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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]In 3GPP Rel-17 study item “Study on XR Evaluations for NR”, progress has been made on many aspects, e.g. applications, KPIs, evaluation assumptions/methodologies, and performance evaluations. The results have been summarized in TR 38.838 [1]. In Rel-18, a new SID “Study on XR Enhancements for NR” has been approved in RAN#94e with the following areas: XR-awareness in RAN, XR-specific power saving, and XR-specific capacity improvements [2]. Some initial discussions and agreements have been made in RAN1#109-e [3]. RAN1 will continue to discuss these aspects in RAN1#110. 
[bookmark: _Hlk110523681][bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]In this contribution, we provide our views on XR-specific power saving, including C-DRX enhancements to solve the periodicity mismatch and jitter issues, and Rel-17 PDCCH monitoring adaptation enhancements. 
C-DRX enhancements
In RAN1#109-e [3], the following agreement on C-DRX enhancements was achieved. Several issues have been identified when considering C-DRX for XR power saving. In this section, we will discuss these issues and provide solutions to handle them.
	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:
· 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]
· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate
· Note: Some companies think the adjustment for variable burst sizes can be realized by existing spec already
· Low priority Issue 1-5: low latency handling 
· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)
FFS: how the solutions or the combination of the solutions can handle all the identified issues.
Note 1: Other considerations are not precluded
Note 2: It can also be adopted for addressing issue 1-1
Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.
Additional details can be found in R1-2205411.


