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Introduction
The following objectives on XR-specific Power Saving (RAN1, RAN2) have been identified by the study item description (RP-220285)
· 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.
This contribution expresses our views on the identified power saving enhancements. 
Discussion
C-DRX Enhancements
C-DRX Adjustment 
NR supports integer C-DRX cycles (e.g., 16 ms), however, XR traffic frame inter-arrival time is not integer (e.g., 16.67 ms). Such a mismatch between the C-DRX cycle and the frame inter-arrival time could lead to additional power consumption. If such a mismatch is not compensated could lead to a significant (even more than maximum XR traffic jitter range) drift of DRX on duration after several cycles. In Rel-17 XR study item, it has been suggested to adjust some of the C-DRX cycle start offset and/or on-duration/inactivation timer value to reduce the additional power consumption or scheduling latency. Such adjustments could be done dynamically or semi-statically.
If a configured DRX parameter such as C-DRX cycle start offset and/or on-duration/inactivation timer value is updated for a DRX cycle, it would be good to check whether such an update would necessitate updating (a) other DRX parameters/timers as well as (b) DRX configuration limitations. For instance, if one or more drx-ShortCycles are prolonged (w.r.t. the configured value) due to the update, it would be good to study how to determine drx-ShortCycleTimer value and drx-LongCycle duration. In addition, currently, there are some configuration restrictions when two DRX groups are configured (such as on drx-onDurationTimer, and drxInactivityTimer). It would be good to study if such restrictions can be temporarily lifted when a DRX cycle is updated (e.g., DRX on-duration for a DRX group is prolonged to accommodate XR traffic).
Proposal 1: Study impact of updating a configured DRX parameter/timer on (a) other configured DRX parameters/timers and (b) DRX configuration restrictions (e.g., when two DRX groups are configured).
If a DRX cycle is updated via a DCI indication, DCI monitoring window (e.g., outside active time if applicable), DRX update timeline aspects, including application time of the update, number of updates per DRX cycle, etc.  need to be studied.
Proposal 2: Study DCI monitoring and timeline aspects for a DCI updating a configured DRX parameter/timer.   
Simultaneous DRX Configurations  
Having multiple simultaneous DRX configurations could help schedule transmissions corresponding to different traffic in a timely manner, e.g., by providing on-durations in several occasions according to expected traffic arrivals. For instance, video traffic can be a pseudo periodic traffic expected with inter-arrival times of about 1/fps (e.g., 16.67 ms corresponding to 60 FPS); and a voice traffic may be a periodic traffic with 10 or 20 ms periodicity. The UE can monitor PDCCH candidates within a union of active times corresponding to each DRX configuration.
To support simultaneous DRX configurations (e.g., on a serving cell), several topics can be studied, including:
a) (de)activation of DRX configurations (by DCI or MAC-CE)
b) WUS (e.g., (a) including DRX configuration ID for wakeup/skip; (b) how to apply Ps_offset and MinTimeGap per DRX configuration)
c) whether to associate a number of HARQ process IDs to a DRX configuration
d) configuring some of RRC parameters (e.g., such as csi-Mask) per DRX configuration 
e) DRX Command MAC-CE (e.g., including DRX configuration ID)
f) limitations on simultaneous DRX configurations (could be useful to reduce complexity of tracking various cycles), e.g., DRX cycle of one DRX configuration can be multiple of DRX cycle of another DRX configuration 
g) Determining inactivity timer to be restarted (e.g., if on-durations of two DRX configurations overlap)
From the above list, items (a)-(d) can have more RAN1 flavor compared to the rest of the items.
Proposal 3: For simultaneous DRX configurations, study the following:
· (de)activation of DRX configurations (by DCI or MAC-CE)
· WUS enhancements
· whether to associate a number of HARQ process IDs to a DRX configuration
· whether to define csi-Mask per DRX configuration
Impact of PDU set dropping on C-DRX
According to SP-211166:
· Packets within a frame have dependency with each other since the application needs all of these packets for decoding the frame. Hence one packet loss will make other correlative packets useless even they are successfully transmitted. For example, XR applications impose requirements in terms of Media Units (i.e., PDU sets according to TR 23.700-60, such as for example a video frame), rather than in terms of single packets/PDUs.
