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Introduction
This contribution considers UE power savings for XR [1]. 

Discussion
UE power savings is an important aspect for XR but it is also difficult to realize in practice. One reason is the existence of PDB - any UE power savings mechanism resulting to the UE not transmitting or not receiving some channels (e.g. PDCCH) for some time would typically increase a probability that PDB is not achieved. Another reason is the transmission of frequent pose/control information that prevents the UE in Active Time from entering a light sleep mode (the rate for pose/control information is implementation-dependent and has been assumed to be every 4 msec in RAN1 or even every 1 msec in TR 23.748 from SA4) as light sleep and deep sleep require longer inactivity periods (6 msec and 20 msec [2]). Another reason is the high data rates for PDSCH/PUSCH and the heavy use of screen power for video that make the relative DBB power consumption for monitoring few PDCCH candidates much smaller than for the non-XR/non-video applications considered in Rel-16/Rel-17.

The periodicity of XR traffic is a non-integer and does not match the Rel-17 C-DRX periodicity. There can also be multiple data flows in a PDU set with each data flow having its own PDU size, periodicity and jitter. In RAN1#110, it was agreed to identify a solution for enhancement of C-DRX to align with XR traffic periodicity. That issue was also discussed in RAN2#119e. Enhancements to settings of values for components associated with C-DRX operation (e.g. drx-InactivityTimer, drx-StartOffset, drx-OnDurationTimer) were also discussed in RAN1#110 and in RAN2#119e. RAN2 concluded to further discuss specific C-DRX parameters, existence of multiple traffic flows (multiple PDUs in a PDU set) with different periodicities, SFN wrap-around, etc. while aspects related to PDCCH monitoring adaptation are to be discussed in RAN1. RAN2 additionally discussed aspects related to application-aware scheduling, including delay-aware scheduling, and will have coordination with SA2/SA4. As relevant information relates to potential higher layer signaling, it can be further addressed by RAN2. Regarding C-DRX enhancements, one aspect that may require coordination between RAN1 and RAN2 is whether it is beneficial for some of the C-DRX parameters to be indicated/adapted by L1 signaling, e.g. in order to adapt to variable PDU sets, for RAN1 to define that L1 signaling. That may be considered once RAN2 defines an RRC-based solution, if any, for aligning C-DRX periodicities with periodicities of XR traffic flows. 

Observation 1: A RAN1 impact from C-DRX enhancements or application aware scheduling per PDU set, if any, can be considered after respective RAN2 agreements/conclusions.


Fundamentally, considering the presence of unknown jitter, there are two options for scheduling XR traffic without affecting the PDB. A first option is to have a drx-StartOffset value that is set close to the maximum jitter value to capture early arrivals and a sufficiently large drx-OnDurationTimer value. PDCCH skipping can be used at the start of the drx-OnDurationTimer when a PDU set arrives later (gNB needs to have some knowledge) or to stop PDCCH monitoring due to a large drx-InactivityTimer value after a completed transmission of a PDU set by the gNB/UE and then the UE can start PDCCH monitoring at the next DRX ON cycle. The first option can be based on Rel-17 mechanisms.  

A second option is to have a WUS (e.g. based on Rel-16 - an LP-WUS will not be defined in Rel-18) to indicate to the UE to start the drx-OnDurationTimer and to possibly adjust the drx-OnDurationTimer depending on offered traffic in a PDU set. However, considering the presence of jitter or the likelihood of a short C-DRX cycle, there will need to be multiple and frequent monitoring occasions for the WUS and it is therefore unlikely there would be any UE power savings over what can be achieved by the first option. Also, considering the PDB and the requirement for high reliability, the WUS detection reliability needs to be high in order to avoid the WUS becoming a limiting factor to XR QoS. Further, compared to a PDCCH-skipping solution, a WUS-based solution will have a bigger impact on PDB due to inherent delays for (a) gNB determining traffic arrival for a UE and prepare the WUS transmission at quantized time occasions, (b) UE receiving the WUS over some time duration, and (c) UE switching to PDCCH monitoring after a delay (e.g.  of ~0.9 msec at 30 kHz).

Observation 2: Handling the jitter of PDU set arrivals, and the variable size of PDU sets, for UE power savings can be based on Rel-17 mechanisms.


PDCCH skipping, with some minor enhancements such as supporting additional values for the time duration of PDCCH skipping, is sufficient to provide all C-DRX functionalities in a dynamic manner. Moreover, not configuring C-DRX operation enables a UE to provide CSI reports at regular periods, as determined by the gNB, and perform beam management so that the UE can always be scheduled with proper link adaptation something that is not currently always possible at least at the beginning of a DRX ON cycle and is required to avoid degrading XR capacity [3].

