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Discussion
1      Introduction

A study item of Study on XR Enhancements for NR was approved in RAN#94e meeting and revised in RAN#95e meeting [1][2]. In the previous RAN1 meetings, several agreements has been made as captured below. 
	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

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 analysis on XR-specific power saving enhancement of C-DRX, PDCCH monitoring and SPS configuration.
2      Discussion

XR-specific devices will have more limited battery and computing power than smartphones. Therefore, supporting efficient C-DRX solutions and efficient scheduling mechanism for XR devices is essential for power saving considering identified traffic characteristics above.

In the following, we present our views on XR-specific power saving enhancements.
2.1     Non-uniform DRX cycle pattern
DRX is one of important features defined and used for UE power saving in both LTE and NR. However, DRX is designed for latency insensitive services. To fit with XR service characteristics, some necessary enhancements should be specified.
XR service may consist of I-frame and P-frame. I-frame and P-frames have potentially different QoS requirements which may also lead to different resource allocation size. Non-integer periodicity of XR traffic can be configured as {30fps, 60fps, 120fps…}. The values of Release 15/16 existing DRX cycle in 38.321 are integers. For long DRX cycle, the values can be configured as {10ms, 20ms, 32ms…}. The current C-DRX mechanism only support constant size of DRX On Duration, which may cause extra delay and inefficient power consumption. One solution is to support double periods or multiple periods, or sequence based DRX On Duration/DRX Cycle. Or a dynamic/semi-static method to indicate enlarging the On Duration time if it is needed.

Proposal 1: Double period or multiple periods, or sequence based DRX On Duration/DRX Cycle should be studied for XR-specific power saving.

In order to resolve the mismatch between CDRX cycle and XR traffic periodicity for each flow, non-uniform DRX cycle pattern with different DRX cycles in one DRX configuration can be adopted. We propose multiple CDRX cycles in one DRX configuration, such as supporting two different cycles in one DRX configuration. The gNB sends the signaling indicating the DRX configuration with multiple CDRX cycles. The scheduling or non-scheduling DCI can be used to indicate the DRX cycle configuration, or the network side indicates the DRX configuration to UE by other signaling based on XR traffic. 

Proposal 2: Support multiple CDRX cycles in one DRX configuration to resolve the mismatch between CDRX cycle and XR traffic periodicity for each flow, such as supporting two different cycles in one DRX configuration. 

Proposal 3: Use the scheduling or non-scheduling DCI to indicate DRX cycle configuration, or the network side indicates DRX configuration to UE by other signaling based on XR traffic. 
Taking 30fps (33.33ms) as an example, {33ms, 33ms, 34ms} can be chosen as the configuration of different DRX cycles in one DRX cycle pattern, which is shown in Figure 1(a). As for 60fps (16.67ms), {17ms, 17ms, 16ms} is one of alternative combinations for DRX cycle pattern, which is shown in Figure 1(b). And {8ms, 8ms, 9ms} can be chosen for 120fps (8.33ms) shown in Figure1(c). In general, this solution not only meets the requirement of DRX cycle integer milliseconds, but also reduces the latency of receiving XR service packets.
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Figure 1 Multiple CDRX cycles in one DRX configuration
2.2     Semi-static/dynamic adjustment of CDRX
RRC controls DRX operation by configuring several parameters, including drx-onDurationTimer, drx-SlotOffset and drx-LongCycleStartOffset. In addition to high layer indication, another semi-static/dynamic adjustment of CDRX start offset/duration based on DCI or WUS can be used to resolve mismatch between XR traffic periodicity and DRX integer cycle configuration.

In the semi-static adjustment, DCI or WUS can be used as the signaling to indicate the start offset or adjust On Duration of CDRX cycle. The semi-static CDRX configuration solution is to initialize the periodic configuration of CDRX at first, including drx-StartOffset and drx-onDurationTimer in a single cycle, and then dynamically adjust the start offset and On Duration time, such as adjusting drx-StartOffset after two cycles mentioned in multiple DRX cycles in one DRX configuration. The network does not send the signaling before every DRX cycle, so it can save power to some extent and reduce the receiving delay of XR packets.
For dynamic adjustment solution, network monitoring is performed and signaling is dynamically sent to UE to adjust the DRX cycle parameters, which can be indicated by WUS/DCI or other additional signaling. Dynamic adjustment can achieve the purpose of matching XR periodicity and CDRX cycle, which reduces the latency of packet receiving. However, the signaling overhead of dynamic adjustment may large, and the signaling should be sent frequently, which is not beneficial for power saving. Therefore, the performance of dynamic adjustment solution should be verified and compared with semi-static solution.
Proposal 4: Support semi-static/dynamic adjustment of CDRX start offset/duration to resolve the mismatch between XR service arrival and CDRX cycle.

