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[bookmark: _Ref35586532][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis-e, the following agreement was achieved:
	1: At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.


This contribution addresses our considerations on enhancements for XR power saving.
Discussion
1.1. Multiple XR traffic flows with different periodicities
1.1.1  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 [1] (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
1.1.2 [bookmark: _Ref118222640] Target traffic usecase for DRX enhancements
In order to match the different periodicities of multiple XR traffic, some companies propose to introduce multiple active DRX configurations with different cycles. However, 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, and complex.
On the contrary, it is clear that other XR traffic but the video (i.e. audio/data and pose/control) is very static and periodic, with no expected jitter or packet size variation. As a result, these streams should be best served by SPS and CG. Since SPS and CG are DRX agnostic, the DRX configuration can be set to match the video stream periodicity, and the potential DRX enhancements should only focus on this traffic usecase.
Proposal 1: Other XR traffic but the video (i.e. audio/data and pose/control) are best served by SPS and CG which are DRX-agnostic, so that DRX enhancements should only focus on the XR video traffic usecase.
Moreover, in RAN1#110, RAN1 had the following agreement [2]:
	Conclusion 
UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.


As a result, it should not be expected that the UL and DL bursts of the XR video streams are nicely aligned, when designing DRX enhancements.
Proposal 2: RAN2 should not assume that the UL and DL bursts of the XR video streams are nicely aligned, when designing DRX enhancements.
1.2. [bookmark: _Ref118222401]DRX cycle mismatch
To address the DRX cycle misalignment issue, several possible solutions are being proposed/discussed in RAN1 and RAN2[3]:
Alt 1: The UE and the network dynamically adjust certain DRX parameters with L1/L2 signalling.
RRC configures multiple DRX configurations or multiple values for a certain (set of) parameter(s) of DRX and uses L1/L2 signalling to indicate which one(s) is/are used.
Alt 2: The UE and the network adjust synchronously the DRX pattern according to an RRC pre-configuration.
The network configures a RRC pre-configured pattern, e.g., multiple start offsets within one DRX cycle. The UE adjusts the DRX cycles according to the RRC pre-configured pattern. Taking the typical 60fps as an example, three DRX start offsets, e.g., (0ms, 16ms, 33ms), can be configured in a DRX cycle of 50ms, or three DRX cycles including 16ms, 17ms, 17ms to be used in a round. Or, similarly, the UE autonomously applies certain shift to DRX start offset every N cycles according to an RRC pre-configured pattern. E.g. for XR frame rate with 60 fps, the UE corrects the offset (adding a time offset of 2 ms) every 3 cycles.
Alt3: Non-integer DRX cycles and floor operations in DRX formulas are introduced.
In this option, non-integer rational numbers in short/long DRX cycles are introduced and floor operations in DRX formulas for CDRX enhancement are added.
Several companies support alt1 as it can be used to solve other issues, including SFN wraparound or multi-flows. But alt1 key issue is that it introduces large signalling overhead. For example, just for addressing the DRX cycle mismatch, for an XR frame rate of 60 fps, the network needs to send L1/L2 signalling to indicate which DRX start offset is used every 50ms. In addition, the potential ambiguity issue exists between the network and UE in case of the missed signaling. The more the signalling overhead, the higher the risk of transmission failure is. 
With alt2, in order to match different non-integer DRX cycles, it would require a large number of configurations. For example: For XR frame rate with 90fps, 9 DRX start offsets, e.g., (0ms, 11ms, 22ms, 33ms, 44ms, 55ms, 66ms, 77ms, 89ms) need to be configured in a DRX cycle of 100ms. And adjusting DRX start offset every N cycles according to RRC pre-configured patterns introduces new DRX formula. Indeed, although the number of configured parameters with the “adjustment” approach is less than when configuring all DRX starting offsets explicitly, it requires the UE to remember the number of DRX cycles that have already been started for the UE to adjust the DRX start offset after every N cycles, which requires upgrading the DRX formula[4].
Moreover, a general comment associated with this multi-configuration switching or dynamic parameters adjustment is that it can be shown to address (more or less efficiently) the current frame rates under study, but it is not guaranteed to work for any kind of non-integer periodicity, hence such approach is not really future-proof.
With alt3, floor operations are introduced in the DRX formulas and the current DRX formulas are reused as much as possible. It introduces small impact on specifications and is future-proof.
Proposal 3: Capture in the TR the following possible solutions for addressing the DRX cycle misalignment issue:
· Alt 1: The UE and the network dynamically adjust certain DRX parameters with L1/L2 signalling.
· Alt 2: The UE and the network synchronously adjust the DRX pattern according to some RRC pre-configuration.
· Alt3: Non-integer DRX cycles are supported and floor operation is introduced in the DRX formulas.
Proposal 4: Capture in the TR the following observations associated with each alternative:
· Alt 1: It can be used to solve other issues such as SFN wraparound and multi-traffic. But it introduces large signalling overhead (e.g. L1/L2 signalling every 50ms) and the potential ambiguity issue exists between the network and UE in case of the missed signalling.
· Alt 2: It would require a large number of configurations for some cases and requires a new DRX formula.
· Alt3: The current DRX formulas are reused as much as possible. It introduces small impact on specifications and is future-proof.
Proposal 5: Use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching for addressing the DRX cycle misalignment issue are de-prioritized in the WI.
1.3. [bookmark: _Ref118222404]Jitter handling
Considering the delay requirement of XR traffic, the DRX on-duration should take the jitter range into account, e.g. configure drx-onDurationTimer more than 8ms. However, it will result in more UE power consumption, especially for the short video periods, e.g. 8.33ms, 11.11ms, 16.66 ms. Therefore, several companies suggest configuring a shorter on-duration that could be dynamically adjusted via L1/L2 signaling in case of late data arrival (or data expected late). However this raises a UE power saving / signaling overhead trade-off. Indeed, assuming a uniform distribution of the arrival time within the jitter range, the likelihood of sending a signaling adjustment per DRX period is 0%, 50%, 75%, and 90% if the DRX on-duration is configured to span 100%, 50%, 25% and 10% of the jitter range, respectively. On the other hand, the shorter the on-duration, the higher the DRX efficiency is. So, taking the off-duration over the DRX cycle ratio as DRX efficiency metric, we can assess the above trade-off in Table 2. As can be observed, in order to achieve a DRX efficiency greater than 50% for the highest frame rates, on-duration adjustments are required at least every other DRX cycle. From signaling perspective, we don’t think it is reasonable at all that network RRC configures a semi-static periodic configuration that it dynamically updates every other cycle or at even higher rate. This is no longer a semi-static configuration.  
Table 2: DRX efficiency / signaling overhead trade-off
	DRX efficiency = off-duration / DRX cycle
	DRX on-duration (in % of jitter range)