[bookmark: _Ref109202558][bookmark: OLE_LINK17][bookmark: OLE_LINK10]Enhancements to handle periodicity mismatch
For a typical video, the frames arrive periodically every 1/F second, where F is the frame rate in FPS of the video. Typical frame rates of XR video are 30FPS, 60FPS, 90FPS, and 120FPS, resulting in the non-integer periodicity of XR traffic, e.g., 1/30s, 1/60s, 1/90s, and 1/120s.  However, the existing C-DRX configurations only support integer cycle values, e.g., integer multiples of 1 ms, which will lead to mismatch between XR traffic and DRX on durations over time.
To address the mismatch between C-DRX cycle and XR traffic periodicity, some directions for C-DRX enhancements have been identified in RAN1#109-e [4]. For example, 
1) Non-uniform C-DRX cycle pattern, 
2) Uniform non-integer C-DRX cycle, 
3) Dynamic signaling indicated adjustment of C-DRX start offset/duration, 
4) Semi-static configurations of drx_startoffset to match the traffic periodicity
5) Periodic XR-specific PDCCH monitoring in both DRX ON and OFF based on XR packet generation cycle
6) Multiple active C-DRX configurations
All these solutions aim to align C-DRX on durations with XR traffic arrival instances, which are expected to have similar power saving performance. As shown in Rel-17 performance evaluation in clause 8.3.3.1 of TR 38.838 [1] , the enhanced C-DRX can achieve certain power saving gain compared with legacy C-DRX with acceptable reduced ratio of satisfied UEs.
The main differences among these solutions may lie in specification impact, signaling overhead, forward compatibility, etc. 
Solution 1), 2), and 4) needs to introduce new cycle patterns, new non-integer C-DRX cycles, and new start offsets for different XR video frame rates, respectively, which may not be forward compatible. Because although typical frame rates of XR video are 30FPS, 60FPS, 90FPS, and 120FPS, there may be new frame rates in the future. The solutions should be applicable to potential new frame rate in the future, e.g., should try to avoid RRC impact as much as possible if new frame rate emerges. 
Solution 3) seems flexible, but at the expense of large signaling overhead, which is not necessary for quasi-periodic XR traffic. 
The details of Solution 5) are not clear and need further clarification. 
Solution 6) needs to introduce multiple C-DRX configurations, e.g., multiple start offsets, which can adapt to variety of frame rates of XR video. It can also be adopted for addressing multiple XR traffic flows with different traffic periodicities if needed, e.g., configuring multiple cycles and offsets.
Based on the above analysis, we think Solution 1), 2), 4), and 6) can be further studied regarding signaling overhead, specification impact and forward compatibility. The specification impacts of these solutions may also need to be checked by RAN2 if necessary since C-DRX is specified in higher layer specifications. A simple solution with less signaling overhead, less specification impact and good forward compatibility is preferred. 
[bookmark: _Ref111041785]Proposal 1: Further study the following C-DRX enhancements to handle periodicity mismatch between C-DRX cycle and XR traffic. A simple solution with less signaling overhead, less specification impact and good forward compatibility is preferred.
· Non-uniform C-DRX cycle pattern
· Uniform non-integer C-DRX cycle
· Semi-static configurations of drx_startoffset to match the traffic periodicity
· Multiple active C-DRX configurations
Enhancements to handle jitter
[bookmark: _Ref110074091]Non-uniform PDCCH monitoring occasions within C-DRX On Duration
Due to jitter, the XR traffic may arrive at gNB early or late. In legacy C-DRX, UE may need to keep monitoring the PDCCH during the jitter range, thus increasing UE power consumption. A possible solution is to let UE monitor PDCCH non-uniformly during C-DRX On Duration before data arrival such that UE can sleep some while and can be scheduled as quickly as possible once XR frame arrives. Once data arrives and gNB sends DCI, the UE switches to continuously PDCCH monitoring to allow timely scheduling. For example, gNB can configure a PDCCH monitoring pattern to let UE monitor PDCCH non-uniformly before data arrival as shown in Figure 1. 
Note that although current specification supports configuring a sparse search space set to save UE power, it has some problems when applied to XR, e.g., frequent search space group (SSSG) switching is needed to balance between scheduling efficiency and UE power, resulting in large signaling overhead. 
[image: ]
[bookmark: _Ref110757425]Figure 1 Illustration of non-uniformly PDCCH monitoring during C-DRX On Duration, where UE only monitors PDCCH in the colored occasions within On Duration before data arrival
Simulation Results:
In the following, we provide the evaluation results for the proposed non-uniform monitoring occasions within C-DRX On Duration, which are summarized in Table 1. The following cases are considered in our simulation:
· Case 1: Always On as in R17 XR
· Case 2: Legacy C-DRX scheme with DRX cycle 10ms
· Case 3: Enhanced C-DRX where we assume periodicity mismatch issue already solved
· Case 4, 5: Proposed scheme, i.e., non-uniform PDCCH monitoring occasions within C-DRX On Duration before data arrival
· Note: Once data arrives and gNB sends DCI, the UE switches to continuously PDCCH monitoring to allow timely scheduling
· Note: we also assume periodicity mismatch issue already solved in Case 4, 5
For all C-DRX schemes in the simulation, the On Duration Timer (ODT) is set to 8ms to cover the jitter range, and Inactivity Timer (IAT) is set to 4ms. Since the ODT is 8ms and each slot is 0.5ms (30 kHz is assumed), a bitmap of 16 bits is used in the proposed scheme to indicate whether or not the UE needs to monitor PDCCH in each slot during ODT. We simulate a high load case, i.e., 11 UEs per cell on average where the capacity is 11.5 UEs/cell. More details are summarized in Appendix A.
Firstly, we consider a monitoring pattern that UE monitors PDCCH for 2 slots out of every 4 slots (Case 4). It is observed that the proposed scheme (Case 4) can achieve 18.5% power saving gain over Always On (Case 1), and can obtain additional 14.52% and 3.52% power gain compared with Case 2 (legacy C-DRX) and Case 3 (enhanced C-DRX with periodicity mismatch issue solved), respectively, with small capacity loss. 
In addition, we consider Case 5 where the UE monitors PDCCH more frequently in the middle of the jitter range. This is motived by the fact that even though the arrival of XR frame has jitter, most jitter value is limited to a small range. For example, in the R17 XR traffic model about jitter, the probability that jitter belongs to [-2ms, 2ms] is larger than 0.7. From Table 1, it is observed that the proposed scheme (Case 5) can obtain 20.26% power saving gain over Always On (Case 1), and can obtain additional 1.76% power saving gain compared with Case 4. Generally, gNB can configure the specific monitoring occasions based on the statistic information of jitter to obtain better performance.  
[bookmark: _Ref111210246]Proposal 2: To handle jitter issue, support that gNB can configure PDCCH monitoring occasions flexibly (e.g., through bitmap) within C-DRX On Duration.

