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Introduction
During RAN#94-e plenary [1], it was agreed that XR and CG present a set of attractive use cases for future mobile systems that also impose a set of challenges for NR that need to be studied and potentially addressed. From the Release 17 Study item on “XR evaluations” it is clear that additional power enhancements are needed to reduce the overall UE power consumption when running XR and CG services and thus extend the effective UE battery lifetime.

The objectives of the study on XR-specific power saving techniques as captured in the SID are:
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, jitter, latency, reliability, etc...):
· C-DRX enhancement.
· PDCCH monitoring enhancement.
Rel-15/Rel-16/Rel-17 CDRX can provide limited power saving gain for XR application (2%~3%). eCDRX (enhanced CDRX) is one potential topic for Rel-18 XR power saving. Rel-16 BWP based power saving framework (BWP switch, cross-slot scheduling) can provide about 8% power saving gain. Orchestrated PDCCH skipping can achieve up to 20% power saving gain for XR applications. PDCCH skipping schemes are included in Rel-17 UE power saving (almost finished). Whether to do further PDCCH monitoring enhancement is one potential topic for Rel-18 XR power saving

Retransmission handling for Rel-17 PDCCH skipping/SSSG switch
In Rel-17 the PDCCH skipping feature has been introduced under the power saving enhancements. Hence, the UE can be indicated to skip monitoring for a duration by the scheduling DCI format X-1/X-2. 
The feature brings good power saving gain however the scheduling is impacted especially for the retransmission requests. 
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Due to XR application’s stringent latency requirement, instant retransmission is critical. However, in the current Spec, no additional PDCCH monitoring for retransmission is allowed. 
NW can handle the situation and apply lower MCS for last data scheduling to avoid potential retransmission. However, this comes with resource efficiency cost as the network needs to aim for a very low BLER target using a single shot transmission. 
Hence, further retransmission-aware mechanisms should be explored, studied and specified for XR traffic. 

Two possible solutions have been captured in the RAN1#108-e: 
· Option 1: No additional PDCCH monitoring for retransmission (current spec.)
· Option 2 (Additional behavior): Resume monitoring if drx ReTX timer is running (FFS in current spec.)

Both options come with numerous issues. In Option 1, two implementations are possible to handle the retransmission issue. The network may choose to apply very low MCS for the last data scheduling to avoid any potential retransmission and will be as a result compromising the system efficiency. In the second implementation of Option 1, the network may choose to trigger skipping using a dummy UL scheduling after confirming all DL TBs are correctly received by the UE. Obviously, this comes with extra signalling overhead and may not motivate the network to deploy the PDCCH skipping feature. 
Option 2 requires frequent interaction between PHY and MAC and a large effort to maintain the timer. Also, in this case, Uplink may become the bottleneck for power saving as drx-RetransmissionTimerUL will be always triggered if PUSCH is transmitted and hence PDCCH monitoring will be always triggered following any UL PUSCH transmissions. 
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We have two solutions to address the retransmission following the PDCCH skipping indication. 

Solution 1:

If the UE is indicated to skip PDCCH monitoring for a specific duration based on the Rel-17 adaptation scheme, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of Skipping. 
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[bookmark: _Hlk101345704]
Proposal 1: If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of PDCCH.


Solution 2:

In solution 2, when the UE is indicated to skip PDCCH monitoring for a duration by the Rel-17 adaptation scheme, then if any NACK is transmitted or if the scheduled UL data is transmitted, the UE has to resume monitoring for a configured duration. 
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[bookmark: _Hlk101962356]
Proposal 2: If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted or if UL data is transmitted, the UE resumes the monitoring for a configured duration.

Solution 1 and Solution 2 both reduce the effort of maintaining the drx-retransmissionTimerDL/ drx-retransmissionTimerUL and doesn’t involve additional interactions with higher-layer controls. Also, whether to make the UE enter power saving mode can be left for the network and there is no need to further discuss the behavior in ReTx timer. 
We have preference for solution 2 as it can be applied to both DL and UL. In UL, the UE can get power saving gain for an appropriate configured duration. 