	Video frame rate (fps)
	Periodicity (ms)
	100%
	75%
	50%
	25%
	10%

	120
	8.333
	4%
	28%
	52%
	76%
	90%

	90
	11.111
	28%
	46%
	64%
	82%
	93%

	60
	16.667
	52%
	64%
	76%
	88%
	95%

	 Adjustments (=signaling) per cycle
	0
	0.25
	0.5
	0.75
	0.9



Observation 1: Dynamically adjusting the DRX on-duration to address the XR video traffic jitter is a trade-off between the DRX efficiency, power-wise, and the overhead of the adjustment signaling.
Observation 2: In order to keep some decent power saving efficiency of DRX, dynamically adjusting the DRX on-duration to address the XR video traffic jitter results in sending adjustments at least every other cycle.  
Proposal 6: Capture the above observations and Table 2 in the TR. 
1.4. Other open issues associated with RRC pre-configuration and switching of configurations
Per the RAN2 agreement echoed in Section 1, the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching is considered for enhancements of XR power saving. We discussed the applicability of such approaches for addressing the non-integer nature of the XR video stream periodicity as well as the jitter in Sections 2.2 and 2.3, respectively. Here we discuss several other issues that will need to be addressed when/if designing such approaches.
· UL and DL bursts
As discussed in Section 2.1.2, UL and DL bursts are not expected to be aligned. However DRX, to be efficient, is applied at UE level, i.e. DRX on-duration and off-duration are expected to apply commonly to UL and DL traffic. Thus, within a DRX cycle, it is questionable if the configuration switching and/or dynamic parameters adjustments will follow the misaligned UL and DL bursts.
Observation 3: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed if the configuration switching and/or dynamic parameters adjustments will follow the misaligned UL and DL bursts within a DRX cycle.
· HARQ/Inactivity timers
The DRX procedure involves HARQ and Inactivity timers. Then upon receiving a configuration switching command, it is unclear what UE behavior should be wrt these timers, if running. Should they be stopped or continued or set to a new value?
Observation 4: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed what should be the UE behavior with respect to the HARQ and inactivity timers, if running. Should they be stopped/continued/etc…?
· Impact on legacy DCP
Legacy DCP is designed to work on a steady-state periodic DRX behavior. Upon switching the DRX configuration resulting in adjusting the DRX pattern, it should be studied how this will impact the DCP configuration as well as the UE behavior wrt a DCP indication received before the configuration switch.
Observation 5: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed how it will impact the DCP operation and configuration.
Proposal 7: Capture the above observations in the TR observations.
1.5. Coexistence with L1 solutions
RAN1 is also studying in parallel L1-based solutions (e.g. reuse of R17 PDCCH monitoring adaptation) also aiming at providing power saving gains in presence of XR traffic, i.e. minimizing the PDCCH monitoring. Given these enhancements are independent of DRX, we would suggest to allow coexisting L1 and L2 based solutions in the same UE. One possibility for enabling this is to separate the features in different cells, where some cells would deploy the L1-based enhancements without DRX, and some other would not, thus allowing deploying DRX. 
Proposal 8: RAN2 supports DRX enabling on cell basis thus allowing clean separation of L1 and L2 based power saving solutions in different cells.
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Multiple XR traffic flows with different periodicities:
Proposal 1: Other XR traffic but the video (i.e. audio/data and pose/control) are best served by SPS and CG which are DRX-agnostic, so that DRX enhancements should only focus on the XR video traffic usecase.
Proposal 2: RAN2 should not assume that the UL and DL bursts of the XR video streams are nicely aligned, when designing DRX enhancements.
DRX cycle mismatch:
Proposal 3: Capture in the TR the following possible solutions for addressing the DRX cycle misalignment issue:
· Alt 1: The UE and the network dynamically adjust certain DRX parameters with L1/L2 signalling.
· Alt 2: The UE and the network synchronously adjust the DRX pattern according to some RRC pre-configuration.
· Alt3: Non-integer DRX cycles are supported and floor operation is introduced in the DRX formulas.
Proposal 4: Capture in the TR the following observations associated with each alternative:
· Alt 1: It can be used to solve other issues such as SFN wraparound and multi-traffic. But it introduces large signalling overhead (e.g. L1/L2 signalling every 50ms) and the potential ambiguity issue exists between the network and UE in case of the missed signalling.
· Alt 2: It would require a large number of configurations for some cases and requires a new DRX formula.