[bookmark: _Ref110776300]Table 1 Simulation results of the non-uniform PDCCH monitoring occasions within C-DRX On Duration (High Load Case, 11 UEs per cell on average where the capacity is 11.5 UEs/cell)
	Case
	Monitoring pattern within C-DRX On Duration
(‘1’ denotes monitoring, ‘0’ denotes sleeping)
	Satisfied UE Ratio
	Power Saving Gain

	1
	Always On
	93.42%
	-

	2
	Legacy C-DRX (DRX cycle=10, ODT=8, IAT= 4)
	91.34%
	3.98%

	3
	[1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1,   1, 1, 1, 1]
	90.30%
	14.98%

	4
	[0, 0, 1, 1,   0, 0, 1, 1,   0, 0, 1, 1,   0, 0, 1, 1]
	87.71%
	18.50%

	5
	[0, 0, 0, 0,   1, 1, 0, 1,   1, 0, 1, 0,   1, 0, 1, 1]
	84.85%
	20.26%

	Note: Case 3, 4, 5 assumes periodicity mismatch issue already solved.



Adjustment of DRX On Duration or Active Time based on data reception
When a XR frame arrives early, the transmission of the XR frame may finish before the end of OnDuration. No matter the legacy C-DRX mechanism is used, or the non-uniform PDCCH monitoring occasions proposed in Section 2.2.1 is used, there are still some PDCCH monitoring occasions that are unnecessarily monitored by the UE. 
An example is shown in Figure 2. Let’s assume XR frame arrives at T0 and finishes transmission at T1. Theoretically, the UE can save power by skipping PDCCH monitoring after T1 since there will be no more frame arrival within this C-DRX cycle. One potential method to achieve this is to stop monitoring PDCCH based on timer expiration. For example, current InactivityTimer is used to represent the potential arrival of future data, i.e., when a new scheduling is received, InactivityTimer is (re-)started, and the length of the timer should be configured to cover the time gap between two adjacent PDSCHs of the same XR frame. Therefore, the expiration of the timer means the transmission of the XR frame is finished and the UE can stop monitoring PDCCH.
[bookmark: _Ref111210248]Proposal 3: To avoid unnecessary PDCCH monitoring after XR frame transmission finish, support stopping PDCCH monitoring in a DRX cycle based on the expiration of InactivityTimer.

