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XR devices are expected to be mobile and small-scale with limited battery power resources. Thus, power saving enhancement for XR is one of the most important targets to study.
Based on the TR 38.838 [1], in Rel-17, RAN1 evaluated the power consumption for XR applications based on the traffic models of XR. The XR traffic are characterised by at least the following features:
· non-integer periodicity (e.g., 30, 60, 90, 120 fps video frame generation rate)
· quasi-periodic with possible jitter (e.g., ±4 ms)
· strict packet delay budget (e.g., 10 ms PDB for DL VR/AR video flow)
· high/variable data rate in DL (e.g., 30Mbps, 45Mbps) and UL (e.g., for AR video)
· frequent data in UL (e.g., pose/control information)
· multiple simultaneous DL/UL flows (e.g., video, audio, pose with different periodicities)
Moreover, RAN1 also evaluated the power saving gain (PSG) based on the enhancement of current power saving schemes (e.g., Rel-15/Rel-16 C-DRX, Rel-17 PDCCH monitoring adaptation, etc.). According to the evaluation and simulation results, some issues and performance gaps have been identified. On top of that, the Rel-18 SID [2] concluded the objectives on XR-specific power saving for RAN1 and RAN2:
	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.


It is well known that the C-DRX mechanism holds a critical position for power saving and is involved in the scope of RAN2. Therefore, we would focus on the issues of C-DRX with XR traffic and propose what RAN2 can do for the enhancement of C-DRX in this contribution.
Discussion
[bookmark: OLE_LINK342][bookmark: OLE_LINK343]Mismatch of periodicity between XR Traffic and DRX Cycle
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK37][bookmark: OLE_LINK38]In C-DRX mechanism, the DRX cycle specifies the periodic repetition of the DRX on-duration time followed by a possible inactivity time. There are two different types of DRX cycles. One is long DRX cycle (configured by drx-LongCycleStartOffset) and the other is short DRX cycle (configured by drx-ShortCycle). Currently, the values of the long DRX cycle can be configured to be [10, 20, 32, 40, 64, 70, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2048, 2560, 5120, or 10240] ms, and the values of the short DRX cycle can be configured to be [2, 3, 4, 5, 6, 7, 8, 10, 14, 16, 20, 30, 32, 35, 40, 64, 80, 128, 160, 256, 320, 512, or 640] ms. For XR traffic, 30, 60, 90, or 120 fps are the possible frame rate for both DL and/or UL video stream. Based on the formula of packet arrival time, the corresponding periodicities would be {33.33 ms, 16.67 ms, 11.11 ms, 8.33 ms}. 
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED { ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32, ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    

However, it is noted that the values of the DRX cycle can only be configured as integer, which cannot be aligned with the periodicities of the XR traffic (e.g., DL and/or UL packet arrival timing). Thus, mismatch of periodicity between XR traffic and DRX cycle is expected to occur, which will lead to two potential issues:
(1) larger latency for data scheduling (e.g., UE should wait for the next DRX on-duration time to monitor the scheduling) which may further reduce the XR capacity; or
(2) larger UE power consumption to keep the same latency performance (e.g., to extend the DRX on-duration time) 
Figure 1 shows an example for mismatch of periodicity between XR traffic and DRX Cycle in a case that the DRX cycle is configured with 16 ms and the XR Traffic is 60 fps (i.e., the periodicity is 16.67 ms).
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Observation 1: The values of the legacy DRX cycle can only be configured as integer, which cannot be aligned with periodicities of XR traffic.
Observation 2: Mismatch of periodicity between XR traffic and DRX cycle will lead to larger latency for data scheduling or larger UE power consumption to keep the same latency performance.

To resolve the issues caused by the mismatch of periodicity between XR Traffic and DRX Cycle, the enhancements on C-DRX mechanism should be discussed. Here are some alternatives for consideration.
· Alt 1 - Derive non-integer DRX cycle values
To derive the non-integer DRX cycle, one way is to directly configure the non-inter values (e.g., via fractions or decimals) via DRX configuration. In this way, a new DRX configuration or a new value of DRX cycle is required. Another way is to give an integer value for the UE to derive the non-integer DRX cycle based on both the given value and the current DRX cycle value. For example, the current DRX cycle could be divided by the given value to make a new non-integer DRX cycle. In this way, the legacy DRX configuration and DRX cycle values can still be used, but the change on the MAC spec may be required.
· Alt 2 - Apply DRX cycle pattern with different integer values
As shown in Figure 1, assuming that the periodicity of the XR traffic is 16.67 ms and using the most closed value of current DRX cycle (i.e., 16 ms), the gap between the arrival time of the XR traffic and the start of the DRX on-duration would be extended gradually as time goes on. For example, each DRX cycle will increase 0.67 ms gap. In order to minimize the impact of the increased gap, one way is to apply a DRX cycle pattern with different values once for multiple of DRX cycles (e.g., {17 ms,17 ms,16 ms}) to shorten the gap.
· Alt 3 - Dynamic adjustment for DRX cycle value
Another alternative to shorten the gap between the arrival time of the XR traffic and the start of the DRX on-duration is to adjust the value of the DRX cycle dynamically. For example, the NW could indicate the UE to adjust the value of the DRX cycle on top of the legacy DRX cycle. When the UE receives the indication from the NW, the UE should change the value of the DRX cycle. How to indicate and when to indicate could be further studied.
· Alt 4 - Dynamic adjustment for start time of DRX cycle
It is noted that the start time of the DRX cycle could be shifted by the drx-StartOffset. Thus, how to appropriately use the drx-StartOffset or a new offset to adjust the start time of the DRX cycle to align with the XR traffic can be considered.
· Alt 5 - Dynamic adjustment for start of DRX on-duration timer
It is noted that the timing to start the DRX on-duration timer could be delayed by the drx-slotOffset. Thus, how to appropriately use the drx-slotOffset or a new offset to adjust the DRX on-duration to align with the XR traffic can also be considered.

