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Introduction
In RAN1#109-e, power saving techniques for XR devices were discussed and based on discussion issues having relatively high priority were identified as follows [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:
· [bookmark: _GoBack]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

In RAN1#110, further agreements were made regarding the remaining work scope of the SI [2]:
Conclusion:
· Conclude that “SFN wraparound mismatch” is a RAN2 issue. It can be left to RAN2 to address. RAN1 does not further study it.
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.
Conclusion:
· All the proposed PDCCH monitoring adaptation/reduction schemes including those for jitter handling need to be compared against the Rel-17 PDCCH monitoring adaptation which is to be used as performance reference.
Conclusion:
· UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.
Conclusion:
· RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.
For future meetings:
· Companies are encouraged to account the enhancement of CDRX to align with XR traffic periodicity in their further evaluations for XR power saving enhancements.  
Conclusion:
· Companies are requested to use the Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.

In this contribution, we discuss potential enhancements on CDRX and PDCCH monitoring operation focusing on the high and medium priority issues captured above. This contribution is a revision of R1-2204655.

Discussion on CDRX enhancements
Issue 1-1: Alignment between CDRX cycle and XR traffic periodicities
[bookmark: _Hlk102051175]In the XR and CG services, typical values for the video frame rate include 60 and 120 fps. They correspond to non-integer arrival rates 16.67 ms and 8.33 ms, respectively, and 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. As a result, unless the gNB periodically reconfigures the DRX cycle offset, the timing mismatch would exceed a tolerable QoS latency threshold, e.g., packet delay budget (PDB). Several solutions have been proposed to handle Issue 1-1 [3]:
· 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
Among the alternatives, Alt. 1 and Alt. 2 are preferred options because the arrival rate(s) of our concerned traffic model is not time-varying for a long time, i.e., semi-static (before we consider the jitter) which can sufficiently be handled by the semi-static DRX configuration. Also, the expected specification impact is small for both options. A slight difference between Alt. 1 and Alt. 2 seems that while Alt. 2 can serve the XR-specific DRX operations, Alt. 1 may allow better flexibility to the placement of the DRX on-durations, thus may cover a wider application area.
Fig. 1 illustrates an example of enhanced C-DRX configuration for Alt. 1. Three consecutive DRX cycles having a periodicity of 17 ms, 17 ms, and 16 ms, respectively, form a non-uniform cycle pattern. The total cycle by summing up the three sub-cycles is 50 ms and it is aligned with a bundle of three XR traffic arrivals (3*16.67 ms = 50 ms). Thus, this fine tuning approach works well at least for the XR applications without jitter.
[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]. In the last meeting, it was confirmed that RAN1 does not assume the jitter value is predictable during the SI before any input from SA. 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 will increase the UE baseband power consumption.
One potential enhancement is to dynamically shift the DRX start offset at each DRX cycle according to the traffic arrival time. To this end, 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. In this way, for each DRX cycle, the DRX on-duration position will be optimized to the actual traffic arrival time.
[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.
Proposal 3: To handle multi-flow XR traffic, support multiple DRX configurations in a serving cell (or a DRX group).

Discussion on PDCCH monitoring enhancements
Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation
From Rel-17 NR, the C-DRX operation can also be implemented by using PDCCH monitoring adaptation based on proper indications of PDCCH skipping and/or SSSG switching. For example, UE behaviours in the DRX off state and in the PDCCH skipping duration are almost equivalent except two differences. One is UE still monitors Type 0/0A/1/2 CSS sets during the PDCCH skipping duration. Another difference is that in the DRX sleep duration, UE monitors DCI for DL/UL retransmission scheduling when the DRX retransmission timer starts, however, such mechanism was not introduced for the PDCCH skipping yet which may severely degrade the latency performance of the concerned HARQ processes. It would be also problematic when a SPS PDSCH resource is located within a PDCCH skipping duration as illusrated in Fig. 3. In this regard, it is proposed to further study how to guarantee the HARQ retransmission for the Rel-17 PDCCH skipping operation.
Proposal 4: Further study the PDCCH monitoring enhancement for DL/UL retransmission during the Rel-17 PDCCH skipping duration.
[image: ]
Fig. 3. Delayed SPS PDSCH retransmission due to PDCCH skipping

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: Further study the PDCCH monitoring enhancement for DL/UL retransmission during the Rel-17 PDCCH skipping duration.
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