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1 Introduction
In last RAN2 meeting, the power saving for XR was discussed, and the following agreements were achieved. 
	· 1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 

-
DRX enhancements to address the issues of DRX cycle mismatch and jitter

-
Identify necessary parameters from CN for XR-awareness for power saving 

· Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact

· RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).


The agreements in last meeting indicate that the following issues can be addressed:

· Issue 1: DRX cycle mismatch

· Issue 2: Jitter

· Issue 3: XR-awareness for power saving

· Issue 4: Coexistence of multiple XR traffic flows with different periodicities

· Issue 5: SFN wrap-around

· Issue 6: RAN2-specific CDRX aspects

Among those issue, issue 3 needs coordination with other WGs, e.g., RAN3, SA2. We will address this in our another paper. For issue 1~2, the necessity of enhancements has been confirmed, while the study on Issues 4~6 may need further justification. In this contribution, we will address those issues, and share our views. 

2 Discussion
2.1. DRX cycle mismatch

This issue mainly addresses the non-integer periodicity of XR flow. Specifically, the existing DRX long/short cycle configurations cannot well match the periodicity of XR flow, which can be 60/90/120 frames per second (fps). There are two types of solutions have been observed. One is using DRX cycle and another one is using DRX start/slot offset.

· Direction 1: DRX cycle related enhancement

In this direction, candidate solutions are based on single or multiple DRX cycle(s) while legacy DRX long cycle cannot provide required cycle e.g., 16 ms, 17 ms, 50 ms, or non-integer value. Specifically, for single cycle, the intention is to introduce the non-integer value for DRX cycle, e.g., 8.3333, 11.1111, 16.6666; for multiple cycle, the intention is to realize a DRX cycle pattern containing multiple DRX cycles in one pattern, e.g., a DRX pattern containing three DRX cycles (i.e., 17ms, 17ms, and 16ms). One possible realization is to use hierarchy DRX cycle configuration. Taking 60fps as an example, the packet generation periodicity is 16.6666ms so that 3 XR-packet (each of which may contain multiple IP packets) is generated evenly; thus, if the DRX can be configured with 3 active time periods evenly distributed in 50ms, the DRX cycle can match the generation periodicity of XR traffic. To achieve this purpose, this solution defines a new cycle with the value of 50ms for 60fps XR traffic. As shown in Fig. 1, Cycle 1 is 50ms, while Cycle 2 is 17ms. Cycle 2 determines the repeating periodicity of 3 DRX active time. During Cycle 1, the Cycle 2 is used to determine the start position of DRX active time. Here, Cycle 2 can be the legacy DRX cycle, while Cycle 1 is the new cycle (e.g., super DRX cycle). Thus, once 50ms is ended, the Cycle 1 is restarted so that the last DRX cycle during every 50ms is 16ms only.  
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Fig. 1 Hierarchy DRX cycle configuration

Observation 1: new DRX cycle value is required to provide finer granularity or non-supported value with legacy DRX cycle.

Observation 2: the DRX pattern with multiple DRX cycles can address the non-integer periodicity of XR flow. 

· Direction 2: DRX start offset adjustment

Currently, with configured DRX, the UE starts drx-OndurationTimer after drx-SlotOffset from the beginning of the subframe. In this direction, some candidate solutions are based on semi-static or dynamic adjustment of drx-StartOffset/drx-SlotOffset to achieve non-integer DRX cycle. For example, DCP is used to indicate the new offset, as shown in Fig. 2. However, the offsets for DRX (i.e., drx-StartOffset and drx-SlotOffset), in legacy, are to provide flexibility for start timing of DRX cycle and it is not intended to adjust DRX cycle.
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Fig. 2 DRX time offset control using DCP

Observation 3: offsets for DRX could be used to support non-integer DRX cycle.

Observation 4: offsets for DRX is not intended to adjust DRX cycle.