Assuming RAN/scheduler is aware of such packet dependencies, the already scheduled packets whose reception might not be useful (e.g., either due to their own PDB violation or due to PDB violation of other dependent PDUs) can be discarded leading to power saving. The active time of the corresponding DRX cycle can be reduced to potentially save more power. Existing tools such as DRX Command MAC CE and/or PDCCH skipping can be used. It would be good to further check if any additional enhancements needed.
Proposal 4: Study impact of PDUs/PDU set dropping on DRX timers (including drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL).
PDCCH monitoring enhancement
PDCCH monitoring adaptation and search space set group switching techniques (e.g., via scheduling DCI or group-common DCI indication) can be used to reduce UE’s power consumption by skipping PDCCH monitoring in some slots such as the slots where the network does not expect to schedule an UL and/or DL transmission. To keep the DCI size limited for the DCI indicating the PDCCH skipping duration, only a limited number of PDCCH skipping durations  should be indicated.  
For XR traffic, as shown in Figure 1, a potential range for PDCCH skipping is different from one PDU set (e.g., I video frame) to another PDU set (e.g., P video frame) due to the following:
· the arrival times are quasi-periodic instead of periodic due to traffic jitter
· the video frame/PDU set sizes are different
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[bookmark: _Ref94173543]Figure 1: potential range for PDCCH skipping can be different after each video frame or PDU set (ADU).
    
To enable network to indicate a more relevant PDCCH skipping duration, 
a) PDCCH skipping duration indication field size can be increased (at the expense of DCI overhead) or 
b) given the limited DCI field size for PDCCH skipping duration indication (e.g., at most 2 bits for PDCCH skipping), UE can determine PDCCH skipping duration from a subset (e.g., containing at most 3 possible PDCCH skipping durations) of a larger set of RRC configured skipping durations; where the subset is determined based on a MAC-CE indication, or based on the XR traffic periodicity, jitter statistics and previous jitter realizations for a DL video transmission (assuming RAN/scheduler is aware of some XR traffic characteristics (e.g., traffic periodicity, jitter statistics for DL video transmissions)).
Proposal 5: PDCCH skipping duration is selected from a larger set of RRC configured skipping durations to accommodate XR traffic jitter or varying video frame size.
HARQ-ACK enhancements for power saving
Concentrating UL and DL transmissions can save power. For instance, HARQ-ACK of a PDSCH can be postponed to a nearest UL resource that is close to a later scheduled DL transmission. For instance, in Figure 2, the 2nd UL resource is the earliest available UL resource that is at most ‘’ slots after the 2nd PDSCH and no later than ‘’ slots after the 1st PDSCH. Such postponing increases the delay by l2-k1 slots and can be useful in cases that such additional delay is tolerable. 
Proposal 6: Study the power-saving vs. delay trade-off of postponing HARQ-ACK of a PDSCH to a nearest UL resource that is close to a later PDSCH.
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[bookmark: _Ref78374484]Figure 2: HARQ-ACK resource determination for UL-DL alignment: 2nd PUCCH is used for HARQ-ACK for the 1st PDSCH as opposed to the 1st PUCCH indicated by k1 as the gap between the 2nd PUCCH and 2nd PDSCH is small.

Conclusions
This contribution provided our views regarding XR-specific power saving enhancements as follows:
Proposal 1: Study impact of updating a configured DRX parameter/timer on (a) other configured DRX parameters/timers and (b) DRX configuration restrictions (e.g., when two DRX groups are configured).
Proposal 2: Study DCI monitoring and timeline aspects for a DCI updating a configured DRX parameter/timer.
Proposal 3: For simultaneous DRX configurations, study the following:
· (de)activation of DRX configurations (by DCI or MAC-CE)
· WUS enhancements
· whether to associate a number of HARQ process IDs to a DRX configuration
· whether to define csi-Mask per DRX configuration
Proposal 4: Study impact of PDUs/PDU set dropping on DRX timers (including drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL).
Proposal 5: PDCCH skipping duration is selected from a larger set of RRC configured skipping durations to accommodate XR traffic jitter or varying video frame size. 
Proposal 6: Study the power-saving vs. delay trade-off of postponing HARQ-ACK of a PDSCH to a nearest UL resource that is close to a later PDSCH.
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