· Alt3: The current DRX formulas are reused as much as possible. It introduces small impact on specifications and is future-proof.
Proposal 5: Use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching for addressing the DRX cycle misalignment issue are de-prioritized in the WI.
Jitter handling:
Observation 1: Dynamically adjusting the DRX on-duration to address the XR video traffic jitter is a trade-off between the DRX efficiency, power-wise, and the overhead of the adjustment signaling.
Observation 2: In order to keep some decent power saving efficiency of DRX, dynamically adjusting the DRX on-duration to address the XR video traffic jitter results in sending adjustments at least every other cycle.  
Proposal 6: Capture the above observations and Table 2 in the TR.
Other open issues associated with RRC pre-configuration and switching of configurations:
Observation 3: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed if the configuration switching and/or dynamic parameters adjustments will follow the misaligned UL and DL bursts within a DRX cycle.
Observation 4: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed what should be the UE behavior with respect to the HARQ and inactivity timers, if running. Should they be stopped/continued/etc…?
Observation 5: When considering the use of multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching, it should be discussed how it will impact the DCP operation and configuration.
Proposal 7: Capture the above observations in the TR observations.
Coexistence with L1 solutions:
Proposal 8: RAN2 supports DRX enabling on cell basis thus allowing clean separation of L1 and L2 based power saving solutions in different cells.
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Annex: TP to TR 38.835 (R2-2210814)
[bookmark: _Toc117275308]5.2		Power Saving Techniques
[bookmark: _Toc117275309]5.2.1	Physical Layer Enhancements
[bookmark: _Toc117275310]5.2.2	Layer 2 Enhancements
The XR traffic is composed of several media streams, each with different periodicities: video, audio (+data) and pose/control (in UL). Other XR traffic but the video (i.e. audio/data and pose/control) are best served by SPS and CG which are DRX-agnostic, so that DRX enhancements should only focus on the XR video traffic usecase. And RAN2 should not assume that the UL and DL bursts of the XR video streams are nicely aligned, when designing DRX enhancements.
Some XR frame rates (30fps, 60fps, 90fps, 120fps) corresponds to periodicity which is not an integer (33.33ms, 16.66ms, 11.11ms and 8.33ms).
DRX cycle mismatch issue:
In current DRX, Long and Short DRX Cycles can only be configured with an integer period, thus resulting in a mismatch between the expected XR packet arrivals and the C-DRX cycle. To address the DRX cycle misalignment issue, several possible solutions are being proposed/discussed in RAN1 and RAN2:
· Alt 1: The UE and the network dynamically adjust certain DRX parameters with L1/L2 signalling.
· Alt 2: The UE and the network synchronously adjust the DRX pattern according to some RRC pre-configuration.
· Alt3: Non-integer DRX cycles are supported and floor operation is introduced in the DRX formulas.
Alt 1 can be used to solve other issues such as SFN wraparound and multi-traffic. But it introduces large signalling overhead (e.g. L1/L2 signalling every 50ms) and the potential ambiguity issue exists between the network and UE in case of the missed signalling.
Alt 2 would require a large number of configurations for some cases and requires a new DRX formula.
With Alt3, the current DRX formulas are reused as much as possible. It introduces small impact on specifications and is future-proof.
Jitter handling:
Considering the delay requirement of XR traffic, the DRX on-duration should take the jitter range into account, e.g. configure drx-onDurationTimer more than 8ms. However, it will result in more UE power consumption, especially for the short video periods, e.g. 8.33ms, 11.11ms, 16.66 ms. Therefore, a solution configuring a shorter on-duration that could be dynamically adjusted via L1/L2 signaling in case of late data arrival (or data expected late) is proposed. However this raises a UE power saving / signaling overhead trade-off. Indeed, assuming a uniform distribution of the arrival time within the jitter range, the likelihood of sending a signaling adjustment per DRX period is 0%, 50%, 75%, and 90% if the DRX on-duration is configured to span 100%, 50%, 25% and 10% of the jitter range, respectively. On the other hand, the shorter the on-duration, the higher the DRX efficiency is. So, taking the off-duration over the DRX cycle ratio as DRX efficiency metric, we can assess the above trade-off in Table 5.x.
Table 5.x: DRX efficiency / signaling overhead trade-off
	DRX efficiency = off-duration / DRX cycle
	DRX on-duration (in % of jitter range)

