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

Discussion
UE power savings techniques for XR were discussed in RAN1#110bis-e leading to a number of agreements/conclusions and proposals by the moderator for discussions in RAN1#111 [1, 2]. 

First and second proposals were the following [2].

Proposal A: Support UE autonomous extension of DRX active time for Rel-18 XR-specific power saving enhancements
Proposal B: Support DCI triggered additional DRX active time for Rel-18 XR-specific power saving enhancements
The objective of Proposals A and B is for a UE to perform autonomous (Proposal A) or DCI-triggered (Proposal B) extension of DRX active time when the UE is not scheduled during Active Time (before the On Duration timer expires). An underlying assumption is that drx-onDurationTimer is set to a small value that can be smaller than jitter. However, that is an artificial issue. The value of drx-onDurationTimer can be set large enough to cover jitter, and PDCCH skipping can be used, for example, after a last packet (for whatever data flow) has been delivered. 

Observation 1: The objective of Proposals A and B can be realized by Rel-17 means – Proposals A and B do not need to be further considered. 


A third proposal was the following [2].

Proposal C: Support UE resumes PDCCH monitoring after PDCCH skipping starts if UE sends the NACK for Rel-18 XR-specific power saving enhancements
The objective of proposal C is for a UE to remain schedulable after the UE reports NACK within a PDCCH skipping duration. With proposal C, a NACK is functionally equivalent to a positive SR – i.e. the UE needs to be scheduled. For positive SR, PDCCH skipping is canceled and the UE resumes PDCCH monitoring. One counter argument for the case of NACK is that the gNB can ensure that NACK will not happen, for example by targeting a low MCS/BLER. That approach is not possible for SPS PDSCH for XR voice and it may also not be possible in practice for DG-PDSCH for XR video as using a low MCS/code rate to target a low BLER for a large TBS is not simple (there may not even be enough resources in the active DL BWP). It would be a more generally applicable and robust solution for the UE to resume PDCCH monitoring upon a NACK report. 

Another counter argument is that proposal C is not applicable for PUSCH (re)transmission and then a gNB anyway needs to apply conservative scheduling to ensure no retransmissions after indication for PDCCH skipping. Other implementation-based solutions may also be possible with varying tradeoffs. For example, if there is no SPS PDSCH/CG-PUSCH for voice traffic, a gNB can trigger PDCCH skipping by a DCI format scheduling an unnecessary TB retransmission after the gNB correctly receives a TB – that provides robustness and can require fewer resources than targeting a low BLER since the gNB can target a very large MCS/code rate/BLER for the unnecessary TB retransmission. However, a simpler/cleaner solution based on specifications would be advantageous.

While resumption of PDCCH monitoring upon a NACK report is a partial solution (PUSCH is not addressed) and there can be implementation-based solutions, proposal C does not introduce a new UE procedure (it is same as for a positive SR in Rel-17) and, practically, new specifications are not required (e.g. “NACK” can be added to the Rel-17 text for positive SR). Therefore, proposal C can be supported.

Observation 2: Resuming PDCCH monitoring upon a NACK report is not a complete solution but it is simple and beneficial and does not introduce a new UE procedure. 

Proposal 1: Support a UE to resume PDCCH monitoring when the UE reports NACK before the end of a PDCCH skipping duration.


For the following, a proposed conclusion was to either continue study in RAN1#111 or stop further consideration [2]. 

A. Dynamic indication of StartOffset and On Duration
[bookmark: _Hlk117627519]A “dynamic” indication of StartOffset may be meaningful if the jitter is assumed to be known. The information from SA and the conclusion in RAN1 is that the jitter follows a random distribution. Then, an indication of StartOffset by a DCI format, such as DCI format 2_6, is not possible and it would actually be preferable that a UE monitors PDCCH for a scheduling DCI format instead of a non-scheduling one. Regarding the drx-onDurationTimer, similar comments as for above proposals A and B apply and Rel-17 PDCCH skipping can effectively provide a same functionality.  

