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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 agreed the following on the topic of Power Saving for XR:
	1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 
-	DRX enhancements to address the issues of DRX cycle mismatch and jitter
-	Identify necessary parameters from CN for XR-awareness for power saving 
Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact
RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).


We address the issues of DRX cycle mismatch and associated SFN wrap-around in [1]. In this contribution, we compare different approaches for serving XR traffic with minimum power consumption and provide our conclusions.
Discussion
The XR challenge
XR traffic brings the following issues for addressing Power Saving:
· Issue 1: the XR traffic is composed of several media streams, each with different periodicities: video, audio (+data) and pose/control (in UL). This can be viewed as challenging for configuring a DRX cycle that would commonly address all streams.
· Issue 2: the video streams of XR traffic undergoes significant jitter and burst size variations.
· Issue 3: the XR traffic is bidirectional, meaning issue #1 regarding mixed periodicities (and offsets) is two-fold: per direction and across directions.
We summarized the various XR traffic requirements from the Tables of [8] (converged in RAN1 based on trace logs provided by SA4) in Table 1.
[bookmark: _Ref115267572]Table 1: XR traffic streams statistical parameters
	Traffic
	Period (ms)
	Jitter
	Rate (Mb/s)
	Packet size (kbytes)
	Direction
	PDB
	Packet success rate

	
	(120fps)
	(90fps)
	(60fps - baseline)
	
	
	
	
	
	

	Video
	8.33333
	11.1111
	16.66667
	+/- 4ms
	45
	93.7 +/- 50%
	DL & UL
	10ms (baseline DL), 30ms UL
	99%

	Audio + data
	10
	0
	1.12
	1.4
	DL & UL
	30ms
	99%

	Pose/
control
	4
	0
	0.025
	100 bytes
	UL
	10ms
	99%



This heterogeneous mix of UL and DL XR traffic is illustrated, as an example, in Figure 1. It should be noted that Figure 1 provides both a relevant (periodicities do reflect the values in Table 1) although slightly optimistic (the video stream periodicity is the largest from Table 1) usecase. 
[image: ]
[bookmark: _Ref115273310]Figure 1: An example of mix of UL and DL XR traffic
Proposed solutions
In RAN2#119-e, various proposals were included in companies’ contributions. They can be categorized as follows:
· Solution 1: Dynamic adjustment of DRX parameters [2][3]
· Solution 2: Dynamic switching across multiple pre-configured DRX configs[4]
· Solution 3: Multiple DRX configs active simultaneously[5][6]
· Solution 4: Disabling HARQ RTT timer and HARQ reTx timer after a PUSCH transmission over CG, for some configured CGs e.g. carrying pose/control [3]
· Solution 5: Enhancing SPS and/or CG to address efficiently the jitter and packet size variation of the periodic video stream [7]

One single look at Figure 1 is sufficient to rule out Solutions 1-3. Indeed, because of the non-periodic behavior of the aggregated stream, dynamically adjusting the DRX parameters (e.g. cycle or offset) to match the next data burst occurrence (solution #1) is just not possible as it would require permanent signaling from gNB to follow the “on-durations” of the aggregated stream. And given the non-periodic nature of the aggregated stream, it is not possible either to configure the UE with a predefined set of parameters it would switch across at pre-defined times. Plus this would be extremely complex. Solution #2 undergoes the same issue. As for solution #3, it is clear from Figure 1 that maintaining multiple DRX configurations (e.g. one for each media stream), also accounting for the jitter intervals, on top of being very complex, would end-up keeping the UE permanently jumping across on-durations of the various configurations, i.e. spending minimum time outside on-duration. This ends-up being very inefficient, power-wise.

Observation 1: Solutions based on dynamic adjustment of DRX parameters, or switching across DRX configurations, or maintaining multiple active DRX configurations are impractical, very complex, but most of all, power-inefficient.

On the contrary, it is obvious that the fundamental power saving gain of the DRX feature results from the DRX cycle configuration: the larger the DRX cycle, the higher the power saving. Such basic principle should be kept also with XR because each component of the aggregated stream is periodic, thus can be nicely served by SPS and CG, which are not constrained by on-duration intervals. This also provides the benefit of configuring short on-duration intervals, thus maximizing the power saving. So, for example, in the usecase of Figure 1, the DRX cycle should be configured to match the periodicity of the sparsest stream, here the 16.66ms video stream, either UL or DL. And each stream should be served by an SPS or CG configuration matching its periodicity and offset, with occasions most of the time occurring outside DRX on-durations.