[image: ]
[bookmark: _Ref109205632]Figure 2. Example to stop PDCCH monitoring in a DRX cycle after XR frame transmission finish
[bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK73]UL retransmission handling in C-DRX
For UL transmission, when the gNB fails to decode an UL transport block, the UE will be scheduled for retransmission. Being awake all the time until receiving the retransmission grant is not power efficient. To save power, C-DRX introduced two timers, i.e., drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL. The drx-HARQ-RTT-TimerUL specifies how long the UE can expect a grant for UL retransmission after the initial transmission. The drx-RetransmissionTimerUL specifies the maximum number of slots for which the UE should be monitoring PDCCH when a grant for UL retransmission is expected by the UE. 
As show in Figure 3, the UE should start the timer drx-HARQ-RTT-TimerUL in the first symbol after transmitting PUSCH. Once drx-HARQ-RTT-TimerUL timer is expired, the UE starts drx-RetransmissionTimerUL timer in the next symbol and becomes active when the timer is running. As soon as UE detects an UL transmission for the corresponding HARQ process, drx-RetransmissionTimerUL is stopped. 
[image: ]
[bookmark: _Ref110531665]Figure 3. Delay the potential UL retransmission to the next C-DRX on duration
Since the UE needs to monitor PDCCH for potential retransmission during the drx-RetransmissionTimerUL even during DRX off period, large UE power consumption is expected. Since UL frame has a large PDB (30ms), it’s possible that the gNB can delay the potential retransmission of UL frame to the next C-DRX on duration while still satisfy the PDB requirement. By doing this, the UE does not need to wake up to monitor PDCCH for potential UL retransmission during drx-retransmissionTimerUL and thus saving power. 
[bookmark: _Ref111041790]Proposal 4: Further study C-DRX enhancements to save power considering UL retransmission handling, e.g., delay retransmission of UL frame to next C-DRX on duration when PDB can be satisfied.
Others 
For medium priority issue 1-3: C-DRX enhancements for multiple XR traffic flows: As identified in RAN1 Rel-17 study, there can be multiple data streams with different traffic characteristics and QoS requirements in both DL and UL for a given XR application, for example, I-frame and P-frame, FOV stream and omnidirectional stream, video/depth and pose/control, video stream and audio stream [1]. Similar to single-flow case, the non-integer periodicity issue and the jitter issue may also exist for multiple flows. For these issues, we can focus on handling the power saving issues for single-flow case, and assume the enhancements can also apply for multiple flows. For multiple XR traffic flows with different traffic periodicities, e.g., video/depth and pose/control, the UE may need to wake up frequently to receive the data traffic. This issue may be addressed by reasonable gNB scheduling, e.g., multiplexing in the same TB or using adjacent slots. 
For low priority issue 1-4: C-DRX enhancements to adjust to variable burst sizes and frame rate, we think the adjustment for variable burst sizes can be realized by existing mechanisms or our proposed schemes in above sections. For example, if DRX on duration is too short in case of large burst size, the DRX inactive timer can take effects to extend the DRX active time. If DRX on duration is too long in case of small burst size, the proposed scheme in Section 2.2.2 can be used. 
For low priority issue 1-5: low latency handling, generally, there might be some trade-off between power consumption and latency handling. Higher power saving gain will typically result in poorer latency/capacity performance. If the non-integer periodicity issue and the jitter issue discussed above are addressed, then it has already considered the latency requirements. For example, if there is no latency requirement for XR service or if such requirement is very loose, there seems no need to address non-integer periodicity and jitter issue, since the XR UE can always wait a while for scheduling, like eMBB traffic.
For low priority issue 1-6: SFN wraparound mismatch, since SFN and subframe number have the range of 0~1023 frames and 0~9 subframes respectively, reference time of [(SFN × 10) + subframe number] for determining the start subframe of DRX on duration is repeated every 10,240ms. If the DRX cycle cannot be divided by 10240, there will be SFN wraparound mismatch. Similar issue also exists in CG, which has been discussed NR IIOT and the solution has been agreed during RAN2#107b in R2-1916527 [5] (copied below).  
	Below is copied from R2-1916527 [5]
SFN misalignment issue with periodicities which are non-divisor of 10240 ms
So far, all the periodicities which were used for CG/SPS in both LTE and NR were integer divisors of system hyper-frame, i.e. 10240 ms. With periodicities which are non-integer divisor of 10240 ms, an issue arises for CG Type 1 and Type 2 that there might be an ambiguity for different hyper frames on which is the CG occasion UE should transmit on depending on the N value taken for the calculation. For SPS the issue does not exist, since it is already specified that N is sequential, i.e. is incremented for each used occasion of SPS. This problem was previously raised in the e-mail discussion on TSC scheduling enhancements and is followed up in [R2-1914779, Huawei], [R2-1916231, Sequans], [R2-1915335, Samsung] and [R2-1915693, Nokia]. In the last three contributions, the solution to this issue is also proposed that the formulas for CG occasion determination should be corrected to consider N sequentially, as for SPS, e.g. following [R2-1915335, Samsung]:
[image: ]



The same solution for CG may also be applied to solve the SFN wraparound mismatch for DRX. To save workload, this issue can be handled by RAN2, since they have already discussed this before and they are familiar with this. RAN1 does not need to discuss it again from zero ground.
[bookmark: _Ref111041791]Proposal 5: Handle the SFN wraparound mismatch for C-DRX in RAN2 since RAN2 already discussed and solved this issue for CG and same solution is expected.
PDCCH monitoring enhancements
In RAN1#109-e [3], the following agreement on PDCCH monitoring enhancements was achieved. Several issues have been identified when considering PDCCH monitoring for XR power saving. In this section, we will discuss these issues and provide solutions to handle them.
	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
· Low priority Issue 2-1: Alignment between PDCCH monitoring and XR traffic to resolve the mismatch between PDCCH monitoring periodicity and XR traffic periodicity. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-1 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-1 and those proposed for Issue 1-1 are motivated by the same issue, namely non-integer XR traffic periodicity. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-1; (b) solutions proposed for Issue 2-1.
· Low priority Issue 2-2: XR-dedicated PDCCH monitoring window to supplement CDRX for multi-flow traffic. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-2 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-2 and those proposed for Issue 1-3 are motivated by the same issue, namely multiple XR traffic flows. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-3; (b) solutions proposed for Issue 2-2.
· 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
Note 1: Other considerations are not precluded
Note 2: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group. 



