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1	Introduction
The following agreements have been made in the previous RAN2 meeting [1]:
	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, …).


Besides, following conclusions/agreements were made in the previous RAN1 meeting [2]:
	Conclusion
Conclude that “SFN wraparound mismatch” is a RAN2 issue. It can be left to RAN2 to address. RAN1 does not further study it.

Agreement
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity

Conclusion
RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA.

Conclusion 
All the proposed PDCCH monitoring adaptation/reduction schemes including those for jitter handling need to be compared against the Rel-17 PDCCH monitoring adaptation which is to be used as performance reference.

Conclusion 
UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.

Conclusion
RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.

For future meetings
Companies are encouraged to account the enhancement of CDRX to align with XR traffic periodicity in their further evaluations for XR power saving enhancements.  

Conclusion: 
· Companies are requested to use the Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.


Considering the agreements/conclusions from RAN1 and RAN2, in this contribution we focus on DRX enhancement for XR traffic alignment and jitter handling.
2	Discussion
2.1	Misalignment of XR traffic and DRX cycle
The main source of misalignment between the DRX cycle and the XR traffic has been identified by RAN1 in the non-integer periodicity and jitter of the XR traffic [1,2,12]. Non integer periodicity of XR traffic is due to the video encoding procedures of visual content. The video encoding process captures pictures and generates video frames with typical frequency of 30, 60, 90, or 120 fps (frames per seconds) corresponding to a period between two consecutive frames of 33.34, 16.67, 11.11, or 8.34ms, respectively. In contrast, with current DRX scheme, 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 CDRX cycle. This mismatch results in a drift that accumulate over time, hence causing the window of expected XR packets to drift away from On Duration of the DRX cycle (see figure 1).
Besides, it was pointed out in several contributions in the previous meeting [3] that there might be a misalignment at SFN wrap around based on the defined DRX cycle formula calculation and different QoS flows with different frame rate and delay budget might require different DRX configuration as well.

