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Introduction
In RAN1#110, the following agreement on XR specific power saving techniques is achieved [1].
	[bookmark: _Ref494215420]Agreement·
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity


In this contribution, we present our analysis on XR specific power saving techniques. 
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[2] of R15/16 DRX cycle are all integers, that is to say, 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. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In TR 38.838 [3], jitter is modeled to follow truncated Gaussian distribution, and the range of jitter is agreed to be [-4ms, 4ms] (baseline) and [-5ms, 5ms] (optional). At the last meeting, company proposed increasing a new Jitter range to [-8ms, +8ms] for the truncated Gaussian distribution [4]. Companies are provided evaluation results with the new jitter range. Generally, we are fine with [-8ms, 8ms] optional jitter range. However, some problems brought by a wider range of jitter should also be considered. There could different performance of power saving gain in evaluating the different proposed solutions. For some power saving schemes, the power saving gain may be reduced due to the uncertainty of packet arrival time caused by a wider range of jitter. UE may wake up or enter sleep mode more frequently. It may not be necessary for RAN1 to enhance these power saving schemes with low energy saving gains.
Furthermore, XR traffic characteristics are being further studied in SA4. A recommended jitter configuration is shown in the latest TR 26.926 agreed in SA4 #120-e [5]. As shown in the following table, the packet delay range is within [15ms, 47ms], and the typical latency is 30ms, that is, the range of jitter is [-15ms, 17ms]. This means that the next frame may arrive earlier when the current frame is not received for the XR DL frame generation rates of 60fps. In order to ensure user experience and reduce packet error rate, UE may need to be wake frequently to receive packets. RAN1 should request the high-level group to identify traffic with a wide jitter range, and evaluate whether it is necessary to configure some enhanced CDRX schemes to UE.

	The following provides an idea of the latencies of packets from the time that a frame is rendered in the XR server to the time the packet arrives at the gNB/Radio:
· Min-Latency: 
· Pre-encoding delay: 10ms 
· Encoding delay: 2ms 
· Encoder-to-gNB delay: 3ms 
· Total delay: 15ms
· Max-Latency: 
· Pre-encoding delay: 20ms 
· Encoding delay: 17ms (considered exceptionally large)  
· Encoder-to-gNB delay: 10ms (considered exceptionally large)
· Total delay: 47ms
· Typical-Latency: 
· Pre-encoding delay: 15ms 
· Encoding delay: 4ms  
· Encoder-to-gNB delay: 11ms
· Total delay: 30ms



Observation 1: The power saving gain may be reduced due to the uncertainty of packet arrival time caused by a wider range of jitter.

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 power saving gain may be reduced due to the uncertainty of packet arrival time caused by a wider range of jitter.

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.
[bookmark: _GoBack]
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