[bookmark: _Hlk110523753]Enhancements to Rel-17 PDCCH monitoring adaptation
Enhancements on PDCCH skipping durations for maximizing UE sleep duration
Due to the variable frame size and jitter, the idle time between the completion of an XR frame and the arrival of the next frame is wildly ranged. To show this, let’s denote   as the time that i-th frame has been successfully delivered, and denote   as the earliest possible arrival (i.e. the left boundary of the jitter range) of i-th frame. Then, let’s further define the idle time  as 
  - .
Figure 4 gives an illustration of . A statistical analysis of the value  is given in Figure 5, where a high load case in Dense Urban MU-MIMO scenario is considered with SCS = 30 KHz and 60 FPS, and other simulation assumption is given in Appendix A. It is observed that the is ranged from 4 slots to 29 slots. 
[image: ]
[bookmark: _Ref110273674]Figure 4 Illustration of time interval 
[image: ]
[bookmark: _Ref109754282]Figure 5 The CDF curve of the time interval  in Dense Urban MU-MIMO case with 11 UEs per cell (high load case, capacity=11.5 UEs/cell)
In legacy PDCCH skipping, gNB can configure at most three skipping durations. Since the idle time  has a wide range, e.g., range from 4 slots to 29 slots as shown in Figure 5, three skipping durations as in legacy PDCCH skipping is not enough, and simply adding more values still cannot solve the issue completely and may cause extra signaling overhead.
Therefore, a flexible and adaptive PDCCH skipping duration can be further studied. For example, if gNB/UE knows the periodicity of XR frame, a reference time to indicate when the XR service arrives, and the possible jitter range, then the gNB/UE can know the earliest possible arrival of each frame . After completing the transmission of a frame, gNB can send an indication of PDCCH skipping. Upon receiving such indication, the UE stops PDCCH monitoring until the earliest possible arrival of each frame . For example, as shown in Figure 6, after finishing the delivery of Frame 0, the gNB can indicate the UE to stop PDCCH monitoring from   until the earliest possible arrival of Frame 1, i.e., . 
[image: ]
[bookmark: _Ref109760882]Figure 6 Illustration of the flexible duration of PDCCH skipping
Simulation Results:
In the following, we provide some evaluation results for the proposed scheme.
Besides the always-on scheme, legacy PDCCH skipping schemes with three configured durations, D1 slots, D2 slots, D3 slots are also considered. After completion of each frame, gNB first computes  and sends the indication of PDCCH skipping according to the following principle,
1. not skip, if  slots,
2. skip D1 slots, if  slots,
3. skip D2 slots, if  slots,
4. skip D3 slots, if .
Here, we consider two configurations of legacy PDCCH skipping. One is (D1=5, D2=10, D3=15), which is uniformly selected. Another one is (D1=4, D2=16, D3=29), which are the minimum value, the median value and the maximum value in Figure 5, respectively. Table 2 shows the comparison between the proposed PDCCH skipping with adaptive duration and the legacy PDCCH skipping in Dense Urban MU-MIMO scenario, in high load case (11 UEs per cell on average, capacity=11.5 UEs/cell). The detailed simulation assumption is given in Appendix A. It is seen that the proposed PDCCH skipping with adaptive duration can obtain 18.35% power saving gain over always on, and can achieve additional 6.23~7.2% power saving gain compared with legacy PDCCH skipping. 
[bookmark: _Ref111217364]Proposal 6: To avoid unnecessary PDCCH monitoring after XR frame transmission finishes, support adaptive PDCCH skipping duration, which is determined by the gap between indication reception time and earliest possible arrival time of next frame.

[bookmark: _Ref109757702]Table 2 Simulation results of the PDCCH skipping with adaptive duration
	Scheme
	High Load (11UEs per cell on average)

