[bookmark: _Hlk78207062]3GPP TSG RAN WG1 #111                                          R1-2211566
Toulouse, France, November 14th – 18th, 2022
Source: 	ETRI
[bookmark: _Hlk23925924][bookmark: Title]Title:	Discussion on XR-specific power saving techniques
Agenda Item:	9.10.1   XR specific power saving techniques
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#110bis-e, the following agreements were made for the study of UE power saving techniques as part of Rel-18 XR SI [1]:
Agreement
For enhancement of CDRX to align with XR traffic periodicity (i.e., Issue 1-1)
· Prioritize semi-static solutions
· FFS: Whether dynamic solutions will be also needed
Conclusion
“Retransmission-less CG for UL pose transmission (Item 3.3-5)” is a RAN2 issue, leave the discussion to RAN2, RAN1 does not further investigate the issue.
· Note: how to capture evaluation results and findings will be separately discussed
Conclusion
RAN1 does not further study jitter handling by LP-WUS (Item 2.2-4) in Rel-18 XR SI
· Note: how to capture evaluation results and findings will be separately discussed
Conclusion
In addition to the values for jitter in Table 5.1-2 in TR 38.838, the following statistical parameters for jitter can also be optionally evaluated in Rel-18 XR SI.
· Note: This optional assumption is not applicable to the evaluation of 90 FPS and above
	Parameter
	unit
	Optional value for evaluation

	Mean
	ms
	0

	STD
	ms
	5

	Truncation range
	ms
	[-8, 8]


Conclusion
RAN1 deprioritizes DCP indicated SSSG switching (Item 3.3-4)
· Note: how to capture evaluation results and findings will be separately discussed

In this contribution, we present our views on some of remaining candidate XR-specific power saving techniques which we consider as essential.

Discussion
CDRX and PDCCH enhancements for non-integer XR traffic periodicity
[bookmark: _Hlk102051175]The following agreements and conclusion were drawn for the periodicity alignment between CDRX and XR traffic in the past meetings [1, 2].
	Agreement
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity
Conclusion
RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA.
Agreement
For enhancement of CDRX to align with XR traffic periodicity (i.e., Issue 1-1)
· Prioritize semi-static solutions
· FFS: Whether dynamic solutions will be also needed



Based on the agreements, at least for Issue 1-1, RAN1 will prioritize semi-static solutions and will further study the necessity of dynamic solutions. Even if limited to the semi-static solutions, there are many candidate approaches on how to adjust the CDRX cycles in detail, including the followings:
· Alt. 1: Non-uniform CDRX cycle pattern
· Alt. 2: Uniform non-integer CDRX cycle
· Alt. 3: Multiple on-durations having different start offsets within a CDRX cycle
· Alt. 4: Multiple CDRX configurations
Therefore, to reduce the work scope of the expected WI, it would be desirable to further down-select candidate schemes for this meeting. Although all of the first three schemes are implementable based on a simple extension of the existing CDRX operation, some of them may bring a relatively larger specification impact. For example, Alt. 3 introduces many-to-one association between on-durations and a CDRX cycle. As a result, some of the descriptions and terminologies relevant to the CDRX need to be changed or redefined. However, there is no such impact in other alternatives and thus the specification effort may be reduced. Between Alt. 1 and Alt. 2, there is a slight difference that while Alt. 2 is dedicated to support non-integer periodicity XR traffic only, Alt. 1 can support various combinations of DRX cycles having different periodicities. Thus Alt. 1 is more forward compatible for future use cases. Although Alt. 4 can also cope with the periodicity misalignment issue, it looks more suitable for solutions to handle multi-flow traffic which will be discussed later in this document.
Proposal 1: For C-DRX enhancements for the periodicity alignment between CDRX and XR traffic, consider the following alternatives for Rel-18 XR.
· Alt. 1: Non-uniform CDRX cycle pattern
· Alt. 2: Uniform non-integer CDRX cycle
It was also proposed to extend the configuration of the PDCCH SS set periodicity in order to tackle the same issue. For example, as illustrated in Figure 1 (bottom), the PDCCH monitoring occasions can be configured sparsely only within a limited number of slots where the traffic arrival is expected. For their periodicity alignment, the approaches for the CDRX cycle can be similarly applied: for example, non-uniform SS set periodicity pattern (similar to CDRX Alt. 1) or uniform non-integer SS set periodicities (similar to CDRX Alt. 2).
Although the resultant UE behaviour looks similar to that of the CDRX enhancement, there is one crucial difference. In the CDRX approach, the PDCCH MOs can be allocated in every slot both within and outside the on-duration. Therefore, UE can “conditionally” extend the active time to outside on-durations when HARQ retransmission timer or DRX inactivity timer is running. However, in the semi-static PDCCH approach, UE cannot do the same functionality because the remaining slots do not have a PDCCH MO, which would cause packet delivery failure under a tight PDB. Considering such limited behaviour, the benefit of the semi-static PDCCH enhancement over the CDRX approach is not clear at this stage. Moreover, the current specification support configuration of multiple SS sets in a BWP. Thus, the PDCCH periodicity alignment if needed can be achieved without specification enhancement.
Observation 1: The benefit of PDCCH monitoring enhancements for the periodicity alignment between PDCCH monitoring and XR traffic over CDRX enhancements is not clear.