Proposal 5: DCI/WUS or other additional signaling can be used to indicate adjustment of DRX cycle parameters.
2.3     Jitter
In Release 17, RAN1 agreed that video traffic suffer from random jitter which is modeled to follow truncated Gaussian distribution with a range of [-4ms ~ 4ms] or [-5ms ~ 5ms]. Due to jitter, the XR traffic may arrive at UE early or late. Generally, to meet the low-latency requirement, one simple way to solve the jitter problem is to configure DRX On Duration timer long enough to cover the jitter range. UE would monitor the PDCCH for a long time, which would lead to power consumption.
Based on the agreements in RAN1#110 meeting, the value of instantaneous jitter for a frame is assumed to be unpredictable at RAN side. If further input provided by SA, the value may be predictable and we can adapt correlated technology for the aim of power saving.
	Refer to agreements in RAN1#110 meeting
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.


XR service may have multiple streams (e.g., video stream, audio stream). Regarding the flow model of XR service, while the video frames are generated at a constant rate, data packets carrying those video frames may not show a constant interarrival time. The data packets may experience a random jitter even if frames are generated periodically by the XR server, which may lead to burst of data packets. Processing time, network congestion, packet routing or poor transmission environment will lead to latency variation and result in jitters with delay statistical property. Therefore, we propose a dynamic C-DRX mechanism to adjust the starting time of C-DRX On Duration adapted to the random jitters.
Proposal 6: Specify a dynamic or semi-static C-DRX mechanism to adjust the starting time of C-DRX on duration adapted to the random jitter.
In order to solve the jitter problem, dynamic indication of DRX On Duration starting time can be applied. This part of dynamic adjustment solution is similar as the above dynamic CDRX cycle matching solution. DCI or WUS is monitored in the PDCCH monitoring window to indicate the starting time of DRX On Duration, so as to achieve the purpose of power saving and reducing latency.
Without jitter, dynamic signaling mainly adjusts the start offset and On Duration time of DRX cycle. Considering jitter, it is slightly different here that in addition to the above considerations, the starting time of DRX On Duration is also considered. The jitter causes the arrival time of the XR packet to be advanced or delayed, and dynamic signaling can be used to quickly adjust the On Duration starting time. This information can be obtained using the same mechanism, so the jitter dynamic solution is similar with the dynamic solution mentioned above.
Proposal 7: Dynamic indication of DRX On Duration starting time can be applied to solve the jitter problem.
In CDRX enhancements mentioned above, the gNB sends the signaling to UE, and UE needs to receive the signaling during PDCCH monitoring. UE in the periodic XR-specific PDCCH monitoring can monitor the signaling in the On Duration and dormancy of DRX, and adjust the DRX cycle parameters according to the signaling.
Proposal 8: Support periodic XR-specific PDCCH monitoring in the On Duration and dormancy of DRX.
UE can monitor the start time adjustment parameter named as start-offset during C-DRX On Duration or Active-time or DRX Cycle. The corresponding adjustment can bring forward or delay the related C-DRX time stamps. The start-offset can be dynamically or semi-statically signaled by DCI or MAC CE to indicate the start time adjustment of following On Duration or DRX Cycle as illustrated Figure 1 and Figure 2. For example, DCI format 1_0 and 1_1 can be used for indicating the start-offset with reusing the current field. Another method to indicate the start-offset is that based on the current DCP (DCI with CRC scrambled by PS-RNTI) mechanism, DCI format 2_6 can be enhanced or new DCI format can be defined.
To adjust the start offset of DRX On Duration, there will be following various choices:
Option 1) The start-offset indicates the adjacent On Duration/DRX Cycle needed to adjust the start time. The following On Duration/DRX Cycle will adjust accordingly as illustrated in Figure 2(a) and Figure 3(a).