	
	Satisfied UE Ratio
	Power Saving Gain

	Always On
	93.42%
	-

	Legacy PDCCH Skipping (D1=5, D2=10, D3=15)
	93.42%
	12.12%

	Legacy PDCCH Skipping (D1=4, D2=16, D3=29)
	93.42%
	11.15%

	PDCCH skipping with adaptive duration
	93.42%
	18.35%



Implicitly indication of SSSG switching based on C-DRX timer
PDCCH skipping and SSSG switching can be candidate techniques to save UE power for XR traffic. Based on the discussion in section 3.1.1, PDCCH skipping can achieve significant power saving gain for XR traffic.  For SSSG switching, the search space sets in a BWP can be grouped into 2 or 3 groups and UE monitors PDCCH according to search space sets in one of SSSGs. PDCCH monitoring parameters, e.g., PDCCH monitoring periodicity, are configured per search space set, hence the periodicity of PDCCH monitoring can be changed along with the SSSG switching. The power saving gain is achieved by monitoring PDCCH with larger periodicity. 
Considering the jitter of XR frame, both PDCCH skipping and SSSG switching can be configured simultaneously to further reduce the UE power consumption. According to current specification, there are totally 2 bits to indicate PDCCH skipping and SSSG switching, e.g., “00” and “01” can be used to indicate SSSG switching, “10” and “11” can be used to indicate PDCCH skipping for two different durations. However, due to the jitter and non-integer periodicity of XR traffic, more PDCCH skipping durations are needed. If all the 2 bits are used to indicate PDCCH skipping for different durations, SSSG switching cannot work. UE should always stay in one SSSG. If UE always monitors PDCCH sparsely, additional latency will be introduced. And if UE always monitors PDCCH densely, some power consumption will be wasted considering the jitter of XR frame. Both of them are undesirable. 
   [image: ]
[bookmark: _Ref109758175][bookmark: _Ref110085674][bookmark: _Ref111017819]Figure 7 Illustration on enhanced SSSG switching by implicitly indication
[bookmark: _Ref111041768]Observation 1: If all the 2 bits are used to indicate PDCCH skipping, SSSG switching cannot work. UE always monitors PDCCH sparsely or always monitors PDCCH densely is undesirable.
Due to jitter of XR frame, before the actual arrival of a XR frame, power consumption is wasted if UE monitors PDCCH densely. Hence, it is preferable that UE monitors PDCCH sparsely at the beginning of each On-duration, i.e., UE switches to a SSSG in which monitoring PDCCH sparsely at the beginning of each On-duration. When the traffic arrivals, UE receives a scheduling DCI and triggers DRX inactivity timer, the UE switches to a SSSG in which monitoring PDCCH densely. Figure 7 shows the SSSG switching by implicitly indication.
[bookmark: _Ref111041792]Proposal 7: At the beginning of each On-duration, UE switches to a SSSG in which UE monitors PDCCH sparsely. When the inactivity timer starts, UE switches to a SSSG in which UE monitors PDCCH densely.
Others 
For low priority issue 2-1: the mismatch between PDCCH monitoring periodicity and XR traffic periodicity, which is caused by the same issue, namely non-integer XR traffic periodicity, for C-DRX as in Section 2.1. Both C-DRX and PDCCH monitoring (search space configuration) mechanisms allow UE to periodically monitor PDCCH for some time, which is realized by configuring a cycle/periodicity, an offset, and an ON duration. The same solution for C-DRX enhancements may also apply to PDCCH monitoring. They can have a uniformed design. 
For low priority Issue 2-2: XR-dedicated PDCCH monitoring window to supplement C-DRX for multi-flow traffic, the details of this solution are not clear.
Others
Correlation between the jitters of adjacent XR frames
According to TR 38.838, the jitter is modeled as a random variable following truncated Gaussian distribution, where the jitter of one XR frame is independent with another XR frame. However, according to our observation of XR traffics (including real-time video and cloud gaming) in real deployment, there is some correlation between the jitters of adjacent XR frames. More details can be found in our companion paper [7]. Based on such correlation, the jitter of a XR frame may be somehow ‘predictable’, thus being useful to further reduce UE power consumption. 
[bookmark: _Ref111041771]Observation 2: According to the data in real deployment, there is correlation between the jitters of adjacent XR frames, which can be used to further reduce UE power consumption.
Conclusions
In this contribution, we provide our views on XR-specific power saving. C-DRX enhancements should be studied to address the periodicity mismatch and jitter issues of XR traffic. UL retransmission handling can also be considered for C-DRX enhancement to further save power. Furthermore, the Rel-17 PDCCH monitoring adaptation enhancements are also discussed to improve XR power saving, e.g., enhancements on PDCCH skipping durations and SSSG switching. In summary, we have the following observations and proposals: 
Observation 1: If all the 2 bits are used to indicate PDCCH skipping, SSSG switching cannot work.
Observation 2: According to the data in real deployment, there is correlation between the jitters of adjacent XR frames, which can be used to further reduce UE power consumption.
Proposal 1: Further study the following C-DRX enhancements to handle periodicity mismatch between C-DRX cycle and XR traffic. A simple solution with less signaling overhead, less specification impact and good forward compatibility is preferred.
· Non-uniform C-DRX cycle pattern
· Uniform non-integer C-DRX cycle
· Semi-static configurations of drx_startoffset to match the traffic periodicity
· Multiple active C-DRX configurations
Proposal 2: To handle jitter issue, support that gNB can configure PDCCH monitoring occasions flexibly (e.g., through bitmap) within C-DRX On Duration.
Proposal 3: To avoid unnecessary PDCCH monitoring after XR frame transmission finish, support stopping PDCCH monitoring in a DRX cycle based on the expiration of InactivityTimer.
Proposal 4: Further study C-DRX enhancements to save power considering UL retransmission handling, e.g., delay retransmission of UL frame to next C-DRX on duration when PDB can be satisfied.
Proposal 5: Handle the SFN wraparound mismatch for C-DRX in RAN2 since RAN2 already discussed and solved this issue for CG and same solution is expected.
Proposal 6: To avoid unnecessary PDCCH monitoring after XR frame transmission finishes, support adaptive PDCCH skipping duration, which is determined by the gap between indication reception time and earliest possible arrival time of next frame.
Proposal 7: At the beginning of each On-duration, UE switches to a SSSG in which UE monitors PDCCH sparsely. When the inactivity timer starts, UE switches to a SSSG in which UE monitors PDCCH densely.
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Appendix A: System Simulation Parameters
Table A-1. System level simulation assumption for FR1
	Parameter
	Value