From the above observations 1~4, we have the following proposals:
Proposal 1-1: RAN2 is kindly asked to confirm the new granularity or patternof DRX cycle(s) for non-integer periodicity of XR flow is needed for XR power saving. 

Proposal 1-2: RAN2 is kindly asked to discuss the adjustment of offsets (i.e., drx-StartOffset and drx-SlotOffset) for DRX can be used to support non-integer DRX cycle.
2.2. Jitter handling

This issue is that the XR packets arrive at the gNB side without periodicity due to status fluctuation of the transport network, although the XR server/client generates XR-flow periodically. In practice, there are two types of Jitter, i.e., early Jitter (the packet arrives earlier than the expectation), and late Jitter (the packet arrives later than the expectation). For early Jitter, the enhancement is mainly targeting at reducing the latency. To address this aspect, two directions for enhancement are observed:
· Direction 1: DRX related enhancement

This direction aims at enhancing the existing DRX. Candidate solutions include:
· Alt 1: configure the DRX starting position to cover the lower boundary of Jitter. This solution has no specification impact. 

· Alt. 2: adjust DRX starting position dynamically. This solution can be also used to address the DRX cycle mismatch

· Direction 2: non-DRX related enhancement

This direction aims at designing new scheme without involvement of DRX. Candidate solutions include:

· Alt. 1: Start SSSG with sparse PDCCH monitoring before the starting of DRX Onduration timer 

· Alt. 2: use dense WUS around expected arrival time

Observation 5: dynamic adjustment of offsets for DRX could be used to handle early jitter.

Observation 6: the early monitoring before the start of DRX active time could be used to handle early jitter.
The SSSG related discussion is in RAN1 scope, so that RAN2 needs coordination with RAN1 on this aspect. 
Proposal 2-1: RAN2 is kindly asked to discuss the adjustment of offsets (i.e., drx-StartOffset and drx-SlotOffset) for DRX can be used to handle jitter. RAN2 is kindly requested to coordinate with RAN1 regarding to PDCCH monitoring.
Meanwhile, we can notice that the enhancement targets for early Jitter and late Jitter are different, which may result in different solutions for each issue. However, in real case, the gNB cannot deduce the early/late jitter so it may select incorrect solution, e.g., gNB may select solution for early jitter while the late jitter happens finally. To avoid this, a better choice is to select a unified solution to address both early Jitter and late Jitter, and such solution can balance the power consumption and latency. 

Proposal 2-2: RAN2 is kindly asked to consider a unified solution to address both early Jitter and late Jitter.  
2.2. Enhancements for other aspects
· Coexistence of multiple XR traffic flows with different periodicities
In real case, XR traffic may contain multiple XR traffic flows. If our focus is only on single flow, it will limit the application of Rel-18 XR studies. Thus, from practical point of view, multi-flow should be addressed in the scope of Rel-18. Moreover, during study item stage, such practical case should be addressed. 

Proposal 3-1: RAN2 is kindly asked to address multi-flow case in Rel-18. 

To address this issue, one possible solution can be to apply different DRX configurations for different XR-flows. Specifically, the DRX configuration may be provided together with information identifying a XR-flow, e.g., DRB ID, logical channel ID, etc. In practice, multiple DRX configurations may result in separate active time, e.g., Fig. 3(a), so the operation of each DRX configuration is performed independently. However, in some cases, multiple DRX configurations may have overlapped active time, e.g., Fig. 3(b). 
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Fig. 3 multiple DRX configurations for multi-flow case
For overlapped case, the resultant issue is how to update the DRX related timers. An intuitive solution is to maintain independent set of DRX related timers for each XR-flow. Thus, the DRX related timers can be updated according to the legacy DRX scheme. However, this would cause much more implementation burdens at the UE due to the maintenance of multiple sets of DRX related timers. Thus, for multi-flow case, it is beneficial to have some discussions on how to update the DRX related timer(s), e.g., DRX On duration timer, DRX Inactivity timer. 

