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Introduction
In RAN#94e, a new study item on XR enhancements for NR was approved [1]. In RAN1#109e [2], techniques for power saving for XR services were discussed and candidate techniques were identified for further study.
In this Tdoc, we provide our views on the candidate techniques for XR specific power saving.
Discussion
In the Rel-17 XR study item, traffic characteristics of XR services were intensively studied and the DL/UL traffic models were developed [3]. Based on the outcomes of the studies in Rel-17, the following characteristics of the XR traffic are quite different from the traditional eMBB and URLLC services, and should be considered for the potential enhancements of NR to support XR:
· Non-integer periodicity: For a DL/UL video stream traffic, typically there will be 60, 90, or 120 frames per second (i.e., 60/90/120 FPS). It means the XR packets will arrive at RAN every 1/60, 1/90 or 1/120 second, respectively. However, the periodicity of SPS/CG and the DRX cycle in current specification can only be an integer number of slots. Therefore, it is not possible to configure a SPS/CG periodicity and a DRX cycle to match the XR packet arrival time perfectly. If the periodicity of SPS/CG or DRX cycle is configured to an integer number of slots, there will be a mismatching gap between XR packet arrival time and the nearest SPS/CG occasions or DRX on duration, and the gap will be accumulated over time and the PDB requirement will be difficult to match. 
· Jitter of packet arrival time: for a DL or UL video stream, there is a jitter effect for the data packet arrival time. It means the arrival time of a particular packet is unpredictable for gNB or UE. In [3], a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of 8ms or 10ms length, and the exact arrival time is not known in advance. 
· Delay budget: transmission of the video and pose/control packets with low latency is very critical for XR service to provide good user experience. Packet Delay Budget (PDB) is used as a KPI for the evaluation of the air interface delay for XR services. It is defined as the time duration from the time XR packets arrive at gNB/UE to the time that the packets are successfully delivered. As indicated in [3], the air interface PDB for video stream in the evaluation should be 10ms for AR/VR and 15ms for cloud gaming. 
· Large and varying packet size: many of the XR services are bandwidth hungry applications. For a high quality video stream, a video frame usually has a large size, e.g., around 1M bits per frame after compression for an 8K video. The video frames may be divided into several IP packets and then delivered to RAN. Typically, at the L1, multiple PDSCH/PUSCH may be needed for a single frame. Only if all the IP packets are successfully delivered, the video frame can be declare successfully transmitted. In addition, similar as traditional eMBB services, the data packet size is varying over time which mainly depends on the contention of the frame and the compression algorithm.
Observation 1: the traffic characteristics of XR services (e.g., the non-integer periodicity, jitter of packet arrival time, delay budget and the large and varying packet size) are quite different from traditional eMBB and URLLC, and should be considered in the enhancement for XR.
1.1 DRX enhancement

In order to address the non-integer periodicity issue, the following DRX enhancements can be further studied:
(1) Define new DRX periodicities with non-integer values, e.g., 1/60 second, 1/90 second and 1/120 second. However, time instances determined based on the non-integer periodicity may be not aligned with the slot boundaries. Therefore, UE may need to determine a starting slot of the DRX on-duration based on the time instance determined based on the non-integer periodicity. 
(2) Compensate the accumulative mismatch between DRX cycle and traffic arrival time when necessary: In this case, the integer periodicity of DRX cycle can still be used. For example, for a XR traffic with 1/60 second periodicity, the periodicity of DRX cycle can be configured as 16ms. Then there will be a ~0.67ms mismatch between the DRX cycle and the traffic packet arrival time, and this mismatch will be accumulated along with time. UE may determine an offset value to compensate the mismatch (e.g., to reduce or increase the duration of a particular DRX cycle) when the accumulated mismatch is too much.
(3) Define a pattern for DRX cycles to match the traffic arrival time coarsely. For example, for the 1/60 second arrival periodicity, a pattern of DRX cycle can be defined as [17ms, 17ms, 16ms], each element in the pattern represents a duration of a DRX cycle, and the pattern will be repeated. Based on this method, the average periodicity of the DRX cycle will be: (17+17+16)/3 =~16.67 ms, which can be matched with the packet arrival periodicity well.
Proposal 1: Study the mechanism to address the mismatch between DRX cycle and the non-integer periodicity of XR packet arrival time.

