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1. [bookmark: _Ref87036880]Introduction
	The Re1-18 SI titled “Study on XR Enhancements for NR” was approved in RAN#94-e meeting [1]. The study is mainly on the techniques for enhancements for XR from RAN1 perspective. The SI objectives are copied below for reference from the latest version of the SID [2].
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI

The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



2. Discussion
	In this contribution, we present our views on the potential enhancements of power saving techniques for XR.

2.1. Characteristics of XR traffic relevant for XR-specific PS enhancements
	In this section, we briefly discuss the XR traffic characteristics that are relevant for XR-specific power saving enhancements. As captured in the SID objectives, the following service characteristics needs to be taken into account for XR-specific PS enhancements.
· Periodicity (non-integer)
· Jitter
· Latency
· Reliability
· Multiple flows
The first four are considered as generic XR traffic characteristics that apply to a single stream/flow as well as to each of the streams if an XR service consists of multiple streams/flows. For the fifth, the evaluation of the multiple flows has been optional in the Rel-18 XR SI [3], but we agree that the multiple flows are very XR-specific and should be taken into account for XR-specific enhancements for both power saving and capacity. 
	Meanwhile, we think the high throughput and capacity required for typical XR services should also be taken into account for XR-specific enhancements. For most of the pre-Rel-18 PS techniques, sacrifice has been unavoidable to a great extent from this aspect, but not sacrificing that much is one of major goals for XR-specific power saving as we understand it. 

Observation 1: High throughput and capacity should also be taken into account for XR-specific PS enhancements.

2.2. Pre-Rel-18 NR PS techniques
	Agreement (RAN1#109-e)
Companies are encouraged to compare performance of the following Rel-15/16/17 features with the proposed enhancements for Rel-18 XR power saving evaluations. Power saving gain is calculated w.r.t. the AlwaysOn baseline. 
· Rel-15/16 CDRX including long DRX cycle, short DRX cycle and DRX command MAC CE and DCP
· Rel-17 PDCCH adaptation including PDCCH skipping and SSSG switching
Note: up to companies to report the configuration of the Rel-15/16/17 features



	As agreed in RAN1#109-e, Rel-15/16 CDRX and Rel-17 PDCCH monitoring adaptation are the main features to be evaluated for comparing performance with the proposed enhancements for Rel-18 XR power saving. In this section, including these features, we briefly summarize the NR PS techniques that have been developed up to and including Rel-17 NR PS techniques. The following techniques can be a starting point for XR-specific power saving discussion. 
· DRX
A UE configured with DRX monitors PDCCH intermittently. In idle mode DRX, a UE periodically wakes up to monitor paging PDCCH and goes back to sleep if paging message is not intended for the UE. In connected mode DRX (CDRX), a UE monitors PDCCH only in DRX Active Time. A UE enters DRX Active Time by starting drx-onDurationTimer periodically and goes back to sleep when it expires. A UE can save the power consumption by turning off the RF chains and going to sleep not to monitor PDCCH. Outside DRX Active Time, a UE sleeps and monitors DCI format 2_6 with CRC scrambled by PS-RNTI only at occasions located at a configured offset before the start of DRX OnDuration. Wake-up signal (WUS) tells a UE whether or not to start drx-onDurationTimer for the next DRX cycle. 
· Cross-slot scheduling
Cross-slot scheduling means that a PDCCH received by a UE and the PDSCH/PUSCH scheduled by the PDCCH can be in different slots. In Rel-15, multiple K0 (K2) are configured by RRC, and a UE can know which value is used for scheduling by decoding a DCI. If RRC configured K0 (K2) values are greater than 0, a PDSCH/PUSCH is always cross-slot scheduled for the UE. In Rel-16, the minimum scheduling offset restriction K0min (K2min) is introduced. Consequently, a UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH (PUSCH) with K0 (K2) smaller than the minimum scheduling offset restriction K0min (K2min). A UE can decrease power consumption by fast decoding and sleep during at least K0min (K2min) slots, or relaxed PDCCH decoding over K0min (K2min) slots.
· Max MIMO layer adaptation (by BWP switching)
In Rel-15, the maximum number of DL MIMO layers is configured per serving cell which is common to all the DL BWPs of the serving cell. In Rel-16, the maximum number of DL MIMO layers can be separately configured for each DL BWP. The maximum number of DL MIMO layers can be changed by BWP switching. A UE can reduce power consumption by adaptation to less number of Rx antenna at UE side.
· SCell dormancy indication
SCell can be transitioned to a ‘dormant’ state where a UE does not monitor a PDCCH. In Rel-15, gNB can transition SCell to a dormant state by MAC signaling. In Rel-16, the dormancy behavior can be implemented at BWP level. DCI format 2_6 outside DRX Active Time conveys SCell dormancy indication and scheduling DCI (i.e. DCI format 0_1 and 1_1) conveys SCell dormancy indication inside DRX Active Time. 
· PDCCH monitoring adaptation for connected mode
In Rel-17, PDCCH monitoring adaptation during DRX Active Time for an active BWP was specified. One of the motivation is reducing PDCCH monitoring of a UE by DCI indication. It was agreed that SS set group (SSSG) switching and PDCCH skipping are introduced. Scheduling DCI carries PDCCH monitoring adaptation indication field of at most 2 bits. 
Rel-17 SSSG switching for power saving is an enhancement of Rel-16 SSSG switching introduced for NR operation with shared spectrum channel access (i.e. NR-U). A UE can be provided a group index for SS sets for PDCCH monitoring and a timer value. At most three groups per BWP can be configured. Each of SSSG may be configured with different monitoring periodicities, for example, a SSSG for dense monitoring and another SSSG for sparse monitoring. UE’s PDCCH monitoring can be adapted by switching SSSGs.
PDCCH monitoring skipping means a UE stops monitoring PDCCH and sleeps for an indicated time duration. In this way, a gNB can indicate that the UE may not monitor PDCCH for the indicated time duration during which no data traffic will be scheduled for the UE. 

