives for power saving are as follows:
	Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.



In this document, we present our views on the XR-specific power saving.
2.	Discussion
According to Study on XR Evaluation for NR [2], it is beneficial for power saving to start onDuration aligning with each XR DL traffic arrival time or to use multiple DRX pattern. That is, there is power saving gain if DRX configuration is configured considering the traffic characteristics. The following table shows the result of power saving evaluation in [2]. 
	8.3.3.1.1.1	DL+UL joint evaluation
Table 8.3.3.1.1.1-1: Summary of FR1, DL+UL power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PSG (%), Note 1,4
	Source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	VR
	30
	eCDRX
	11.64
	4.51 ~ 23.49
	Source 18, Source 7, Source 16

	
	CG
	30
	eCDRX
	6
	
	Source 7

	
	AR (UL 1/2 streams)
	30
	eCDRX
	11.06
	4.6 ~ 20.77
	Source 18

	InH
	VR
	30
	eCDRX
	17.63
	7.23 ~ 25.12
	Source 20, Source 18

	
	
	45
	eCDRX
	25.64
	25.63 ~ 25.65
	Source 20

	
	CG
	30
	eCDRX
	18.25
	18.23 ~ 18.26
	Source 20

	
	AR (UL 1/2 streams)
	30
	eCDRX
	12.23
	4.82 ~ 23.61%
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of DL+UL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.



8.3.3.1.1.2	DL-only evaluation
Table 8.3.3.1.1.2-1: Summary of FR1, DL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PSG(%), Note 1,4
	Source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	VR
	30
	eCDRX
	15.70
	5.76 ~ 34.95
	Source 9, Source 18, Source 7, Source 16

	
	
	45
	eCDRX
	18.14
	9.72 ~ 27.26
	Source 18

	InH
	VR
	30
	eCDRX
	20.812
	9.36 ~ 29.43
	Source 20, Source 18

	
	
	45
	eCDRX
	19.96
	9.42 ~ 29.1
	Source 20, Source 18

	
	CG
	30
	eCDRX
	26.38
	26.38
	Source 20

	UMa
	VR
	30
	eCDRX
	18.88
	10.05 ~ 29.06
	Source 18

	
	
	45
	eCDRX
	18.22
	9.86 ~ 27.33
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of DL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.



8.3.3.1.1.3	UL-only evaluation
Table 8.3.3.1.1.3-1: Summary of FR1, UL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PS Gain (%), Note 1,4
	source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	AR UL 1 / 2 streams
	10.2
	eCDRX
	25.56%
	19.89 ~ 32.02%
	Source 18

	InH
	AR UL 1 / 2 streams
	10.2
	eCDRX
	28.67%
	22.66 ~ 35.24%
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of UL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.






Observation 1. There is power saving gain if DRX configuration is configured considering the traffic characteristics.

According to XR SID in [1], XR service can have multiple flows which may be configured to handle different traffic characteristic and the periodicity of XR traffic. For example, Flow#1 is mapped to video frame and Flow#2 is mapped to audio frame. Then, the traffic periodicity of Flow#1 may be shorter than Flow#2. Thus, considering the Observation 1, in terms of power saving, it would be beneficial to apply different DRX configuration for each flow.
Observation 2. In terms of power saving, it would be beneficial to apply different DRX configuration for each flow.

However, in the current specification, it is only allowed to have two DRX groups, i.e., only two DRX configurations are allowed. In order to apply different DRX configuration for each flow, the current two DRX configurations may not be sufficient, and more than two DRX configurations should be able to be configured to support multiple flows of XR service. In our view, if each flow is allowed to be configured with different DRX configuration to fit their traffic characteristic, considerable power saving gain would be achieved. Thus, for power saving in XR, we think RAN2 should consider to allow more than two DRX configurations.
Proposal 1. RAN2 should consider to allow more than two DRX configuration.

Another point to be considered is that, as per the justification of [1], characteristics of the data streams (i.e., video) may be changed during ongoing XR service. In this condition, if DRX configuration can be changed according to the changed characteristic of XR traffic, it is more beneficial for power saving.
Currently, however, DRX configuration can be changed by RRC, and it may not be sufficient to adapt quickly to the changed XR traffic characteristic during ongoing XR service. Thus, from power saving point of view, faster way to change the DRX configuration other than RRC signalling should be considered to apply DRX configuration immediately in response to change of XR traffic characteristic.
Proposal 2. RAN2 should consider how to apply DRX configuration immediately in response to change of XR traffic.