Jitter of the packet arrival time should also be considered for the DRX enhancement. Considering the stringent PDB requirement, after the packet arrived at RAN, it is better to transmit it as soon as possible. If DRX is configured, long time waiting for a DRX on-duration should be avoid. Therefore, gNB may configure the DRX on-duration to be started before or slightly after the earliest time of potential packet arrival time. However, this may lead to more power consumption since the on-duration has to be configured relatively long due to the unpredictable arrival time. On the other hand, the existing design of wake-up mechanism may be not efficient for some XR services. Since the precise arrival time of XR packet is not predictable, gNB may have to configure a long monitoring window for the WUS, i.e., DCI format 2-6. However, based on the existing spec, the DRX on-duration can only be started after the end of the WUS monitoring window. Therefore, if a packet arrives early in the WUS monitoring window, gNB and UE have to wait a long time before the DRX on-duration is started, it apparently has negative impact for the PDB requirement.
Proposal 2: Study the enhancement of the starting time of the DRX on-duration and the WUS monitoring window to get good balance between the power saving and packet delay.

Another issue related to DRX is how to support XR service with multiple traffic flows. For single traffic flow, it is easy to implement DRX configuration matching the flow characteristics to save UE power. However, for multiple traffic flows with different periodicities and traffic loads, UE configured with only one DRX configuration on a cell or cell group has less time to sleep, since it is hard to match the period of DRX cycle with the multiple traffic flows simultaneously. One solution can be further considered is to support multiple DRX configurations for multiple XR traffic flows.
Proposal 3: Study the enhancement of multiple DRX configurations to better support XR services with multiple traffic flows.

DRX mechanism is efficient for UE power saving, however, in only restrict the behaviors of UE receiving. For the configured UL transmissions, e.g., CG PUSCH or periodic PUCCH, UE is free to transmit them even in a DRX off-duration if they are configured. On the other hand, some of the XR services, e.g., the AR services, may have stringent requirement on PDB in UL, which means UE cannot wait too long after the packet arrived at UE’s buffer. Therefore, it will be beneficial if the DL and UL traffic burst can be aligned within a duration, then UE may just need to wake-up once to receive the DL data and transmit the UL data in a single DRX on-duration.
Proposal 4: Study the mechanisms for DL and UL alignment to further reduce the power consumption.
1.2 PDCCH monitoring enhancements