[image: ]
Figure 1 –  Example of drift evolution assuming two DRX cycles of duration equal to 16ms (DRX 1) and 17ms (DRX 2). Yellow lines represent the PDB of VR/AR applications. After 16 and 31 cycles, the accumulated gap of configurations DRX 1 and DRX 2 have exceeded the PDB of VR/AR traffic.
To address the DRX cycle misalignment issue, several solution directions are being proposed/discussed in RAN1 and RAN2 with minor variation on the details:
-	Solution 1: With L1/L2 signalling to dynamically adjust certain DRX parameters [3][4]:
-	RRC configures multiple DRX configurations and uses L1/L2 signalling to indicate which one is used;
-	RRC configures multiple values for certain of the parameters and uses L1/L2 signalling to indicate which one is used.
-	Solution 2: The UE and the network autonomously adjust the DRX pattern according to RRC pre-configuration without L1/L2 signalling:
-	The UE autonomously adjusts the DRX cycles according to RRC pre-configures patterns for cycle alternation, e.g., pre-configured pattern of 16ms, 17ms, 17ms etc [5][6][8].
-	The UE autonomously applies certain shift to DRX start offset every N cycles according to RRC pre-configures patterns, e.g., apply traffic_time_offset offset every drx_offset cycles [7].
-	Solution 3: introduce non-integer DRX cycles 
-	Introduce non-integer rational numbers in short/long DRX cycles and add floor operations in DRX formulas for CDRX enhancement in Rel.18 with minimal spec impact [6][8] [9].
We observe that Solution 3 “non-integer DRX cycles” does not efficiently solve the misalignment issue and the drift between DRX and XR traffic due to the following reasons: (i) a quantization/numerical error remains due to the finite number of bits to represents an infinite number of digits in drx-LongCycle (the dividend) which will accumulate a small drift still for each cycle, (ii) complexity of performing a modulo operation with a fractional and recurring number, (iii) multiple frame-rate values need to be considered, (iv) floor() operation always anticipate the beginning of the DRX cycle whereas the system should be able to anticipate and postpone the beginning of the DRX cycle.
For solution 1 with dynamic adjustment, there are different proposals to adjust different parameters with different motivations, e.g. drx-StartOffset can be adjusted to align with the arrival time of the bursts as well as to align the cycles at SFN wrap around; DRX cycle length (i.e., drx-LongCycle) can be adjusted when the frame rate changes or when there is/are different active flows, which would be more power efficient than having multiple active DRX configurations simultaneously, etc. It is beneficial to solve the issues that cannot be addressed with only RRC pre-configuration.
For solution 2, the different variations of the RRC based solutions seem to aim the same objective of realignment every few cycles. It reduces the dynamic signalling overhead for the predicable adjustment. It can be discussed and decided later which way is easiest to implement in the specification if to adopt RRC based solution solution. 
The solutions are not mutually exclusive. They can be complementary and address different issues. Solution 2 with RRC pre-configured pattern can be used to avoid too frequent dynamic signalling, while solution 1 with dynamic adjustment can be used to adjust accumulated drift that cannot be perfectly aligned with RRC pre-configuration, as well as unpredictable starting point of traffic burst. 
Proposal 1: Both RRC pre-configured pattern and dynamic adjustment are beneficial for DRX cycle and XR traffic alignment (due to non-integer periodicity, multi-flows or SFN wraparound).
2.2	Jitter handling
2.2.1	Adapting multiple DRX parameters
As discussed above, misalignment can be solved by compensating the drift between the DRX cycle and the XR traffic. The drift can be compensated by adapting multiple parameters of the DRX cycle. For example, we see the following options:
· Long Cycle: the duration of a DRX cycle can be extended or reduced to align the beginning of the next DRX cycle. 
· Start Offset: the beginning of the DRX cycle can be postponed or anticipated to keep the UE active time aligned with the expected arrival window of XR traffic.
· On Duration: the On Duration can be extended when the DRX cycle is on-late (positive drift) or it can be reduced when the DRX cycle is on early (negative drift). This insures that UE active time ends after the arrival window of XR traffic.
In addition to solving the misalignment issue as discussed above, the adaptation of a combination of multiple parameters like StartOffset and OnDuration can be used to address other problems identified during previous meetings like the jitter and the variation of the frame rate. As illustrated in [11], by properly tuning the drx-StartOffset and/or drx-OnDuration of the CDRX cycle, the system can find the best configuration that minimizes the capacity loss and maximize power saving gain for any XR service.
Observation: Dynamic adaptation of a combination of multiple parameters of the DRX configuration like drx-StartOffset and drx-OnDuration minimizes capacity loss for XR services while improving the UE power saving gain in spite of jitter. 
Proposal 2: dynamic adjustment for some DRX parameters is considered as beneficial for jitter handling as well.
2.2.2 	Extension of UE Active Time