2.3. CDRX enhancements
	Agreement (RAN1#109-e)
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.



	Based on Rel-17 XR study, XR DL traffic is modelled as a sequence of video frames arriving at gNB according to the considered video frame rates and random jitter. The size of each frame is also random according to a certain distribution. 
[image: ]
[bookmark: _Ref82963192]Figure 1: Single stream DL traffic model
In this model, the packet arrival rate is determined by the frame generation rate, e.g., 60fps. Accordingly, the average packet arrival periodicity is given by the inverse of the frame rate, e.g., 16.6667ms = 1/60fps.
	As the traffic is periodic, CDRX may be configured for UE power saving. But, with the current CDRX mechanism from which the cycle can only be configured with some integer values, there would be increasing discrepancy between the timing of the gNB being ready to transmit the IP packets corresponding to a frame and the time at which the drx-onDurationTimer starts. This increasing gap would cause frequent reconfigurations of the CDRX and/or increase the overall latency. 

Observation 2: Upon use for XR service, current CDRX mechanism would cause frequent reconfigurations of the CDRX and/or increase the overall latency.

	In a previous RAN1 meeting, several issues on CDRX enhancements and PDCCH monitoring enhancements for UE power saving were discussed and a list of candidate methods was captured in FL summary [4]. This can be a starting point of our discussion on potential enhancements. 
	Issue 1-1 is regarding alignment between CDRX and XR traffic. To support non-integer periodicity of XR traffic, adjustment of the DRX OnDuration start time is a relevant technique that can be pursued toward this aspect. For example, using a predefined pattern of offsets or DRX cycles which is semi-statically configured by network can be considered. Moreover, dynamic adjustment using L1/L2 signalling can be considered as a candidate solution and it would be beneficial not only for non-integer periodicity problem but also for jitter handling. However, despite the benefits from dynamic indication method, it may cause mismatch on DRX OnDuration start time between a UE and gNB when the UE misses L1/L2 signalling. Thus, how to prevent or handle the L1/L2 signalling missing case shall be considered when discussing the dynamic signalling based CDRX adjustment techniques. 

Proposal 1: For resolving the mismatch between CDRX cycle and XR traffic periodicity, consider supporting a semi-statically configured pattern of offsets or DRX cycles.