Observation 3: Dynamic indication of StartOffset is not feasible for XR as jitter is random while dynamic indication of drx-onDurationTimer is unnecessary as the intended functionality can be realized by PDCCH skipping. 


B. Non-uniform PMOs within CDRX On Duration
The proposal assumes that, after some time, a gNB determines a distribution of traffic arrival times, for all traffic flows and for both DL and UL, so that the gNB can then reconfigure USS sets with non-uniform PDCCH MOs (e.g. more MOs near the mean arrival time, fewer MOs away from the mean arrival time). Even assuming feasibility and that all PDCCH monitoring by a UE would be exclusively for XR scheduling, there are several problems with the proposal. First, there are no statistics for TB retransmissions and having sparse MOs after the mean of traffic arrival times would be detrimental on capacity. Second, the impact on PDCCH capacity would also be negative when traffic arrival times are not at the mean of the distribution, as it would more often be the case. Further, non-uniform PMOs can be realized in Rel-17 by configuring multiple USS sets having different periodicity and duration. 

Observation 4: Non-uniform PMOs based on statistics of traffic arrival times are detrimental on capacity, cannot address scheduling of retransmissions or traffic arrivals that are not at the mean of a distribution, and can be realized using Rel-17 configurations of USS sets. 


C. Two-stage CDRX On Duration
The objective of a two-stage C-DRX On Duration is to mimic SSSG switching (from sparse to dense PDCCH monitoring) based on an inner drx-onDurationTimer and on the outer drx-onDurationTimer. Both approaches have a negative impact on capacity because latency budget is reduced since traffic can arrive when the UE performs sparse PDCCH monitoring. Therefore, new UE procedures/specifications for supporting a two-stage C-DRX On Duration and a dependence of an inner drx-onDurationTimer on an outer drx-onDurationTimer, on top of Rel-17 SSSG switching, are not justified.

Observation 5: Two-stage drx-onDurationTimer would degrade XR capacity and require material specification impact while offering similar functionality/UE power savings as SSSG switching. 


D. Early stopping of ODT based on expiration of IAT
The technique is proposed based on ~2.6% UE power savings for a ~3.2% capacity loss compared to C-DRX with periodicity aligned to XR traffic arrivals. Therefore, there is no apparent reason to specify the technique. Further, for multi-stream services, a UE may miss video traffic if the UE stops the drx-onDurationTimer after the drx-InactivityTimer expires. The intended functionality can also be provided by PDCCH skipping while avoiding drawbacks of the proposed technique. 

Observation 6: Early stopping of drx-onDurationTimer does not provide material benefits, can have functional problems for multi-stream services, and the intended functionality can be more robustly achieved by PDCCH skipping. 


E. Multiple active C-DRX configurations
The objective is to have multiple C-DRX configurations for multiple data flows when data flows have different periodicities and small PDBs. A similar, and more robust due to L1 control, functionality can be achieved by a single C-DRX configuration with a relatively large value of drx-onDurationTimer and use of PDCCH skipping. That also avoids changes to the MAC protocol. 

Observation 7: A single C-DRX configuration with relatively large value of drx-onDurationTimer and use of PDCCH skipping provide the intended functionality of multiple active C-DRX configurations without requiring new UE procedures. 


F. Non-scheduling DCI based PDCCH skipping
Use of a non-scheduling DCI to indicate PDCCH skipping has been suggested for a number of use cases [2]. For the majority of those cases, there is no identifiable benefit. For example, assuming unknown jitter for each PDU set, there is no benefit from indicating PDCCH skipping when traffic has not yet arrived because PDB and capacity will be reduced. For example, there is no need to use a non-scheduling DCI to indicate PDCCH skipping after the last TB for a PDU set has been scheduled although that can be an alternative to resuming PDCCH monitoring upon a NACK report.  