	Scenario
	Dense Urban

	Layout
	21cells with wraparound

	Channel Model
	UMa

	Carrier frequency
	4.0 GHz

	Bandwidth
	100 MHz

	Subcarrier spacing
	30 KHz

	Frame structure
	[DDDSU DDDSU] Detailed S slot format is 10D:2F:2U.

	Inter Site Distance
	200m

	BS Antenna Height
	25m

	BS Antennas
	Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)

	CSI-RS Port
	32

	UE Antenna Height
	General equation:  hUT=3(nfl – 1) + 1.5
·  nfl  for outdoor UEs: 1
· nfl for indoor UEs: nfl ~ uniform(1, Nfl ) where Nfl ~ uniform(4,8)

	UE Antennas
	Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	BS antenna pattern
	3-sector antenna radiation pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	TX Power
	BS : 44 dBm per 20MHz

	UE MAX Power
	23dBm

	Noise Figure
	BS:5 dB, UE:9 dB

	Scheduler
	MU-MIMO Proportional Fair

	MCS
	Up to 256QAM

	UE distribution
	80% indoor, 20% outdoor

	UE speed
	3 km/h

	Channel Estimation
	Realistic

	Downtilt
	12 degree

	CSI acquisition
	CSI-RS: Period=5ms, Density=1, feedback delay=1ms, 4bit quantization, and modelling the error
SRS: Period=5ms

	Transmission scheme
	Close loop rank adaptation

	PHY processing delay
	UE PDSCH processing Capability #1

	PDCCH overhead
	2 symbols

	Target BLER
	10%

	Max HARQ transmission
	4


Note 1: For frame structure, U symbol of S slot is not used for uplink transmission.
Note 2: The power model for FR1 in TS 38.840 is adopted.
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After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequantially
that the N™ uplink grant recurs occurs associated with eachin the symbol for which:

[(SEN x numberOfSlotsPerFrame x numberOfSymbolsPerSlot) + (slot number in the frame x
numberQfSymbolsPerSlot) + symbol number in the slot] =
[(SFNtart time * nuumberOfSlotsPerFrame x numberOfSymbolsPerSlot + slotsa time X numberOfSymbolsPerSlot +
Symbolsartime) + N X periodicity] modulo (1024 x numberOfSlotsPerFrame x numberOfSymbolsPerSlot)-toralt
N==0.

where SFNart times SlOtstart time, and symbolr ime are the SFN, slot, and symbol, respectively, of the first
transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
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