Proposal 2: For the study of dynamic signaling that indicates adjustment of CDRX start offset, consider potential ambiguity issue between the network and UE caused by missing the dynamic signaling

	On top of the periodic nature of the XR traffic arrival time, in a real system, there is a jitter in the arrival time for the packets arriving at the gNB. The jitter mainly comes from the varying frame encoding delay and network transfer time. In [3], distribution of the jitter was modelled as truncated Gaussian with the following statistical parameters.
[bookmark: _Ref82966331]Table 1: Statistical parameters for jitter
	Parameter
	unit
	Baseline value for evaluation
	Optional value for evaluation

	Mean
	ms
	0
	

	STD
	ms
	2
	

	Truncation range
	ms
	[-4, 4]
	[-5, 5]



	Issue 1-2 is regarding CDRX enhancements to handle jitter. Moving around the DRX OnDuration or Active Time per se cannot handle the jitter efficiently if it is a reasonable assumption that gNB cannot predict the jitter. Instead, a simple approach to cope with the jitter problem would be to extend OnDuration time or the Active Time. To minimize the additional power consumption with this approach, the extension may need to be conditioned on the event. For example one possible way to implement the OnDuration time extension is to trigger additional DRX OnDuration when the UE does not receive any data during the periodic DRX OnDuration, or the UE receives a triggering indication. If it is not triggered, UE can ignore and skip additional OnDuration to avoid unnecessary power consumption. On the contrary, method that configure non-uniform PDCCH monitoring occasions within On Duration requires extended OnDuration to cope with jitter problem. Instead of reducing DRX OnDuration length, SSSG switching can be used for adaptive PDCCH monitoring behaviour. However current SSSG switching requires application delay which is not preferable from latency point of view. Thus enhancements of the PDCCH monitoring adaptation methods shall be studied for XR service.
	Joint operation with WUS can also be considered for jitter handling. WUS currently has a very limited functionality. One could imagine that if the WUS could indicate PDCCH skipping or SSSG switching for some time at the beginning of the DRX OnDuration, it would be beneficial for UE power saving to some extent. Or if the WUS could indicate e.g., delayed/early start of the DRX OnDuration, ideally that would also be helpful for UE power saving.

Proposal 3: To handle jitter, consider the method that triggers additional DRX OnDuration when the UE does not receive any data during the periodic DRX OnDuration, or the UE receives a triggering indication.

Proposal 4: To handle jitter, study enhancements on PDCCH monitoring adaptation methods from both power and latency perspective.

Proposal 5: To handle jitter, study enhancements to WUS for joint operation with CDRX for XR-specific power saving.

	XR traffic is characterized by high throughput in a short time occurring periodically. So, CA is relevant for XR service. Another potential enhancements coming from this aspect would be to the secondary DRX in the XR context. Currently, the start of second DRX OnDuration is synchronized to that of the base DRX, but just ends earlier to reduce power consumption from the carriers belonging to the second DRX group. Now if we adjust/extend the DRX OnDuration or the Active Time that would also affect the second DRX. Hence similar approaches that we would make to the base DRX would eventually need to apply to the second DRX.

Proposal 6: Study enhancements to the secondary DRX group taking into account the XR traffic characteristics such as non-integer periodicity and jitter.

	Lastly, before delving into details of new potential enhancements, we need to discuss if and how the current CDRX mechanism (long DRX with additional and optional short DRX) can be reused for UE power saving for XR services. Can the long DRX alone be the baseline DRX scheme based on which we build up enhancements for XR? Or should the optional short DRX be the baseline DRX scheme for XR services? Or, is the optional short DRX conditioned on the long DRX still useful for XR services? Trying to answer those questions related to the current CDRX mechanism for use in XR would also help clarify the baseline CDRX schemes upon which the proposed potential enhancement techniques are based.

Observation 3: Discussion on the baseline CDRX scheme that can serve as the baseline for potential enhancements would be useful.

1. 
2. 
2.1. 
2.2. 
2.3. 
2.4. PDCCH monitoring enhancements
	Agreement (RAN1#109-e)
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. 