In RAN1#109e, it is agreed that the enhancement to Rel-17 PDCCH monitoring adaptation will be a high priority issue in the study. Considering the jitter effect of the XR packet, it is beneficial to support non-scheduling DCI, e.g., DCI format 1-1 without resource assignment, for PDCCH monitoring adaptation indication. Considering the relatively plenty of available bits in the DCI format 1-1, it is reasonable to also support indicating PDCCH monitoring adaptation for multiple serving cells by a single non-scheduling DCI. 
Proposal 5: support PDCCH monitoring adaptation triggered by a non-scheduling DCI, and consider indicating multi-cell PDCCH monitoring adaptation by a single DCI.
Enhancement on PDCCH skipping duration is also identified as a candidate technique for further study in RAN1#109e. the existing PDCCH skipping duration can only be a certain number, e.g., 10 slots, 100 slots, etc. Considering the jitter effect of the XR packets arrival time, it is difficult to predict the accurate arrival time of next XR packet, so it is difficult to choose an appropriate number for the skipping duration. Therefore, it is necessary to study how to enhance the skipping duration to handle the jitter effect better. On the other hand, considering the stringent requirement on the packet delay budget, it is also beneficial to consider the early termination of the PDCCH skipping, e.g., if a XR packet arrived earlier than the expected time, an ongoing PDCCH skipping procedure can be early terminated to fulfil the PDB requirement better.
Proposal 6: further study the enhancement of PDCCH skipping duration, and mechanism of early termination of PDCCH skipping.
XR service combines the characteristics of eMBB and URLLC. XR traffic is similar to eMBB services in that it has varying packet sizes. On the other hand, the XR packet arrival time or periodicity is more predictable. XR service has also features of URLLC service such as lower latency requirement, and higher reliability. However, currently PDCCH monitoring does not take into account these XR specific traffic characteristics. Considering the lower delay tolerance and shorter XR traffic periodicity, we propose a method of reducing signaling overhead by improving the alignment of XR packet arrival time and PDCCH monitoring.
The periodicity and offset of PDCCH monitoring can be adjusted to support the XR traffic periodicity e.g., 8.33ms, 16.67ms. However, as these are not integer values, the PDCCH search space configuration may need to be periodically adjusted. For XR, these SS switching can be predetermined since the DL/UL traffic characteristics can be known upon the first arrivals. 
The PDCCH monitoring offset can be adjusted to support the specific periodicity of the XR traffic such as 8.33ms or 16.67ms, or any other such ‘non-integer’ periodicity. The monitoringSlotPeriodicityAndOffset configures the timing of the Search Space Set. A Search Space Set occurs during slot(µ, s, f) within Frame(f) when the following equality is true:
For 30KHz SCS, there are 20 slots per frame 
(Frame(f)  x 20 + slot(µ, s, f) – offset – k(µ) + jitter) mod Periodicity = 0
where p is the index of periodicity, p=0, 1, 2, 3, 4, 5… 
 k(µ) = ⌈ p *(1000ms/fps*2^µ - Periodicity) ⌉
· The ‘fps’ (frame per second) is the frame rate for XR.
· ‘jitter’ is an offset which may be added for the jitter. 
A DCI field (such as the reserved value of PDCCH monitoring adaptation field) may be used to set the jitter offset from time to time (start offset of PDCCH monitoring may shift according to +/- ‘jitter offset’ value).
[bookmark: _Hlk101785108]Proposal 7: Specify XR specific PDCCH monitoring offset parameters such as k(µ) and jitter in Search Space Set configuration.
Proposal 8: Support DCI based dynamic adaptation of XR specific PDCCH monitoring offset such as ‘jitter’.
Proposal 9: Specify a higher layer parameter of ‘frame per second’ for the frame rate of XR traffic.


Conclusion
In this contribution, we discussed the potential techniques for XR specific power saving, the following observation and proposals are made:
Observation 1: the traffic characteristics of XR services (e.g., the non-integer periodicity, jitter of packet arrival time, delay budget and the large and varying packet size) are quite different from traditional eMBB and URLLC, and should be considered in the enhancement for XR.
Proposal 1: Study the mechanism to address the mismatch between DRX cycle and the non-integer periodicity of XR packet arrival time.
Proposal 2: Study the enhancement of the starting time of the DRX on-duration and the WUS monitoring window to get good balance between the power saving and packet delay.
Proposal 3: Study the enhancement of multiple DRX configurations to better support XR services with multiple traffic flows.
Proposal 4: Study the mechanisms for DL and UL alignment to further reduce the power consumption.
Proposal 5: support PDCCH monitoring adaptation triggered by a non-scheduling DCI, and consider indicating multi-cell PDCCH monitoring adaptation by a single DCI.
Proposal 6: further study the enhancement of PDCCH skipping duration, and mechanism of early termination of PDCCH skipping.
Proposal 7: Specify XR specific PDCCH monitoring offset parameters such as k(µ) and jitter in Search Space Set configuration.
Proposal 8: Support DCI based dynamic adaptation of XR specific PDCCH monitoring offset such as ‘jitter’.
Proposal 9: Specify a higher layer parameter of ‘frame per second’ for the frame rate of XR traffic.
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