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Introduction
In RAN1#109-e, the following were agreed as high/medium priority issues. The focus of this contribution is on those issues while brief discussion is also included for the low priority issues. 

	Agreement
For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:
· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow
· High priority Issue 1-2: C-DRX enhancements to handle jitter
· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]

Agreement
For power saving study of Rel-18 XR SI, PDCCH monitoring enhancements to evaluate in this study item are to be selected from the following
· High priority Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation. 
· Note: Discussion on some enhancements may depend on the outcome of Rel-17 PDCCH monitoring adaptation maintenance
· Note: The study on enhancement to R17 PDCCH monitoring adaptation should focus on the techniques that are used for addressing XR-specific issues, e.g., jitter



C-DRX enhancements 
The issues identified as high/medium priority in RAN1#109-e can be analytically considered. For example, the mismatch of the Rel-17 C-DRX periodicities and the XR traffic periodicity can lead to XR traffic arriving when the drx-OnDuration timer is not running. For example, a late XR traffic arrival due to jitter may not be possible to serve, or even capture at all for scheduling, by the drx-OnDuration timer value. Also, it is rather obvious that short DRX cycles enabling dense PDCCH monitoring for scheduling can provide better QoS (larger capacity, PDB constraint fulfilled) as it was also evaluated in [1]. Obviously, not configuring DRX is most preferred for XR QoS (as also evaluated in [1]).  

Addressing the characteristics of XR traffic needs to consider their inter-dependencies. For example, adjusting the time when the drx-OnDuration timer starts running also needs to consider the existence of multiple flows. Reliance on C-DRX for UE power savings needs to be compared to operation without C-DRX where PDCCH monitoring is turned on/off by L1 using Rel-17 PDCCH skipping (possibly with some enhancements). Values of the drx-OnDuration timer need to consider that XR QoS is improved for short C-DRX cycles. Support of PUSCH transmissions for pose/control information every 4 msec allow only for UE micro-sleep while light sleep and deep sleep require longer inactivity periods (6 msec and 20 msec [2]) even if initial TB transmissions are by CG-PUSCH and TB retransmissions by DG-PUSCH are not supported/disabled for all CG-PUSCH with pose/control information.  

A simple approach to account for the mismatch in the Rel-17 C-DRX periodicity and the XR traffic periodicity is to adjust the time when the drx-OnDuration timer starts running based on a formula that calculates the drift due to the mismatch of those two periodicities and rounds it to the closer integer. As for any fixed solution, a shortcoming is the inability to make dynamic adjustments, for example if the jitter does not follow the assumed truncated Gaussian distribution (e.g. network delays have some predictability) or to address multiple traffic flows, such as for I-frames and P-frames or for retransmissions of TBs in PUSCHs with pose/control information or for non-XR flows. The traffic flows are in general UE-dependent and can be dynamic in nature. 

Observation 1: Short C-DRX cycles are preferable over long C-DRX cycles for XR QoS. No C-DRX operation is optimal. 

Observation 2: Adjusting the start of the drx-OnDuration timer of a long C-DRX cycle based on a formula or by higher layers cannot address the existence of multiple traffic flows. 

Existence of jitter can result to XR traffic arriving earlier or later than the nominal periodicity. An earlier arrival is of no particular concern as that is a fortunate event (e.g. NW delays happen to be shorter than average) and XR QoS will not be degraded if scheduling for the packet begins if the drx-OnDuration timer starts based on the C-DRX cycle. Solutions to address early arrivals would require a UE to receive signaling which can only be detrimental to power consumption. From the perspective of a benefit to the network, considering that any solution would have inherent delays of (a) gNB determining traffic arrival for a UE and preparing to transmit wake-up signaling at quantized time occasions, (b) the UE receiving the wake-up signaling over some time duration, and (c) the UE switching to PDCCH monitoring after a delay of  (e.g. ~0.9 msec at 30 kHz), and considering the small probability of a large jitter value (e.g. ~16% for [-4, -2] msec) in order for an early wake up to possibly take effect before the start of the drx-OnDuration timer, an early wake-up would result to additional UE power consumption for monitoring corresponding signaling without meaningful benefit to the network. A possible wake up signaling mechanism would require dense monitoring and would need to rely on a low-power signal (LP-WUS) such as a sequence and, although we are supportive to introduce such signaling, that is also considered in another Rel-18 SI, may not be possible to design in parallel for XR and, if needed/meaningful, it may be later used for XR.  