When the DRX cycle is configured to (approximately) match the XR traffic periodicity, only one video frame per DRX cycle is expected to arrive and the network starts scheduling resources for the UE only when there is a video frame. If the video frame arrives when the UE is in sleep mode due to a short onDuration or a configuration that is misaligned with the traffic arrival window, then the video frame cannot be scheduled and must be delayed until the next onDuration (when the UE is in active mode again). If the time between two consecutive onDurations is larger or equal to the PDB, then the delayed frame will be considered lost. Therefore, the network would have to schedule a dummy DL assignment to start inactivity timer to keep the UE in active mode in case a frame has not arrived yet and the UE approaches the end of the Active Time (onDuration) which increases overhead and might cause further unnecessary retransmissions. Another alternative to configure long onDuration and stop the Active Time with “DRX Command MAC CE” or reduce the PDCCH monitoring via PDCCH monitoring adaptation. However, since the MAC CE is transmitted via PDSCH the reception and decoding can be relatively long. Furthermore, the UE may need to provide HARQ ACK/NACK feedback to the network upon reception of the MAC CE and it may cause retransmissions as well, and thus the UEs energy consumption is further increased. As for PDCCH skipping indication, the UE will stop only the monitoring of the PDCCH, but it will keep executing CSI measurements and reporting, thus reducing the power saving gain with respect to a full sleep mode.
An alternative method to allow better optimized onDuration configuration, is to enable procedure to automatically extend the UE Active Time if no packet/frame is received during the onDuration (i.e., the new procedure triggers extension to the active time). So, in the considered approach the UE shall monitor PDCCH according to the onDuration. If the number of video frame(s) expected to arrive per DRX Active Time have been successfully received during the Active Time, then the UE can go to sleep relatively early, because the onDuration (and inactivity timer) can be kept short. If instead UE does not receive the expected number of video frames within the onDuration, then the UE will automatically extend the DRX Active Time and keeps monitoring the PDCCH (at least) according to the configured extension timer. Figure 7 illustrates the Active time extension procedure when the number of video frame(s)/packet(s) expected to arrive per DRX Active Time is equal to 1.
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Figure 2 – Active time extension applied when packet arrival is after onDuration. We assumed that 1 packet is expected to arrive per DRX cycle.
Figure 3 shows the probability distribution of the frame arrival process as agreed in [12] to model random jitter (Truncated Gaussian Distribution centered around the arrival time) and three CDRX configurations with Active time extension enabled. In all three configurations we assume that the DRX cycle duration is 16 ms and the XR frame arrives between time points 12 and 20 ms i.e., jitter is 4 ms centered at time = 16 ms. The three configurations have the following properties:
· S1: the Active time extension extends the onDuration only in 30% of the cases. XR frames that arrive between 12 to 15 are delayed by at most 3 ms.
· S2: this configuration does not trigger the extension of the Active time except when time drift causes the XR frame to fall after the onDuration. This configuration introduces 6 ms of extra-delay for frames that arrive at time 12ms (as the onDuration starts at 18ms). Most likely, this extra-delay prevents HARQ retransmission to be delivered within the delay budget in case of error since the delay budget is rather limited for XR services (10ms for AR/VR applications).
· S3: in 86% of the cases, the Active time is extended. There is still some benefit with respect of having a CDRX configuration which starts at 12 and ends at 20, since in 14% of the cases Active time does not need to be extend beyond the onDuration.
From these observations it can be seen that enabling automatic Active time extension adds some flexibility required to easily configure CDRX with the best trade-off between user satisfaction and power saving for quasi-predictable traffic like XR applications. Indeed, in a configuration like S1, Active time extension is needed seldomly and onDuration suffices. More results can be found in our RAN1 contribution [11].
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Figure 3 – Probability distribution of the frame arrival and possible CDRX configurations with Active time extension. Only configurations S1 and S3 trigger the extension of the OnDuraiton. Solution S2 does not trigger the extension, but in the worst case introduces 6ms of extra delay in the transmission of the frame.
[bookmark: _Int_8wFaXWBI]Observation: Automatic Active time extension improves the power saving gain with respect to DRX since it allows to define a relatively short onDuration with respect to the jitter range that is extended automatically only when a frame(s) do not arrive before the onDuration timer is expired.
Proposal 3: Automatic extension of active time when there is no data scheduled during the OnDuration of the DRX cycle is considered as a potential solution to address the jitter issue to allow configuration of short onDurations.
3	Conclusion
DRX enhancements for XR are discussed in this contribution with the following proposals proposed:
Proposal 1: Both RRC pre-configured pattern and dynamic adjustment are beneficial for DRX cycle and XR traffic alignment (due to non-integer periodicity, multi-flows or SFN wraparound).
Proposal 2: dynamic adjustment for some DRX parameters is considered as beneficial for jitter handling as well.
Proposal 3: Automatic extension of active time when there is no data scheduled during the OnDuration of the DRX cycle is considered as a potential solution to address the jitter issue to allow configuration of short onDurations.
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