	In RAN1#109-e, various enhancements were proposed for PDCCH monitoring enhancement and merged into three issues. Issue 2-1 is regarding alignment between PDCCH monitoring periodicity and XR traffic periodicity. Some proposed enhancements under issue 2-1 seem worth discussing. For example, adjustment of start offset/duration/periodicity of PDCCH monitoring can be implemented by WUS. However, a similar enhancement e.g. dynamic signaling indicated adjustment of CDRX start offset/duration is also being discussed under CDRX enhancement. A UE being configured with CDRX monitors PDCCH only in DRX Active Time, and alignment between CDRX and XR traffic is being discussed under Issue 1-1. Thus, Issue 2-1, i.e. alignment between PDCCH monitoring and XR traffic, may overlap with Issue 1-1. 

Observation 4: Discussion on alignment between PDCCH monitoring and XR traffic may overlap with alignment between CDRX and XR traffic.

	We can consider a UE not being configured with the CDRX for XR. In this case, the PDCCH monitoring enhancements should be made in such a way that the UE’s PDCCH monitoring and skipping behavior mimics the DRX functionality. For example, after a UE monitors PDCCH for XR packet reception and then successfully receives the XR packet, the UE can sleep as if it is outside DRX Active Time by being indicated to skip PDCCH monitoring until next XR packet reception. The indication can be carried by a scheduling DCI for XR packet or some other DCI format. Furthermore, if gNB plans to transmit other packets than the XR packets, the UE is not indicated to stop monitoring all PDCCHs, but may be indicate to switch SSSG for monitoring PDCCH with low power. In this way, we can consider enhancements on PDCCH monitoring adaptation in connected mode to mimic the CDRX function for a UE not being configured with the CDRX. 

Observation 5: Rel-17 PDCCH monitoring adaptation in connected mode can also be applied to the UE not being configured with the CDRX, with enhancements if necessary.

Proposal 7: Consider enhancements on PDCCH monitoring adaptation in connected mode to mimic the CDRX function for a UE not being configured with the CDRX.

	Issue 2-2 is regarding XR-dedicated PDCCH monitoring window. We doubt XR dedicated PDCCH monitoring window should be introduced. Window based PDCCH monitoring can be implemented by PDCCH skipping. If we want UE to be limited to monitor PDCCH only during the window, it can be achieved by mechanism of Rel-17 PDCCH skipping that UE can be limited not to monitor PDCCH during skipping duration.

Observation 6: XR-dedicated PDCCH monitoring window can be implemented by Rel-17 PDCCH skipping.

	Issue 2-3 is regarding enhancements to Rel-17 PDCCH monitoring adaptation. Taking into account the jitter explained in Section 2.3, drx-onDurationTimer may be configured long enough in order not to miss the XR packet. In this case, PDCCH monitoring adaptation indication can be used to adapt UE’s PDCCH monitoring before and/or after receiving XR packet. As briefly mentioned in Section 2.3, WUS outside DRX Active Time as well as the DCI inside DRX Active Time can be a good candidate for indicating the PDCCH monitoring adaptation. As DCI format 2_6 does not convey PDCCH monitoring adaptation indication field, we can consider introducing monitoring adaptation indication field into DCI format 2_6 or allowing PDCCH monitoring outside DRX Active Time for scheduling DCI conveying monitoring adaptation indication. In order not to violate DRX functionality, we can introduce new DCI format and new RNTI which can be monitored outside DRX Active Time and carries XR-specific PDCCH monitoring adaptation field.

Proposal 8: Consider WUS outside DRX Active Time as well as the DCI inside DRX Active Time as a candidate for indicating the PDCCH monitoring adaptation.

[bookmark: _GoBack]SPS enhancements for XR can be another good candidate for UE power saving. SPS can be configured independently of CDRX. For some use cases with the UE power saving being one of the most important KPIs, receiving XR packets only in the SPS occasions overlapping with DRX OnDuration or Active Time can be considered. Further UE power saving can be achieved if a UE does not monitor PDCCH in the SPS occasions overlapping with the DRX OnDuration or Active Time when the UE does not need to be dynamically scheduled by a DCI for XR packets.

Proposal 9: Consider SPS enhancement within DRX Active Time for XR UE power saving.

As mentioned in Section 2.2, periodicity and jitter are two important XR traffic characteristics to be considered for XR-specific power saving. In addition to that, latency should also be taken into account to meet the XR service requirement with the power saving techniques ON. The latency requirement of XR traffic in RAN side is modelled as packet delay budget (PDB), where the PDB is a limited time budget for a packet to be transmitted over the air from a gNB to a UE. It means that within the PDB the XR packet must be successfully delivered to the UE via the air interface. As there is no need to further monitor PDCCH for the packets that would violate the PDB requirement, the information on PDB margin or remaining PDB would be useful for UE power saving if it is available to a scheduler and/or to a UE. Therefore, for PDCCH monitoring adaptation indication, we should consider periodicity and jitter distribution of the XR traffic arrival time, and PDB margin. 