Observation 3: Not scheduling packets prior to the start of the drx-OnDuration timer is not a limiting factor for XR QoS. Signalling to support an earlier start of the drx-OnDuration timer would increase UE power consumption without providing a meaningful benefit to a network or to XR QoS. 

When XR traffic arrives later than the start of the drx-OnDuration timer can have an adverse effect to XR QoS as it effectively decreases PDB and may consume a large part of the drx-OnDuration timer. Therefore, the drx-OnDuration timer would need to be adjusted and, due to the random nature of the jitter value, the adjustment would need to be by L1, for example by a DCI format in one or more of the last PDCCH MOs for the drx-InactivityTimer value. The same DCI format can be used to adjust the drx-StartOffset value to align the start of the drx-OnDuration timer with the XR traffic periodicity and also address the case of multiple flows. The drx-InactivityTimer value may also be adjusted, for example depending on the traffic slows for the UE at the gNB buffer.

Proposal #1: Consider DCI-based adaptation of the drx-OnDuration, the drx-InactivityTimer, and the drx-StartOffset.


Even with DCI-based adaptation of C-DRX parameters, several issues remain including XR-specific ones for supporting TB retransmissions for PUSCHs with pose/control information and for optimizing XR QoS that requires no scheduling restrictions (no C-DRX operation). PDCCH skipping can substitute C-DRX operation while enabling fully dynamic adjustment of PDCCH monitoring that can also adjust for dynamic events such as whether TB retransmission is needed for pose/control information, suspending scheduling to the UE when the PDB will not be achieved, and any UL/DL data flows that may be on the UE/gNB buffer. SSSG switching is less useful than PDCCH skipping as it does not enable the UE to enter a sleep state (UE still monitors PDCCH) and adjustments to search space sets for XR traffic are unnecessary as very few UEs with XR traffic are scheduled per slot (e.g. 1 or 2) and few PDCCH candidates per CCE aggregation level would be enough (no need for heavy PDCCH monitoring per MO particularly since XR traffic would be prioritized over other traffic with looser PDB constraints). For other traffic flows, Rel-17 SSSG is sufficient.

For PDCCH skipping, a UE does not monitor PDCCH but still performs other functionalities, such as CSI measurements and CSI reporting, that prevent the UE from entering a sleep state. Therefore, for operation without C-DRX that relies on PDCCH skipping, it would be beneficial to have a UE behavior that is similar C-DRX operation in order to obtain corresponding UE power savings that are obtained by C-DRX. 

Observation 3: Enhancements to SSSG switching are not necessary for XR. 

Proposal #2: Enhance UE behavior for PDCCH skipping to capture aspects that occur with C-DRX operation.


Conclusions
This contribution considered UE power savings enhancements considering XR-specific aspects and proposes the following.

Proposal #1: Consider DCI-based adaptation of the drx-OnDuration, the drx-InactivityTimer, and the drx-StartOffset.

Proposal #2: Enhance UE behavior for PDCCH skipping to capture aspects that occur with C-DRX operation.
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In addition, the following observations are made.

Observation 1: Short C-DRX cycles are preferable over long C-DRX cycles for XR QoS. No C-DRX operation is optimal. 

Observation 2: Adjusting the start of the drx-OnDuration timer of a long C-DRX cycle based on a formula or by higher layers cannot address the existence of multiple traffic flows. 

Observation 3: Enhancements to SSSG switching are not necessary for XR. 
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