One use case where PDCCH skipping indication by a non-scheduling DCI can be useful is when a gNB determines that the PDB for a PDU set will not be achieved and then the gNB suspends further scheduling for the PDU set. However, it is unclear to what level that is meaningful as SA2 indicated that a next PDU set can benefit from reception of a previous PDU set even when the PDB for the previous PDU set is not met (i.e. there is still QoS benefit from not discarding packets). It is also possible to indicate PDCCH skipping by scheduling a ‘dummy’ PUSCH over a minimum number of symbols/RBs but that is not a ‘clean’ solution. Assuming that packets of a PDU set are to be discarded when the PDB is not achieved, and that there are no other traffic types for the UE, using a non-scheduling DCI to indicate PDCCH skipping is then meaningful particularly considering that it can largely re-use existing UE procedures/specifications. If a non-scheduling DCI is to be supported to indicate PDCCH skipping, it is preferable to do so in a simple manner without introducing new UE behaviors (e.g. by new DCI formats or by mixing fields that provide different functionalities) – i.e. the PDCCH monitoring adaptation field can be extended to 3-4 bits and the additional states can include a state corresponding to no PDSCH/PUSCH scheduling with PDCCH skipping.  

Proposal 2: Consider PDCCH skipping indication by a non-scheduling DCI format as one of the techniques to focus discussions on for use cases/benefits during RAN1#111.
 

G. Continuous PDCCH skipping
The proposal is for a UE to be provided a PDCCH skipping duration that automatically applies when the UE does not detect a DCI format scheduling PDSCH/PUSCH. That is practically same as SSSG switching where the first SSSG has USS sets with same periodicity as the PDCCH skipping duration. Also, such operation would result to capacity loss, as traffic can arrive within PDCCH skipping/sparse PDCCH monitoring thereby leading to PDB reduction. 

Observation 8: Continuous PDCCH skipping can be realized by SSSG switching and would lead to capacity loss. 


H. XR-dedicated PDCCH monitoring window
A number of variants were proposed for a XR-dedicated PDCCH monitoring window (PMW) with the main component being that a UE monitors PDCCH for scheduling XR traffic within a window. Focusing on the PMW variant providing largest UE power savings (“scheme 4”), the proposal is for a UE to be indicated to skip PDCCH monitoring at the start of the PMW if no XR packet has arrived and to be indicated to go to sleep until the next PMW when all XR traffic has been delivered. Indication for skipping PDCCH monitoring (it is unclear from the proposal description for how long, or how a gNB would know for how long to indicate skipping) is not functionally different than having sparser PDCCH monitoring before traffic arrives and then switching to denser PDCCH monitoring – that is feasible by SSSG switching. Also, depending on the sparsity of PDCCH monitoring, any power saving gains would be proportional to a capacity loss thereby practically removing any incentive for a network to deploy such scheme. Indicating to a UE to go to sleep when traffic has been delivered is possible by PDCCH skipping (and PDCCH monitoring is terminated when drx-onDurationTimer expires). 

Observation 9: Functionalities associated with a PMW are possible via SSSG switching and PDCCH skipping. 


I. UE playout buffer for XR
The proposal is to introduce XR-application awareness for the UE playout buffer size at the gNB for possible scheduling enhancements. XR-awareness is in RAN2 scope of the XR SI. Also, even after relevant RAN2 discussions and a possible agreement, unless L1 control signaling is required, RAN1 does not need to consider the topic. It is noted that in RAN2#119b-e, RAN2 discussed XR-awareness aspects such as delay/remaining time information from a UE and is expected to discuss such aspects again in RAN2#120.  

Observation 10: XR-awareness aspects, including UE playout buffer, are topics with RAN2 responsibility. 


