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Introduction
In RAN1#109-e, issues and solutions for Rel-18 XR power saving enhancements have been identified. Among them, high and medium priority issues agreed for further study include the followings [1]:
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
· [bookmark: _GoBack]…
· 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

In this contribution, we discuss potential enhancements for the above-listed issues. This tdoc is a revision of R1-2204655.

Discussions
Issue 1-1: Alignment between CDRX cycle and XR traffic periodicities
[bookmark: _Hlk102051175]The typical video frame rates in the XR and CG services include 60 fps and 120 fps. Corresponding to non-integer arrival rates of 16.67 ms and 8.33 ms, respectively, they do not fit exactly to the NR C-DRX cycles that are currently supported. The timing mismatch between the traffic arrivals and the DRX on-durations would grow larger, being accumulated after each cycle. Therefore, it is mandated to periodically reconfigure the DRX cycle or start offset whenever the timing mismatch exceeds a tolerable QoS latency threshold, e.g., packet delay budget (PDB). The following solutions were proposed to handle Issue 1-1 [2]:
· Alt. 1: Non-uniform CDRX cycle pattern
· Alt. 2: Uniform non-integer CDRX cycle
· Alt. 3: Dynamic signaling indicated adjustment of CDRX start offset/duration [Note 1]
· Note 1: it can also be adopted for addressing issue 1-2
· Alt. 4: Semi-static configurations of drx_startoffset to match the traffic periodicity
· Alt. 5: Periodic XR-specific PDCCH monitoring in both DRX ON and OFF based on XR packet generation cycle
Assuming that there is no jitter, the issue can be resolved by enhancing the DRX configuration in a semi-static manner. We think that Alt. 1 and Alt. 2 are valid options, but Alt. 4 may not solely resolve the non-integer issue (unless it assumes multiple DRX start offsets within a cycle). In our view, while Alt. 2 is a XR-specific minimum enhancement, Alt. 1 may provide larger flexibility and may be widely applicable. Therefore, Alt. 1 is slightly preferred.
Fig. 1 illustrates an example of enhanced C-DRX configuration for Alt. 1. Every three consecutive DRX cycles have their own periodicity, 17 ms, 17 ms, and 16 ms, respectively. The sum of the three cycles is 50 ms and is aligned with every three XR traffic arrivals (3*16.67 ms = 50 ms). Therefore, the misalignment issue can be resolved while not increasing UE’s wake-up durations. This approach is similar to that used in the NR slot format configuration P1+P2, and the expected specification impact is minimal.
[bookmark: _Hlk102140030]Proposal 1: To efficiently serve XR traffics with non-integer arrival rate, support non-uniform CDRX cycle patterns for a single DRX configuration.


Fig. 1. An example of enhanced C-DRX with non-uniform cycle patterns

Issue 1-2: C-DRX enhancements to handle jitter
Due to time-varying frame encoding delay, jitter may be introduced in each XR packet arrival. In the Rel-17 SI evaluation, jitter was modelled as truncated Gaussian with a truncation range [-4 ms, 4 ms] or optionally [-5 ms, 5 ms]. Due to this nature, the packet may arrive earlier or later than expected (i.e., mean arrival time) by up to several slots. To cover the timing uncertainty under a given latency budget, the DRX active time (i.e., DX on-duration timer and/or inactivity timer) needs to be configured much wider and it would increase the UE power consumption.
One basic idea for enhancement is to dynamically shift the DRX start offset at each DRX cycle according to the traffic arrival time. The WUS framework can be reused as the L1 signalling to indicate the DRX start offset. As depicted in Fig. 2, UE can monitor multiple WUS monitoring occasions (MOs). Each WUS MO, or each set of MOs, can be associated with a different DRX start offset in a one-to-one manner. Based on the WUS reception timing and the association information, UE may determine the start of the on-duration to wake up. To materialize the functionality, related issues such as WUS SS set configuration and association, WUS contents, definition/configuration of the DRX start offset, etc. need to be discussed together in the SI.
[bookmark: _Hlk102140039]Proposal 2: To efficiently handle jitter in XR packet arrivals, support dynamic DRX start offset indication based on WUS.


Fig. 2. An example of WUS-based DRX start offset indication

Issue 1-3: CDRX enhancements for multiple XR traffic flows
Some XR services may comprise multiple traffic streams, e.g., I-frame + P-frame, video + audio/data. In addition, XR devices may also need to communicate with normal broadcast and unicast data. Since each traffic flow may have its own arrival rate and different time offset, one DRX configuration would not be enough to optimize the UE’s wake up durations.
To improve the DRX operation toward the multi-flow traffic, C-DRX operation based on multiple DRX configurations can be considered within a serving cell. The DRX cycle of each DRX configuration can be configured to match with the arrival rate of each traffic flow. With this enhancement, some issues may need to be addressed. For example, whether some UE behaviours, e.g., PDCCH monitoring, are applied per serving cell or per DRX configuration may needs clarification. Another point is the WUS monitoring behaviour. Currently UE is allowed to monitor the WUS only outside the active time. However, if multiple DRX cycles with different periodicities and offsets are configured, some collision between WUS MOs and DRX active times across different DRX configurations may be unavoidable. In such case, it may be beneficial to define the WUS monitoring behaviour inside the active time.
Proposal 3: To handle multi-flow XR traffic, support multiple DRX configurations in a serving cell (or a DRX group).

Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation
The C-DRX operation can be implemented similarly by using Rel-17 PDCCH monitoring adaptation based on proper PDCCH skipping and/or SSSG switching indications. For example, UE behaviours in DRX off state and in PDCCH skipping duration are almost equivalent except that UE still monitors Type 0/0A/1/2 CSS sets in the latter case. When the power saving operation of XR devices is implemented based on Rel-17 PDCCH monitoring adaptation, whether enhancements are needed or not to handle the aforementioned XR traffic characteristics need to be discussed. From our initial assessment, the Rel-17 PDCCH monitoring adaptation functionality without enhancement can mimic or replace many of the enhanced C-DRX operations discussed above.
Proposal 4: Discuss further whether enhancements on Rel-17 PDCCH monitoring adaptation are needed or not to handle the XR traffic characteristics.

Conclusion
In this contribution, we provide our view on selected issues for Rel-18 XR power saving enhancements, from which the following proposals are drawn:
Proposal 1: To efficiently serve XR traffics with non-integer arrival rate, support non-uniform CDRX cycle patterns for a single DRX configuration.
Proposal 2: To efficiently handle jitter in XR packet arrivals, support dynamic DRX start offset indication based on WUS.
Proposal 3: To handle multi-flow XR traffic, support multiple DRX configurations within a serving cell (or a DRX group).
Proposal 4: Discuss further whether enhancements on Rel-17 PDCCH monitoring adaptation are needed or not to handle the XR traffic characteristics.
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