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1	Introduction
In this contribution, we discuss the power saving objective in the agreed WID for XR RP-223502:  
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).


2	Discussion
2.1	Non-integer DRX periodicities
XR traffic shows a quasi-periodic and bursty pattern with high data rate and typically two burst classes that can be classified by their size. Traffic periodicity is due to the 3D video generation process that creates a sequence of frames at a given sampling rate. In contrast, burst size is due to the compression techniques used to minimize bitrate of XR content. Compression is achieved through a mix of intra-frame and inter-frame coding. Typical frame rates are 30, 60, 90, and 120 frames per seconds (fps), where the corresponding frame periodicities (1000/fps) are {33.33, 16.67, 11.11, 8.33} ms. Legacy (up to Rel-17) DRX cycle only supports integer number of milliseconds, that is, long DRX cycle can be configured as a value between 10 ms to 10240 ms, and short DRX cycle can be configured as a value between 2 ms to 640 ms. Therefore, the integer value of the DRX cycle cannot be perfectly aligned with the non-integer periodicity of XR traffic.
To address the issue caused by the mismatching between the integer DRX cycle and non-integer periodicity of XR traffic, there are several different solutions discussed during the SI phase:
· Solution 1: Introduce non-integer periodicity [1].
· Option A.  Add new values of DRX cycles represented in rational numbers.
· Option B.  Use cadence instead of periodicity of DRX cycle to calculate the start time of DRX on duration.
· Solution 2: Configure DRX pattern or multiple patterns with different offset which results in the DRX cycle length e.g. 16ms, 17ms, 17ms, etc [2].
· Solution 3: Enhance the formula by introducing new parameters: (i) a fixed time shift for the start of drx-onDurationTimer; and (ii) a number of DRX cycles after which the new shift should be added, etc [3].

We observe that the above solutions on “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 represent 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.
Observation: It is not necessary and non-ideal to introduce non-integer values for DRX cycles to solve the mismatching issue.
The different variations of the RRC based solutions with integer DRX cycles seem to aim the same objective of re-alignment every few cycles. As a first step, the general principle could be agreed before going into the details on how to implement it in the specification. It could be discussed and decided later which way is easiest to implement in the specification.
Proposal 1: Non-integer values are not introduced for DRX cycle length. RRC configuration with integer DRX cycles is used for the UE to compensate the accumulated drift due to the misalignment of XR and DRX periodicities. Details FFS.
2.2	Simultaneous multiple active DRX configurations
It has been proposed to allow multiple active DRX configurations simultaneously for different flows with different traffic characteristics. Simultaneous services with different QoS have been supported since LTE Rel-8. The assumption has been that the NW can configure the DRX configurations based on tightest requirement, thus only one active DRX configuration at a time is enough. Having multiple active configurations would lead to separate active time which is less efficient than scheduling bundled data. Besides, multiple active configurations makes DRX operations more complex and may result in higher configuration complexity to operate it. Additionally, current PDCCH monitoring adaptation schemes like SSSGs switching or PDCCH skipping can be used to improve power saving in the presence of multiple flows with different periodicities. Thus, any solution with multiple active DRX configurations is not a preferred direction for DRX enhancements.
Proposal 2: simultaneous multiple active DRX configurations is not supported. 
2.3	Impact of Data burst in SA2
SA2 has put a lot of efforts into identifying assistant information for XR-specific power saving. In particular, data bursts are defined as Data produced by the application in a short period of time, comprising PDUs from one or more PDU Sets in the SA TR [23.700-600] [4] and by extension in the RAN TR [38.835] [5]. RAN1 had a few questions about this definition, and SA2 clarified the following [S2-2301384] [6]:
· Q1-1: how to understand the “short period of time” in the definition of data burst.
· SA2 Answer: The “short period of time” referred to the definition of Data Burst (e.g. a video frame) means the interval between the reception time of the first packet and the reception time of the last packet of the Data Burst at the destination. Ideally, there is an interval without any data arrival between two successive Data Bursts. During a Data Burst, and until its end, the RAN should not assume periods of data transmission inactivity.
· Q1-2: whether “the period of time” for data burst can be varied between the data burst in different data burst periods, and if the period of time can be varied, what is the expected range of the period of time for data burst.
· [bookmark: _Hlk124721369]SA2 Answer: generally, “the period of time” may vary for different Data Bursts and its duration is related to the data amount of the Data Burst and the reception time interval of each two successive packets of a Data Burst. The exact range of variation is not precisely quantifiable, but it can be assumed that it stays within the same order of magnitude.
· Q2: RAN1 would like to ask SA2 whether the following information could be provided from the core network
Data burst start time information (e.g., the time of 1st arrival packet of Data burst) 
Notification of changes in XR traffic parameters, e.g., video frame periodicity, jitter statistics
· SA2 Answer: The arrival time of first packet of a Data burst cannot be provided by 5GC to the NG-RAN since it cannot be predicted by the 5GC or provided by the application in advance due to N6 jitter. Also, SA2 has agreed to provide the periodicity and the periodicity associated N6 jitter range to the NGRAN via NG message. The XR traffic parameters are assumed to be semi-static and not change frequently.
The lack of information regarding the arrival time of first packet of a Data burst causes an additional misalignment issue between XR traffic and DRX cycle. Specifically, the beginning of the DRX OnDuration shall be aligned with the XR traffic arrivals. To this end, DRX enhancements should consider also the possibility to change the StartOffset parameter of the DRX cycle.
Proposal 3: The selection of solution in solving misalignment issue should take into account the fact that the first arrival of XR data burst is not known according to SA2.
Proposal 4: aligning the start of the OnDuration with the traffic arrival should be considered according to SA2.
2.4	Switching of configurations
Switching of configurations was also agreed during the SI phase. Next question would be which parameters need to be adjusted and whether they are adjusted as combination of DRX configurations or they can be separately adjusted for different purpose without listing all the combinations as DRX configurations.
To handle multi-flows as well as frame rate change for a single flow, switching of DRX cycle length seems to be useful without RRC reconfiguration. Besides, to address SFN wrap around issue which leads to a misaligned DRX cycle at SFN boundary, adjustment of DRX start offset could be simpler than introducing hyper SFN.
Proposal 5: adjusting of DRX cycle is beneficial to handle multi-flows as well as frame rate change for single flow without RRC reconfiguration.
Proposal 6: adjusting of DRX start offset could be considered as a solution to address SFN wrap around issue and alignment for the first data arrival.
3	Conclusion
Details on DRX enhancements for XR are discussed in this contribution with the following proposals proposed:
Observation: It is not necessary and non-ideal to introduce non-integer values for DRX cycles to solve the mismatching issue.
Proposal 1: Non-integer values are not introduced for DRX cycle length. RRC configuration with integer DRX cycles is used for the UE to compensate the accumulated drift due to the misalignment of XR and DRX periodicities. Details FFS.
Proposal 2: simultaneous multiple active DRX configurations is not supported. 
Proposal 3: The selection of solution in solving misalignment issue should take into account the fact that the first arrival of XR data burst is not known according to SA2.
Proposal 4: aligning the start of the OnDuration with the traffic arrival should be considered according to SA2.
Proposal 5: adjusting of DRX cycle is beneficial to handle multi-flows as well as frame rate change for single flow without RRC reconfiguration.
Proposal 6: adjusting of DRX start offset could be considered as a solution to address SFN wrap around issue and alignment for the first data arrival.
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