Proposal 1: RAN2 should discuss the C-DRX enhancements to resolve the mismatch of periodicity between XR Traffic and DRX Cycle.
Proposal 2: The following alternatives for C-DRX enhancements to resolve the mismatch of periodicity between XR Traffic and DRX Cycle can be considered:
· Alt 1 - Derive non-integer DRX cycle values
· Alt 2 - Apply DRX cycle pattern with different integer values
· Alt 3 - Dynamic adjustment for DRX cycle value
· Alt 4 - Dynamic adjustment for start time of DRX cycle
· Alt 5 - Dynamic adjustment for start of DRX on-duration timer

Jitter of XR traffic
XR traffic arrival has the characteristic of jitter that makes the exact frame arrival timing randomly due to random delay contributed from frame encoders in edge server and/or network transfer time in core network. Thus, the XR traffic may arrive earlier or later than the originally expected time. 
As an example, shown in Figure 2, if XR data arrives too early, the packets should be delayed for receiving until UE wakes up from DRX off state to DRX on state (e.g., until the upcoming DRX on-duration time and/or the possible DRX Active Time) to monitor the scheduling for the packets, which potentially increases the latency of the data transmission/reception. This also results in the negative impact on the capacity given the tight PDB. 
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Figure 2: Early XR data arrival by jitter

On the other hand, as an example shown in Figure 3, if data arrives later than the expected time of arrival (e.g., not arriving at the beginning of the DRX on-duration), the UE should wait for the scheduling for the corresponding data while keeping unnecessary PDCCH monitoring at the beginning. The unnecessary PDCCH monitoring will increase additional UE power consumption.
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Figure 3: Late XR data arrival by jitter
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Observation 3: Based on legacy C-DRX mechanism, early XR data arrival by jitter will increase latency of data transmission/reception.
Observation 4: Based on legacy C-DRX mechanism, late XR data arrival by jitter will increase additional UE power consumption.

To handle the jitter issue in XR, the enhancements on C-DRX mechanism should be discussed as well. When studying the methods to handle jitter, both scenarios: (1) early XR data arrival and (2) late XR data arrival should be considered. For example, how to trigger the early start of the DRX on-duration and/or DRX Active time in a case that the XR data arrives earlier than expectation. And how to reduce the unnecessary PDCCH monitoring in a case that the XR data arrives later than expectation.
[bookmark: OLE_LINK432][bookmark: OLE_LINK433][bookmark: OLE_LINK451][bookmark: OLE_LINK452]Proposal 3: RAN2 should discuss the C-DRX enhancements to resolve the jitter issues in XR. Both scenarios: (1) early XR data arrival and (2) late XR data arrival should be considered.
Conclusion
For XR-specific power saving, we have the following observations and proposals.
Observation 1: The values of the legacy DRX cycle can only be configured as integer, which cannot be aligned with periodicities of XR traffic.
Observation 2: Mismatch of periodicity between XR traffic and DRX cycle will lead to larger latency for data scheduling or larger UE power consumption to keep the same latency performance.
Proposal 1: RAN2 should discuss the C-DRX enhancements to resolve the mismatch of periodicity between XR Traffic and DRX Cycle.
Proposal 2: The following alternatives for C-DRX enhancements to resolve the mismatch of periodicity between XR Traffic and DRX Cycle can be considered:
· Alt 1 - Derive non-integer DRX cycle values
· Alt 2 - Apply DRX cycle pattern with different integer values
· Alt 3 - Dynamic adjustment for DRX cycle value
· Alt 4 - Dynamic adjustment for start time of DRX cycle
· Alt 5 - Dynamic adjustment for start of DRX on-duration timer
Observation 3: Based on legacy C-DRX mechanism, early XR data arrival by jitter will increase latency of data transmission/reception.
Observation 4: Based on legacy C-DRX mechanism, late XR data arrival by jitter will increase additional UE power consumption.
Proposal 3: RAN2 should discuss the C-DRX enhancements to resolve the jitter issues in XR. Both scenarios: (1) early XR data arrival and (2) late XR data arrival should be considered.
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