J. Enhancements to PDCCH skipping
PDCCH skipping is a likely mechanism for a network to enable UE power savings for XR without compromising XR capacity. The basic mechanism for UE power savings, C-DRX, would be challenging or disadvantageous for a network to use for XR. There are several reasons for that such as a large jitter range than can approach the periodicity of XR traffic arrivals, a ~10% loss in capacity (even after periodicity alignment between XR traffic and C-DRX), or the inability to perform beam management or CSI measurements/reports outside Active Time that, due to the PDB, can lead to substantial capacity loss if a UE enters Active Time with poor beam or outdated CSI. Also, without even considering link maintenance aspects, a large number of solutions proposed for XR can be addressed by the combination of large drx-StartOffset/drx-onDurationTimer and PDCCH skipping which is an indication that C-DRX may not be useful for XR in practice. 

PDCCH skipping can be fundamentally equivalent to an L1 realization of C-DRX (although there are some discrepancies in UE procedures) and can provide unconstrained scheduling flexibility to a network based on any dynamic aspect of XR traffic while enabling UE power savings without relying on semi-static settings of various timers. The Rel-17 design of PDCCH skipping is limited by the support of up to 3 durations and of the inability to indicate PDCCH skipping without scheduling data. Additional PDCCH skipping durations can address various random aspects for timings, such as having multiple traffic flows, or the time for service completion of a PDU set based on system load, PDU set size, number of retransmissions, etc. Increasing the maximum number of durations/skipping states from 3 to 7 by adding one bit in the PDCCH monitoring adaptation field requires trivial specification support and does not introduce a new UE procedure. There is no issue with DCI overhead (adding one, or even a few, more bits to a DCI format does not have any practical impact on overhead or coverage, especially for XR) and there is no need to introduce any link/“flexibility” for the durations. Although a maximum of 7 states indicated by RRC should be enough for PDCCH skipping, it would be preferable to allow indication of either SSSG switching or PDCCH skipping as in Rel-17 and the number of bits for the PDCCH monitoring adaptation field can be up to 4 to indicate up to 15 RRC configured states for SSSG switching or PDCCH skipping.  

Proposal 3: Support a configurable size of 2-4 bits for the PDCCH monitoring adaptation field and 3-15 corresponding RRC states.


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

Proposal 1: Support a UE to resume PDCCH monitoring when the UE reports NACK before the end of a PDCCH skipping duration.

Proposal 2: Consider PDCCH skipping indication by a non-scheduling DCI format as one of the techniques to focus discussions on for use cases/benefits during RAN1#111.

Proposal 3: Support a configurable size of 2-4 bits for the PDCCH monitoring adaptation field and 3-15 corresponding RRC states.


In addition, the following observations are made.

Observation 1: The objective of Proposals A and B can be realized by Rel-17 means – Proposals A and B do not need to be further considered. 

Observation 2: Resuming PDCCH monitoring upon a NACK report is not a complete solution but it is simple and beneficial and does not introduce a new UE procedure. 

Observation 3: Dynamic indication of StartOffset is not feasible for XR as jitter is random while dynamic indication of drx-onDurationTimer is unnecessary as the intended functionality can be realized by PDCCH skipping. 

Observation 4: Non-uniform PMOs based on statistics of traffic arrival times are detrimental on capacity, cannot address scheduling of retransmissions or traffic arrivals that are not at the mean of a distribution, and can be realized using Rel-17 configurations of USS sets. 

Observation 5: Two-stage drx-onDurationTimer would degrade XR capacity and require material specification impact while offering similar functionality/UE power savings as SSSG switching. 

Observation 6: Early stopping of drx-onDurationTimer does not provide material benefits, can have functional problems for multi-stream services, and the intended functionality can be more robustly achieved by PDCCH skipping. 

Observation 7: A single C-DRX configuration with relatively large value of drx-onDurationTimer and use of PDCCH skipping provide the intended functionality of multiple active C-DRX configurations without requiring new UE procedures. 

Observation 8: Continuous PDCCH skipping can be realized by SSSG switching and would lead to capacity loss. 

Observation 9: Functionalities associated with a PMW are possible via SSSG switching and PDCCH skipping. 

Observation 10: XR-awareness aspects, including UE playout buffer, are topics with RAN2 responsibility. 
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