Figure 1. Comparison of schemes for the periodicity alignment between CDRX and XR traffic

Multiple CDRX configurations for multiple traffic flows
It was studied in the Rel-17 SI that some of XR applications comprise multiple traffic flows, e.g., I-frame + P-frame, video + audio/data, etc., having different periodicities. In general, arrival rates of two different traffic flows do not have a multiple relationship with each other. At the same time, some XR devices should also monitor PDCCHs for non-XR DL/UL unicast or broadcast transmissions probably on the same carrier. Therefore, it is very difficult or sometimes impossible to cover all the desired slots where PDCCH monitoring is required based on a single CDRX cycle with a reasonable on-duration size.
The multi-flow traffic may also be handled by the Rel-17 DCI-based PDCCH monitoring skipping. However, this approach would require frequent DCI transmissions (for example, one per each traffic burst) that is also undesirable when the traffic arrival rates are small. Therefore, we think that the existing methods without enhancements are not enough to pursue energy efficiency toward the multi-flow XR traffics.
One straightforward scheme to align the on-durations with multiple traffic arrivals is to increase the number of CDRX configurations. As depicted in Figure 2, a UE that is serving two traffic streams (having arrival rates X ms and Y ms, respectively) can be configured with two CDRX configurations of indices #0 and #1 in a serving cell for power saving. The two CDRX cycles can have their own periodicity and offset, each corresponding to each traffic stream. Then, the total DRX on durations can be effectively minimized as shown in the figure.


Figure 2. Multiple CDRX configurations for multi-flow traffic
One issue regarding the multiple CDRX configurations is potential enhancement on the DRX-related timer behaviour. Initial discussion points may include whether a single common timer for multiple CDRX configurations is sufficient or separate timers are needed. Also, how to handle timer(s) when multiple on-durations are overlapped may need to be carefully investigated.
While the above mentioned issues may be up to RAN2, there may also be RAN1 issues, for example, potential impact on CORESET and SS set configurations. Similar to the timer issue, the following two options can be considered for the SS set configuration:
· Alt. 1: The same SS sets (configured for a BWP) are commonly applied to multiple CDRX configurations
· Alt. 2: The SS sets can be configured per CDRX configuration.
In our view, the PDCCH monitoring behaviour required for each traffic may be different depending on the traffics’ characteristics. For example, monitoring one or two PDCCH candidates per each period may be sufficient for XR packet transmissions. Meanwhile, sparser monitoring but on a large number of PDCCH candidates may perform better for eMBB or broadcast transmissions to minimize the PDCCH blocking probability. By optimizing the SS set configuration separately for each traffic flow, savings of complexity, power consumption, and physical resources can be achieved.
Proposal 2: For efficient handling of the multi-flow traffic, support multiple DRX configurations for a serving cell in Rel-18 XR.

HARQ retransmission monitoring within a PDCCH skipping duration
As aforementioned, as part of the CDRX operation, UE can monitor DCIs outside on-durations for HARQ retransmission scheduling, based on DRX retransmission timer DL and UL. However, such mechanism was not introduced in the Rel-17 DCI-based PDCCH skipping scheme. As a result, if UE fails to receive/transmit a scheduled PDSCH/PUSCH right before entering the PDCCH skipping duration, the corresponding TB would be failed to be delivered on time. In case of dynamic scheduling, this problem can be resolved to some extent by robust scheduling for the last TB. However, such manner is not applicable for SPS PDSCH or CG-PUSCH. If a SPS/CG transmission fails and a NACK is generated outside the on-duration, the same delay problem occurs (Figure 3).
[image: ]
Figure. 3. Delayed SPS PDSCH retransmission due to PDCCH skipping duration
Therefore, to make the Rel-17 dynamic PDCCH skipping scheme more useful and applicable for XR, we think that the HARQ retransmission monitoring during PDCCH skipping durations should be supported in Rel-18.
For the timer-based approach, a main study point would be to identify pros and cons of reusing the existing HARQ retransmission timers for the PDCCH skipping. According to the existing behaviour, for UL retransmission, different from the DL, UE always monitors PDCCH after drx-HARQ-RTT-TimerUL is expired irrespective of whether ACK or NACK occurred, which may not be proper for power saving operation. However, it should be gNB’s choice whether or not to enable the HARQ retransmission timer for DL and UL. If gNB doesn’t want to use it, the corresponding timer value can simply be set to 0. In that sense, it is desirable to support the HARQ retransmission monitoring functionality for both DL and UL. An alternative approach is to use a dedicated SS set for the retransmission DCI monitoring during the PDCCH skipping duration. This approach may work by defining that UE does not apply the PDCCH skipping indication to the dedicated SS set. An advantage of this approach is that the number and the AL of PDCCH candidates can be optimized for the retransmission case.
Proposal 3: Support PDCCH monitoring for DL/UL HARQ retransmission within a PDCCH skipping duration in Rel-18 XR.

Conclusion
In this contribution, we provide our view on UE power saving techniques for Rel-18 XR. Based on the discussions the following observation and proposals are drawn:
Observation 1: The benefit of PDCCH monitoring enhancements for the periodicity alignment between PDCCH monitoring and XR traffic over CDRX enhancements is not clear.
Proposal 1: For C-DRX enhancements for the periodicity alignment between CDRX and XR traffic, consider the following alternatives for Rel-18 XR.
· Alt. 1: Non-uniform CDRX cycle pattern
· Alt. 2: Uniform non-integer CDRX cycle
Proposal 2: For efficient handling of the multi-flow traffic, support multiple DRX configurations for a serving cell in Rel-18 XR.
[bookmark: _GoBack]Proposal 3: Support PDCCH monitoring for DL/UL HARQ retransmission within a PDCCH skipping duration in Rel-18 XR.
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