Proposal 3-2: RAN2 is kindly asked to discuss the update of DRX related timer(s), e.g., DRX On duration timer, DRX Inactivity timer, given that the UE is served by multiple XR-flows. 

· SFN wrap-around
In this issue, whenever SFN is changed to 0, the DRX cycle may not be able to match the period of XR flow. This is a valid issue under the current DRX design and it can be considered as a part of DRX cycle mismatch. However, this issue can be deprioritized in SI stage before RAN2 determines the baseline solution for DRX cycle mismatch. 
Proposal 3-3: RAN2 is kindly asked to deprioritize the discussion on SFN wrap-around before the baseline solution for DRX cycle mismatch is determined. 

· RAN2-specific CDRX aspects

We understand this issue is referring to further enhancement on top of the baseline DRX related solutions. One possible issue for consideration can be the early completion of XR traffic. If the gNB can be aware of the completion of XR traffic, it can terminate the DRX active time earlier to save power consumption. To achieve this, two possible directions can be considered:
· Direction 1: hard stop of DRX active time

In this direction, the gNB can send L1 explicit indication or PDCCH skipping indication to the UE to stop the DRX active time. 

Observation 8: the indication from gNB can be used to stop the DRX active time earlier

· Direction 2: soft stop of DRX active time 

The hard stop of DRX active time requires accurate knowledge about the XR traffic. However, this may not be achievable since the volume of each XR traffic burst is unpredictable. Thus, such hard stop solution may bring the risk of delaying the late arrived packet. To resolve this issue, another potential solution is soft stop of DRX active time. Specifically, in legacy DRX, the DRX Inactivity timer is restarted whenever DCI with new data scheduling is received. Such timer is normally set based on the feature of time period between two sequential packets, and it is normally set in conservative way, e.g., its value is set to cover the largest period between two packets. However, XR server generate the XR-packet (including multiple IP packets) at the same time and send them out at almost the same time. Thus, the packet arrival time of different packets may not have large difference. Moreover, the XR traffic arrives at gNB burst by burst, once a packet is received, the probability of receiving another packet will be reduced. Based on this, the drx-InactivityTimer value can be gradually reduced with the number of new transmissions. 

Observation 9: the gradual drx-InactivityTimer decrease can be used to stop DRX active time earlier without the risk of delaying the late arrived packet. 

Proposal 3-4: RAN2 is kindly asked to discuss the hard or soft stop of DRX active time to address the issue of the early completion of XR traffic. 

Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:

Proposal 1-1: RAN2 is kindly asked to confirm the new granularity or pattern of DRX cycle(s) for non-integer periodicity of XR flow is needed for XR power saving. 

Proposal 1-2: RAN2 is kindly asked to discuss the adjustment of offsets (i.e., drx-StartOffset and drx-SlotOffset) for DRX can be used to support non-integer DRX cycle.
Proposal 2-1: RAN2 is kindly asked to discuss the adjustment of offsets (i.e., drx-StartOffset and drx-SlotOffset) for DRX can be used to handle jitter. RAN2 is kindly requested to coordinate with RAN1 regarding to PDCCH monitoring.

Proposal 2-2: RAN2 is kindly asked to consider a unified solution to address both early Jitter and late Jitter.  
Proposal 3-1: RAN2 is kindly asked to address multi-flow case in Rel-18. 

Proposal 3-2: RAN2 is kindly asked to discuss the update of DRX related timer(s), e.g., DRX On duration timer, DRX Inactivity timer, given that the UE is served by multiple XR-flows. 

Proposal 3-3: RAN2 is kindly asked to deprioritize the discussion on SFN wrap-around before the baseline solution for DRX cycle mismatch is determined. 

Proposal 3-4: RAN2 is kindly asked to discuss the hard or soft stop of DRX active time to address the issue of the early completion of XR traffic. 
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