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Introduction
In RAN1#110-bis, the following agreement on XR specific power saving techniques is achieved [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



[bookmark: _Ref494215420]In this contribution, we present our analysis on XR specific power saving techniques [2]. 
Discussion
CDRX enhancement
CDRX Pattern periodicity enhancement
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK78][bookmark: OLE_LINK79]For the typical XR DL frame generation rates of 60 (baseline), 90 and 120 fps, the packet arrival periodicities are 16.67ms, 11.11ms and 8.33ms, respectively. Obviously, the periodicity for XR is non-integer, while the configuration values in TS 38.331[3] of R15/16 DRX cycle are all integers. Hence, there is a mismatch between the non-integer XR DL frame arrival periodicity and the integer CDRX cycle value. The optimization mechanism of CDRX needs to be studied to provide the matching between CDRX mode and XR traffic periodicity. A potential method is to shorten the CDRX cycle and set a longer On Duration timer, which will increase the UE power consumption due to the longer wakeup time. This is definitely not what we expected.
As is known to all, for the XR traffic with periodicity of 16.67ms, CDRX can align with the XR traffic every 50ms, which will be generated three traffic frames within 50ms. We can set three integer cycles of CDRX to match the arrival of the three traffic frames. One method is to configure the same periodicity of the three CDRX cycles as 16ms, and adjust the drx-startoffset with 2ms every three cycles, as depicted in Figure 1. That is to ensure that the sum of three cycles is 50ms.
[image: ]
Figure 1.  Adjust the drx-startoffset to match the XR traffic
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK23][bookmark: OLE_LINK24]In order to achieve an aligned periodicity between CDRX configuration and XR service, another method is to configure multiple periodicities of the three CDRX cycles within 50ms pattern. As shown in Figure 2, two periodicities are configured in the three CDRX cycles: 16ms and 18ms. For the three cycles within 50ms, the first and second CDRX cycle are 16ms and the third CDRX cycle is 18ms, which has the same effect as the previous method. 
[image: ]
Figure 2.  Multiple periodicities of CDRX pattern
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 1: In order to achieve an aligned periodicity between CDRX configuration and XR service, configure multiple periodicities of the three CDRX cycles within 50ms pattern can be considered.
[bookmark: OLE_LINK15][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK72]The XR DL frame generation rate is fixed for a period of time, so the semi-static RRC configuration can be used to carry the CDRX configuration to align the CDRX cycle and XR service. For example, the CDRX configuration can be one or a combination of the following parameters: the non-uniform CDRX cycle pattern, drx-onDurationTimer, drx-InActivityTimer, start-offset of CDRX On Duration, and other CDRX related parameters. The semi-static RRC configuration of DRX parameters within 50ms pattern has little impact on the specification. Due to the large latency of semi-static RRC configuration, if some CDRX parameters need to be re-configured because of changes in the traffic arrival process, it should be configured before the current configuration expires.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Proposal 2: The semi-static RRC configuration can be used to carry the CDRX configuration, such as the non-uniform CDRX cycle pattern, drx-onDurationTimer, drx-InActivityTimer, start-offset of CDRX On Duration.