PDCCH skipping may be viewed as an L1 alternative to C-DRX operation and can mimic dynamic adjustments to parameters of C-DRX operation such as for the drx-OnDurationTimer based on gNB scheduler decisions. For example, instead of the gNB indicating an adaptation to drx-OnDurationTimer based on traffic arrival, the drx-OnDurationTimer can be dimensioned for a large PDU set size for a given PDB and PDCCH skipping can be used when the last TB for the PDU set is scheduled. One possible enhancement is for a NACK report from the UE to cancel PDCCH skipping, similar to a positive SR in Rel-17. For the UL, it can be left to gNB implementation (e.g. by targeting a low BLER for a last TB transmission) or by not using an UL grant to indicate PDCCH skipping if a last TB from the UE must be correctly received.

Proposal 1: Support canceling PDCCH skipping when a UE provides NACK for a TB scheduled by a DCI format that indicates PDCCH skipping.


Fundamentally, a UE that supports PDCCH skipping does not need to be configured for C-DRX operation since PDCCH skipping allows dynamic control of PDCCH monitoring and that is preferable over the RRC configured values of drx-OnDurationTimer or of drx-InactivityTimer even if those values may be adapted by L1 signaling. Some commonalities between C-DRX and PDCCH skipping, such as positive SR transmission resulting to PDCCH monitoring, were also introduced in Rel-17. However, C-DRX allows for suspension of additional UE operations (other than PDCCH monitoring), such as P/SP SRS/CSI transmissions, which would also be beneficial for UE power savings to also with PDCCH skipping as otherwise a UE cannot enter a light/deep sleep state. It is noted that light/deep sleep for a UE requires absence of SPS PDSCH receptions of CG PUSCH transmissions which, for pose/control information with typically expected rates such as 4 msec, may be an issue for any UL power savings scheme including for having C-DRX operation. An extension to canceling P/SP SRS/CSI transmissions can be for a UE to cancel all transmissions/receptions (“go-to-sleep” operation).
  
Proposal 2: Support canceling P/SP SRS/CSI transmissions during slots of PDCCH skipping.


SSSG switching has been discussed where a UE starts with sparse PDCCH monitoring and switches to dense PDCCH monitoring upon being scheduled. Sparse PDCCH monitoring will impact latency as traffic may arrive, for example, in the middle of two sparse PDCCH MOs. Also, the sparsity of PDCCH MOs cannot be as large as required for light/deep-sleep, any gains from micro-sleep would be limited, and such gains are also possible, almost to a same extend, by “dense” PDCCH MOs. Moreover, a UE would need to monitor only a small number of PDCCH candidates for XR since only a very small number of XR UEs can be served in a slot (i.e. there is no PDCCH blocking for XR scheduling and there is no need to vary the number of PDCCH candidates for XR scheduling). Further, a UE is likely to also monitor PDCCH for other purposes (e.g. at least for SI updates) and Rel-17 SSSG can achieve a same objective.

CG-PUSCH transmissions for XR are meaningful only for pose/control information (not for video). It not necessary to support retransmissions of pose/control information as there is no benefit for a gNB to receive outdated pose/control information given that a UE would provide new pose/control information in a next UL slot. Basically, pose/control information is UCI similar to CSI report providing information for subsequent scheduling. In RAN1#110, it was discussed whether to associate/configure specific HARQ process numbers to disabling of retransmissions but that is rather irrelevant as the HARQ process number used can be variable while disabling of retransmissions can be part of the CG-PUSCH configuration that is associated with pose/control information.

Proposal 3: Enable disabling of HARQ retransmissions for a CG-PUSCH configuration.


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

Proposal 1: Support canceling PDCCH skipping when a UE provides NACK for a TB scheduled by a DCI format that indicates PDCCH skipping.

Proposal 2: Support canceling P/SP SRS/CSI transmissions during slots of PDCCH skipping.

Proposal 3: Enable disabling of HARQ retransmissions for a CG-PUSCH configuration.


In addition, the following observations are made.

Observation 1: A RAN1 impact from C-DRX enhancements or application aware scheduling per PDU set, if any, can be considered after respective RAN2 agreements/conclusions.

Observation 2: Handling the jitter of PDU set arrivals, and the variable size of PDU sets, for UE power savings can be based on Rel-17 mechanisms.
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