As addressed in the justification of XR SID [1], there is clear different traffic characteristics between UL and DL, i.e., XR services may have high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update). Considering that the optimized DRX configuration matched to the UL traffic characteristics brings a more power saving gain as seen the following table in [2], we think it would be good to apply DRX parameters differently for DL and UL.
Observation 3. Separate DRX parameters for DL and UL is beneficial for power saving.

	[bookmark: _Toc92217222]8.3.3.1.1.3	UL-only evaluation
Table 8.3.3.1.1.3-1: Summary of FR1, UL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PS Gain (%), Note 1,4
	source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	AR UL 1 / 2 streams
	10.2
	eCDRX
	25.56%
	19.89 ~ 32.02%
	Source 18

	InH
	AR UL 1 / 2 streams
	10.2
	eCDRX
	28.67%
	22.66 ~ 35.24%
	Source 18



[bookmark: _Toc92217229]8.3.3.1.2.2	UL-only evaluation	
Table 8.3.3.1.2.2-1: Summary of FR2, UL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PSG(%), Note 1,4
	source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	AR UL 1  stream
	10
	eCDRX
	32.35
	31.72 ~ 32.97
	Source 18

	InH
	AR UL 1 stream
	10
	eCDRX
	37.57%
	36.79 ~ 38.35
	Source 18






Currently, however, only drx-HARQ-RTT-Timer and drx-RetransmissionTimer are separately configured for DL and UL, and others not. In order to provide the optimized DRX configuration for DL traffic and UL traffic separately, we think that at least drx-onDurationTimer and drx-InactivityTimer should be also separately configured for DL and UL.
In addition to DL/UL DRX timer separation, we also think that separate DRX timer for Short DRX cycle and Long DRX cycle may be beneficial from power saving perspective. Short DRX cycle is used when the probability of the DL transmission is expected to be high and Long DRX cycle is used when the probability of the DL transmission is expected to be low. Thus, it is reasonable to use different DRX timers for Short DRX cycle and Long DRX cycle, e.g., drx-onDurationTimer for Short DRX cycle is longer than drx-onDurationTimer for Long DRX cycle. Therefore, we think separate DRX timer for DL/UL and Short DRX cycle/Long DRX cycle should be considered for power saving.
Proposal 3. RAN2 should consider separate DRX timers for DL/UL and Short DRX cycle/Long DRX cycle.

Another important characteristic of XR service is jitter which makes arrival timing random. XR DL data may not arrive at the onDuration due to the jitter and this delayed DL data may be received in the next DRX cycle. In this case, the packet delay budget requirement of XR DL data may not be met and the XR service quality may be deteriorated. 
In order to resolve the impact of jitter, longer value of onDuration time may be considered as a simple way. However, just longer value of onDuration time may not be a sufficient solution and some enhancements to avoid unnecessary power consumption should be considered. This is because even if the longer value of onDuarion time is introduced, XR DL data still may not arrive during onDuration time with longer value due to jitter and the UE should monitor PDCCH unnecessarily during this long onDuration time. Considering that many serving cells may be configured to support high DL data rate and multiple flows of XR services, unnecessary power consumption would be significant and serious since the UE should monitor PDCCH on all serving cells belonging to a DRX group unnecessarily during this long onDuration time.
Thus, if the longer value of onDuration time is introduced to cover jitter, we think it would be desirable to monitor PDCCH on all serving cells only when XR DL traffic is expected, i.e., no need to monitor PDCCH on all serving cells during onDuration time if XR DL traffic is not expected to be received.
Proposal 4. RAN2 needs to study how to reduce unnecessary PDCCH monitoring on all serving cells during onDuration time.

3.	Conclusion
In this document, we present our view on power saving in XR, and made observations and proposals as follows. 
Observation 1. There is power saving gain if DRX configuration is configured considering the traffic characteristics.
Observation 2. In terms of power saving, it would be beneficial to apply different DRX configuration for each flow.
Observation 3. Separate DRX parameters for DL and UL is beneficial for power saving.

Proposal 1. RAN2 should consider to allow more than two DRX configuration.
Proposal 2. RAN2 should consider how to apply DRX configuration immediately in response to change of XR traffic.
Proposal 3. RAN2 should consider separate DRX timers for DL/UL and Short DRX cycle/Long DRX cycle.
Proposal 4. RAN2 needs to study how to reduce unnecessary PDCCH monitoring on all serving cells during onDuration time.
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