On DL/UL alignment for XR application
In the Rel-17 TR of the XR study [2], for baseline assumption, the following three traffic flows are modelled for AR application:
· DL video traffic is assumed to be periodical arrival with 16.67 ms period (60Hz)
· UL pose control is assumed to be periodical with 4 ms period (250Hz)
· UL video (AR only) traffic is assumed to be periodical with 16.67 ms period (60Hz)
Figure 1 below shows one example aggregating the three traffic flows:
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[bookmark: _Ref101953003]Figure 1: An example for three AR DL/UL traffic flows

It can be seen from Figure 1 that because the period of UL pose/control does not match the period of UL/DL video traffic, the UL traffic cannot align with the DL traffic in time.
[bookmark: _Hlk101962370]
[bookmark: _Hlk101858122]Observation 1: The UL pose/control traffic doesn’t align with the video traffic in time.

During the Rel-17 XR study, some companies were interested in studying methods to align the DL/UL traffic. However, we think although the video traffic period (say 16.67 ms) cannot be changed due to industry display standard, the UL pose/control period does not strictly have to be 4ms but can depend on the application implementation.

[bookmark: _Hlk101858007]Observation 2: The UL pose/control period does not strictly have to be 4ms but can depend on the application implementation.

For example, in cell phone industry, the normal display refresh rate is 60Hz/120Hz, while the normal touch refresh rate is 240/480Hz. The display refresh period is an integer multiple of touch (pose/control) refresh period.
[bookmark: _Hlk101858042]
[bookmark: _Hlk101858160]Observation 3: In cell phone industry, the display refresh period is an integer multiple of touch (pose/control) refresh period.

[bookmark: _Hlk101880128]For RAN1’s assumption on DL/UL traffic arrival period, DL-UL alignment can be achieved with a UL pose/control of 4.167 ms period (240Hz), as shown in Figure 2 below.
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[bookmark: _Ref101953425]Figure 2: An example for three AR DL/UL traffic flows, with 4.167 ms period (240Hz) UL pose/control
[bookmark: _Hlk101962397]
[bookmark: _Hlk101858174][bookmark: _Hlk101361661][bookmark: _Hlk101345830]Observation 4: UL/DL alignment can be achieved with an UL pose/control of 4.167 ms period (240Hz).

As a result, we have the following proposal:
[bookmark: _Hlk101962405]
Proposal 3: [bookmark: _Hlk101858191]RAN1 to revisit the UL pose/control period assumption. One of two options to adopt: 
· Option 1: Modify UL pose/control period assumption to be 4.167 ms (240Hz).
· Option 2:  RAN1 to draw a conclusion that UL/DL alignment can be handled by application and RAN1 does not have to address the alignment issue.

Besides, RAN1 would need a common UL/DL traffic arrival model to further evaluate the power saving gain under various potential future enhancements. Thus, we have the following proposal:
[bookmark: _Hlk101962416]
Proposal 4: RAN1 to adopt Figure 1 or Figure 2 as a common UL/DL traffic arrival model to evaluate the power saving gain under the potential future enhancements.

Early Termination of the On-Duration-Timer
In XR/CG, the UE may need to monitor PDCCH for relatively long periods to cover the jitter. This means that the UE may need to be awake for most of the DRX periodicity. Therefore, On Duration Timer (ODT) in CDRX, which is started at the beginning of every DRX cycle, may need to be configured with a large value (e.g., 8ms).
On the other hand, after the first packet for a frame is detected, the subsequent packets belonging to the same media frame would usually be transmitted within a relatively short period. This means that the Inactivity Timer (IAT), where the UE is waiting for a subsequent PDCCH indicating a new DL or UL transmission, can be configured with a relatively small value compared to the ODT (e.g., 4ms). Note the UE monitors PDCCH when either timer (ODT or IAT) is running.
To save the UE power, it can be beneficial to reduce the duration where the UE monitors for PDCCH as much as possible. As a potential enhancement, the UE can stop the ODT at the first data arrival and can rely on IAT while waiting for the next packet for the same media frame. This can save power for the UEs for which the first data arrival happens early during the On Duration period.