Proposal 10: For enhancements on PDCCH monitoring adaptation in connected mode, consider PDB margin as well as periodicity and jitter distribution of the XR traffic arrival time. 

2.5. Other enhancements
	Agreement (RAN1#109-e)
For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.
· Issue 3-1: Misaligned UE transmission and reception. 
· Issue 3-2: Power saving by XR-aware scheduling.
· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study
· Issue 3-3: Unnecessary data transmission in allocated resources. 
Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study
Note 2: Other considerations are not precluded



	Other enhancements for power saving were summarized in RAN1#109-e. Among three issues, Issue 3-2 is worth considering for XR power saving. For example, XR specific higher layer information such as XR traffic pattern information and/or XR traffic size information can be helpful for configuring the periodicity and start time of CDRX and/or indicating PDCCH monitoring adaptation. It would be beneficial to configure CDRX and/or indicate PDCCH monitoring adaptation with awareness of XR specific higher layer information for UE power saving in RAN1 perspective. Furthermore, information on remaining PDB or PDB margin would also be useful for XR-specific power saving enhancements.

Observation 7: XR specific higher layer information such as information on traffic pattern, traffic size, and PDB margin can be used to enhance power saving for XR.

Proposal 11: Consider configuring CDRX and/or indicating PDCCH monitoring adaptation with awareness of XR specific higher layer information.

3. Conclusion
	In this contribution, we shared our views on the potential enhancements of power saving techniques for XR.
Observation 1: High throughput and capacity should also be taken into account for XR-specific PS enhancements.
Observation 2: Upon use for XR service, current CDRX mechanism would cause frequent reconfigurations of the CDRX and/or increase the overall latency.
Observation 3: Discussion on the baseline CDRX scheme that can serve as the baseline for potential enhancements would be useful.
Observation 4: Discussion on alignment between PDCCH monitoring and XR traffic may overlap with alignment between CDRX and XR traffic.
Observation 5: Rel-17 PDCCH monitoring adaptation in connected mode can also be applied to the UE not being configured with the CDRX, with enhancements if necessary.
Observation 6: XR-dedicated PDCCH monitoring window can be implemented by Rel-17 PDCCH skipping.
Observation 7: XR specific higher layer information such as information on traffic pattern, traffic size, and PDB margin can be used to enhance power saving for XR.

Proposal 1: For resolving the mismatch between CDRX cycle and XR traffic periodicity, consider to support semi-statically configured pattern of offsets or DRX cycles.
Proposal 2: For the study of dynamic signaling that indicates adjustment of CDRX start offset, consider potential ambiguity issue between the network and UE due to case of the missing signaling
Proposal 3: To handle jitter, consider the method that triggers additional DRX OnDuration when the UE does not receive any data during the periodic DRX OnDuration, or the UE receives a triggering indication.
Proposal 4: To handle jitter, study enhancements on PDCCH monitoring adaptation methods from both power and latency perspective.
Proposal 5: To handle jitter, study enhancements to WUS for joint operation with CDRX for XR-specific power saving.
Proposal 6: Study enhancements to the secondary DRX group taking into account the XR traffic characteristics such as non-integer periodicity and jitter.
Proposal 7: Consider enhancements on PDCCH monitoring adaptation in connected mode to mimic the CDRX function for a UE not being configured with the CDRX.
Proposal 8: Consider WUS outside DRX Active Time as well as the DCI inside DRX Active Time as a candidate for indicating the PDCCH monitoring adaptation.
Proposal 9: Consider SPS enhancement within DRX Active Time for XR UE power saving.
Proposal 10: For enhancements on PDCCH monitoring adaptation in connected mode, consider PDB margin as well as periodicity and jitter distribution of the XR traffic arrival time. 
Proposal 11: Consider to configure CDRX and/or indicate PDCCH monitoring adaptation with awareness of XR specific higher layer information.
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