Option 2) The start-offset indicates the adjacent On Duration/DRX Cycle to adjust the start time. The following On Duration/DRX Cycle will remain the original time stamp as illustrated in Figure 2(b) and Figure 3(b).
Option 3) The start-offset indicates the following number of X continuously On Duration/DRX Cycle to adjust the start time. The number of X indicates the continuous On Duration/DRX Cycle affected, which can be signaled with start-offset indication by above signaling or configured semi-statically by RRC signaling as illustrated in Figure 2(c) and Figure 3(c). 
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	Figure 2 Start-offset monitoring during DRX On Duration
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	Figure 3 Start-offset monitoring during DRX dormancy


Due to the random jitters, the gNB may indicate UE to adjust the start time of C-DRX On Duration based on the buffer state and XR service prediction. Therefore, the start-offset monitoring during DRX On Duration should be supported as baseline. To further reduce the delay, start-offset indication monitoring should also be supported during DRX dormancy, when DCP is enabled.
The data packets may experience a random jitter, option 1 and option 2 have similar signaling overhead and complexity. Besides, option 3 with X equals a number above 1 may need FFS.
Proposal 9: The start-offset indication monitoring should be supported at least during C-DRX On Duration. 

Proposal 10: At least option 1 or option 2 should be supported, while option 3 needs FFS.
2.4     DRX and PDCCH search space interconnected mechanism
Interconnecting DRX configuration and PDCCH search space configuration, the gNB configures the relationship between DRX and PDCCH search space by signaling. For example, different DRX configurations adapt to different power-saving modes, and the mapping relationship between two groups of different DRX configuration parameters and two search spaces is configured through RRC signaling. 

Proposal 11: Support interconnecting DRX configuration and PDCCH search space configuration.

2.5     C-DRX enhancement for SPS
Based on the agreements in RAN2#119 e-meeting, whether SPS has some power consumption benefits needs further study as captured below.
	Refer to agreements in RAN2#119e

RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.


Current C-DRX mechanisms only support UE sleeping without PDCCH monitoring. However, when there is semi-persistent scheduling configured, UE should monitor SPS PDSCHs as configured even it is in DRX dormancy. Since PDCCH capacity is not assumed as a problem in Rel-18 XR , SPS enhancement may be not needed to study at the high priority. Compared with other scheduling modes, SPS may be beneficial for power saving in XR service. Due to the SPS may be used commonly for XR service and other latency insensitive service, it is necessary to avoid receive some SPS PDSCHs of low priority when XR-specific DRX is activated.
We propose to enhance current C-DRX to support DRX dormancy for the configured SPS PDSCHs. UE will receive all SPS PDSCHs during C-DRX On Duration, but only receive part of the SPS PDSCHs (e.g., with high priority or XR-specific) during C-DRX dormancy. RRC signaling can be used to configure the priority of SPS PDSCHs. 

Proposal 12: C-DRX enhancements for SPS PDSCHs of different priorities should be studied.

3      Conclusions
In this contribution, we present our analysis on XR-specific power saving enhancements. Following proposals are made:
Proposal 1: Double period or multiple periods, or sequence based DRX On Duration/DRX Cycle should be studied for XR-specific power saving.

Proposal 2: Support multiple CDRX cycles in one DRX configuration to resolve the mismatch between CDRX cycle and XR traffic periodicity for each flow, such as supporting two different cycles in one DRX configuration. 

Proposal 3: Use the scheduling or non-scheduling DCI to indicate DRX cycle configuration, or the network side indicates DRX configuration to UE by other signaling based on XR traffic. 
Proposal 4: Support semi-static/dynamic adjustment of CDRX start offset/duration to resolve the mismatch between XR service arrival and CDRX cycle.

Proposal 5: DCI/WUS or other additional signaling can be used to indicate adjustment of DRX cycle parameters.
Proposal 6: Specify a dynamic or semi-static C-DRX mechanism to adjust the starting time of C-DRX on duration adapted to the random jitter.
Proposal 7: Dynamic indication of DRX On Duration starting time can be applied to solve the jitter problem.
Proposal 8: Support periodic XR-specific PDCCH monitoring in the On Duration and dormancy of DRX.
Proposal 9: The start-offset indication monitoring should be supported at least during C-DRX On Duration. 

Proposal 10: At least option 1 or option 2 should be supported, while option 3 needs FFS.
Proposal 11: Support interconnecting DRX configuration and PDCCH search space configuration.
Proposal 12: C-DRX enhancements for SPS PDSCHs of different priorities should be studied.
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