In another enhancement, the DRX On Duration period can be divided into smaller segments with gaps between them. This may give opportunity to the UE to go to sleep during the gaps while not compromising the packet delay budget too much.
[bookmark: _Hlk101858202]
Proposal 5: The UE to stop the On-Duration-Timer at the first data arrival and to rely on the Inactivity Timer while waiting for the next packet of the same media frame.

On-Demand/Selective retransmissions for UL Pose/Control Information
UL control/pose information can include: 
·  Viewer pose information (describing the state of a viewer of the XR scene as tracked by the XR device)
· Predicted pose
· AR pose tracking
· User’s environment information via sensors
· Gaming /control events.
This information can have different latency and reliability requirements. A stated in, [TR 26.928] “Different flavours of interaction exist, for example viewport adaptation, gaming events, etc. Interaction delay requirements may be different, ranging from immersive latency requirements to more static selection interactions”
After transmitting the UL control/pose packet, the UE can go to sleep and save power and doesn’t need to monitor PDCCH for retransmission if the UL control/pose packet is of lower importance (e.g. reporting sensor information) or if the latency requirement is relaxed for that specific traffic. Also the PDB is 5ms for UL pose/control information and the UL pose/control information periodicity is 4ms (and could be further reduced for advanced applications). Hence, even for UL packets of high importance, it is possible to wait for the next occasion to send the retransmission and still meet the PDB requirements. 

With the periodic UL traffic for control/pose information, the UE can piggy-back UCI information to indicate the importance of the information (or UL retransmission enabled/disabled). The UE informs the network if it is going to monitor PDCCH for possible retransmission or if it will go to sleep and stop monitoring PDCCH. The level of importance of the UL control/pose information can be reported by the device application layer to the UE modem PHY/MAC layer. 
Existing CG-UCI can also be re-used with some enhancement by re-using existing fields or defining additional fields. 
Also, the priority of the UL data can be implicit from the LCH that the data was mapped to, as in the existing mechanisms (i.e. packet filtering).
LCH restrictions for CGs also exist today, so a set of LCHs can be mapped to a CG configurations, with some LCHs having higher reliability requirements than others. The MAC layer can set the “UL retransmission enabled/disabled” flag based on the LCH data that is included in the transmitted TB.

[bookmark: _Hlk101962450]
Proposal 6: [bookmark: _Hlk101858214]Selective retransmissions for UL pose/control information can help reduce power consumption without impacting performance.  

Conclusion
In this contribution, we have made the following observations and proposals:

Observation 1: The UL pose/control traffic doesn’t align with the video traffic in time.

Observation 2: The UL pose/control period does not strictly have to be 4ms but can depend on the application implementation.

Observation 3: In cell phone industry, the display refresh period is an integer multiple of touch (pose/control) refresh period.


Observation 4: UL/DL alignment can be achieved with an UL pose/control of 4.167 ms period (240Hz).

Proposal 1: If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of PDCCH.

Proposal 2: If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted or if UL data is transmitted, the UE resumes the monitoring for a configured duration.

Proposal 3: RAN1 to revisit the UL pose/control period assumption. One of two options to adopt: 
· Option 1: Modify UL pose/control period assumption to be 4.167 ms (240Hz).
· Option 2:  RAN1 to draw a conclusion that UL/DL alignment can be handled by application and RAN1 does not have to address the alignment issue.

Proposal 4: RAN1 to adopt Figure 1 or Figure 2 as a common UL/DL traffic arrival model to evaluate the power saving gain under the potential future enhancements.

Proposal 5: The UE to stop the On-Duration-Timer at the first data arrival and to rely on the Inactivity Timer while waiting for the next packet of the same media frame.

Proposal 6: Selective retransmissions for UL pose/control information can help reduce power consumption without impacting performance.  
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