CDRX pattern design with jitter
The impact of jitter on UE receiving DL transmission should also be considered, since jitter will lead to random arrival time of XR DL traffic. The actual XR DL frame arrival time may be earlier or later than the expected arrival time.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Due to unpredictable jitter, the network may not know the actual arrival time of XR DL frame in advance, the actual arrival time of the frame may be advanced or delayed. If the frame arrives earlier than On Duration, that is, the UE is still outside CDRX Active Time when frame arrives, the CDRX On Duration needs to be advanced to receive the frame, and if the frame arrival time is late, the CDRX On Duration needs to be delayed. So it may not be able to use semi-static RRC configuration for timely adjustment, which may cause a delay in data reception. It is necessary to make some quick adjustments to the CDRX configuration, which may require a dynamic indication of the CDRX cycle. DCI can be used to indicate the starting position of CDRX On Duration. 
Observation 1：The semi-statically configured starting position of the drx-onDurationTimer to solve Jitter issues may cause a delay in data reception. 
Proposal 3：Dynamic indication of CDRX configuration can be considered to solve Jitter issues.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK84]The time when UE starts drx-onDurationTimer is adjusted based on the frame arrival time with jitter=0. By reusing the existing field or using the reserved bits in some DCI format, such as DCI format 1_0, the starting position adjustment information can be indicated. 
[bookmark: OLE_LINK31]To reduce the impact on the specification, one or more adjustment values can be carried by semi-static RRC configuration, or it can be specified in the specification. If it carries one adjustment value, which means that the offset between UE receiving the DCI and starting the drx-onDurationTimer is fixed. If it carries multiple adjustment value, such as N values, -bit indicators are required in DCI. For example, if the adjustment values is made based on slot, the range of Jitter is ±4ms, which means specify an adjustment value of 16 slots for SCS with 30 kHz. Then 4-bit are required in DCI.
Proposal 4：To reduce the impact on the specification, one or more adjustment values can be carried by semi-static RRC configuration, or it can be specified in the specification.
[bookmark: OLE_LINK49]Proposal 5：It is necessary to further study how to indicate the starting position adjustment information in DCI.
[bookmark: OLE_LINK16]The design of PDCCH monitoring occasion should be based on the frame arrival time with jitter=0. One way is to follow the design of the existing WUS signal. There is an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI according to the search space sets [4]. The other way is that the PDCCH monitoring window should be within the jitter distribution range, as shown in Figure 3 with the dotted green line, that is, PDCCH monitoring should also be supported during CDRX dormancy. In particular, in order to further reduce the delay, the start time of the PDCCH monitoring window is slightly prior to the beginning of the jitter distribution, since the frame may arrive at the leftmost side of the truncated Gaussian distribution, and the advance time is to prepare for UE to receive data. If DCI is not detected in the PDCCH monitoring window, the adjustment value is defaulted to 0, that is, UE would start the drx-onDurationTimer according to the frame arrival time with jitter = 0.


Figure 3. Dynamically adjust CDRX pattern, such as early trigger or postpone the CDRX starting position
Proposal 6: The design of PDCCH monitoring occasion should be based on the frame arrival time with jitter=0.
· follow the design of the existing WUS signal
· PDCCH monitoring window should be within the jitter distribution range
Proposal 7：If DCI is not detected in the PDCCH monitoring window, the adjustment value is defaulted to 0.
Conclusion
In this contribution, we discussed XR-specific power saving techniques to accommodate XR service characteristics. The following proposals and observations are achieved:
Observation 1：The semi-statically configured starting position of the drx-onDurationTimer to solve Jitter issues may cause a delay in data reception. 

Proposal 1: In order to achieve an aligned periodicity between CDRX configuration and XR service, configure multiple periodicities of the three CDRX cycles within 50ms pattern can be considered.
Proposal 2: The semi-static RRC configuration can be used to carry the CDRX configuration, such as the non-uniform CDRX cycle pattern, drx-onDurationTimer, drx-InActivityTimer, start-offset of CDRX On Duration.
Proposal 3：Dynamic indication of CDRX configuration can be considered to solve Jitter issues.
Proposal 4：To reduce the impact on the specification, one or more adjustment values can be carried by semi-static RRC configuration, or it can be specified in the specification.
Proposal 5：It is necessary to further study how to indicate the starting position adjustment information in DCI.
Proposal 6: The design of PDCCH monitoring occasion should be based on the frame arrival time with jitter=0.
· follow the design of the existing WUS signal
· PDCCH monitoring window should be within the jitter distribution range
Proposal 7：If DCI is not detected in the PDCCH monitoring window, the adjustment value is defaulted to 0.
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