	Video frame rate (fps)
	Periodicity (ms)
	100%
	75%
	50%
	25%
	10%

	120
	8.333
	4%
	28%
	52%
	76%
	90%

	90
	11.111
	28%
	46%
	64%
	82%
	93%

	60
	16.667
	52%
	64%
	76%
	88%
	95%

	 Adjustments (=signaling) per cycle
	0
	0.25
	0.5
	0.75
	0.9


It can be observed: Dynamically adjusting the DRX on-duration to address the XR video traffic jitter is a trade-off between the DRX efficiency, power-wise, and the overhead of the adjustment signaling. In order to keep some decent power saving efficiency of DRX, dynamically adjusting the DRX on-duration to address the XR video traffic jitter results in sending adjustments at least every other cycle.
Other further considerations:
If multiple pre-configured DRX configurations and/or L1/L2 dynamic parameters adjustments/configuration switching is considered for enhancements of XR power saving, several other issues need to be addressed:
· If the configuration switching and/or dynamic parameters adjustments will follow the misaligned UL and DL bursts.
· What should be the UE behavior with respect to the HARQ and inactivity timers, if running. Should they be stopped/continued/etc…?
· how it will impact the DCP operation and configuration?
In addition, RAN2 supports DRX enabling on cell basis thus allowing clean separation of L1 and L2 based power saving solutions in different cells.
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