Observation 2: When serving XR traffic, DRX cycle should be configured to match the periodicity of the sparsest stream, thus maximizing the power saving performance.

Observation 3: Each individual XR stream is periodic and can be served by SPS or CG, even outside the DRX on-durations.

Proposal 1: RAN2 favours SPS and CG enhancements over DRX enhancements to best serve XR traffic while maximizing the power efficiency.

Further details on SPS and CG enhancements
From Table 1, it is clear that both audio/data and pose/control streams are very steady-state streams with no expected jitter nor burst size variations. Hence they can be addressed by legacy SPS and CG without modifications.

Observation 4: Both audio/data and pose/control streams can be served by legacy SPS or CG.

Thus we can focus on the specific issues of the video stream: jitter and burst size variation.

In DL, outside DRX Active Time, the UE can receive SPS but does not monitor PDCCH (unless wrong decoding). So a problem occurs when a video burst (frame) arrives late due to jitter, (see case 2 of Figure 2) or if the burst is bigger than the SPS size (see case 3 of Figure 2): the gNB cannot provide a DL assignment for it since the UE does not monitor the PDCCH. In such cases, the burst is either lost (due to exceeding the PDB) or sent late in the next DRX on-duration (via a dynamic assignment). The simple solution we propose to solve both issues is to allow gNB transmitting a new MAC CE carrying a dynamic assignment (DA) in the SPS occasion telling the UE about the additional assignment to receive the late (case 2) or leftover of (case 3) XR burst. This approach does not require the UE to monitor the PDCCH but simply receive the additional PDSCH in the new DA. Note in the late arrival case, even if the gNB didn’t yet receive the frame at the time of the SPS occasion, it knows it will come eventually and up to when it can expect to receive it, so it could anticipate an associated DL assignment, to be provided in the MAC CE.



[bookmark: _Ref115278693]Figure 2: Complementing an SPS resource with additional dynamic assignment embedded in a MAC CE transmitted in the SPS resource
Proposal 2: RAN2 to further study SPS enhancements where an SPS resource is complemented with additional dynamic assignment embedded in a MAC CE transmitted in the SPS resource.

In UL, different from DL, the legacy drx-RetransmissionTimerUL guarantees that UE monitors PDCCH after the CG transmission and so, can receive a complementary DG. Similar to DL, in case of jitter, the gNB not receiving any data in the CGO can anticipate the burst is late and provide a corresponding dynamic grant while the drx-RetransmissionTimerUL is running. And, when the burst cannot fit the CG resource, gNB could derive there is some leftover bytes to receive for this burst based on its knowledge of the current state of the UE buffer for this LCH. However, considering the potential large jitter variations, it is possible in some cases, e.g. for the 120 fps (8.33ms periodicity) video stream, that the next frame has already arrived in the UE buffer while the current one it still being transmitted. Thus the legacy BSR may not be sufficient to unambiguously inform the gNB of the leftover bytes of that burst. Therefore a simple BSR enhancement is proposed in [9] (given it also provides a capacity benefit) to inform the gNB of the leftover bytes of an on-going burst. Alternately, some further CG enhancements are proposed in [10] to address jitter and burst size variation of the periodic XR traffic.

[bookmark: _GoBack]Proposal 3: RAN2 to further study BSR enhancements enabling informing the gNB of the leftover bytes of an on-going UL video burst.

Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Observation 1: Solutions based on dynamic adjustment of DRX parameters, or switching across DRX configurations, or maintaining multiple active DRX configurations are impractical, very complex, but most of all, power-inefficient.
Observation 2: When serving XR traffic, DRX cycle should be configured to match the periodicity of the sparsest stream, thus maximizing the power saving performance.
Observation 3: Each individual XR stream is periodic and can be served by SPS or CG, even outside the DRX on-durations.
Proposal 1: RAN2 favours SPS and CG enhancements over DRX enhancements to best serve XR traffic while maximizing the power efficiency.

Observation 4: Both audio/data and pose/control streams can be served by legacy SPS or CG.
Proposal 2: RAN2 to further study SPS enhancements where an SPS resource is complemented with additional dynamic assignment embedded in a MAC CE transmitted in the SPS resource.
Proposal 3: RAN2 to further study BSR enhancements enabling informing the gNB of the leftover bytes of an on-going UL video burst.
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