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1. Introduction
Regarding XR-specific power saving, the following Objectives are in the Rel-18 SID:
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.

In this contribution we provide our initial views on potential enhancements for XR in Rel-18. 
[bookmark: _Toc54284460]XR use cases and enhancements
XR use cases and drivers for NR enhancements for XR
eXtended Reality (XR) is a broad term covering Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR). Along with Cloud Computing, XR applications typically require high throughput and low latency. A part of end-to-end packet latency is contributed by those from radio network and transport network. With Edge Computing, the proportion of latency contributed by other parts in the end-to-end service can be reduced, and it makes more readily achievable for low latency.  

The 5G system has been designed to deliver eMBB, URLLC and mMTC services. For NR, support of eMBB and URLLC was introduced in Rel-15, enhancements have been made in Rel-16 and are under way in Rel-17.

If the XR use cases are not distinct enough from existing eMBB/URLLC use cases, XR-specific enhancements are hardly justified, as there are many already for generic eMBB/URLLC use cases. From discussion in [5][6], SA4 study[8][9][10], and cited studies from [3][4], we do see some unique characteristics in the traffic profile of XR applications. Then XR-specific traffic characteristics [5][12], especially multiple periodic data streams with variable packet sizes as depicted in Figure 1, should be the driving motif for NR enhancements for XR. We have

Observation: Rel-18 NR enhancements for XR should be motivated by XR services’ traffic characteristics, especially the multiple data flow aspects.
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Figure 1 Multiple data flows in XR traffic
Issues and potential enhancements
Achieving low latency, high throughput and high reliability is hard enough, even with abundant band-width supported by NR. When UE power consumption and system capacity, which can be quantized by the average number of satisfied UEs engaged in XR services in a cell, are considered, the problem is even harder. In our view, the Rel-18 XR enhancements for NR is about leveraging the findings from RAN1 and SA4 on XR traffic characteristics. 

UE power consumption can be incurred for 
1. PDSCH/PUSCH processing
2. PDCCH monitoring
3. CSI feedback
4. RRM and RLM  

Among them, except item 4, which does not depend on the traffic characteristics, all other items have strong dependence on the traffic characteristics. With multiple flows at DL (the consideration for UL can be similarly developed), the gNB can choose to use separate PDSCHs to carry higher layer packets with different QoS requirements, or the gNB can use a single PDSCH to carry higher layer packets. Both approaches have their pros and cons. With the first approach, essentially TDM is used for different data flows, the latency for data flows can be long, and the UE’s on-time may be long and consequently UE power consumption can be large, yet the first approach does allow gNB much freedom in giving different treatments for different data flows, e.g. OLLA, retransmission, etc. The second approach may be preferred as the on-time for the UE can be shorter than that with the first approach. However, as different data flows have different QoS requirements, how to address different latency budgets for different data flows in a single PDSCH may require further investigation.

Ideally, when there is no uplink traffic or downlink traffic, there should be no activity on the UE side to minimize power consumption. Of course, some minimal functionalities need to be kept for the UE in the connected mode to allow nimble response from the UE once traffic arrives. Assume basic PDCCH monitoring for network connection is maintained by the UE, through CSS monitoring with CORESET #0 for example, then other PDCCH monitoring activities should be reduced as much as possible. Then when traffic arrives, the accompanying demand on PDCCH monitoring (e.g. for dynamic signaling for scheduling, retransmission for SPS/CG, etc) can be accommodated. In the current NR design, PDCCH monitoring is controlled through cDRX, PDCCH skipping and search space switching; whether they are suitable for multiple traffic flows with non-integer periodicity should be investigated. 


Traffic periodicity

From SA4 and RAN1 discussions, we can see support of video traffic is a salient component in XR service.  Video traffic has some unique characteristics:
· Non-integer periodicity, video at 60, 90 and 120 frames/second
· Time-varying packet size, e.g. due to I-frame or P-frame/B-frame
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Figure 2 Multiple data streams with periodical traffic arrivals and time-varying packet size
As video frames can be generated at regular time epochs, DL SPS and UL configured grant should be the first candidates considered to accommodate the XR traffic in general, and video traffic in particular. However, the Rel-16 NR design has some limitations. Note the DL SPS periodicity and UL configured grant periodicity available in Rel-16 do not match well with video traffic’s:
· Supported periodicity for DL SPS in Rel-16 NR:
· {1, …, 640} milliseconds for a NR system at 15 KHz subcarrier spacing,          
· {1/2, 1, 3/2, …, 640} milliseconds at 30 KHz, etc.
· …
· Supported periodicities for UL configured grant in Rel-16 NR:
· Multiple of 1 millisecond for 15 KHz up to 640 milliseconds, 2 symbols (1/7 milliseconds), 7 symbols (0.5 milliseconds)
· Multiple of 1/2 millisecond for 30 KHz up to 640 milliseconds, 2 symbols (1/14 milliseconds), 7 symbols (0.25 milliseconds)
· With video frames generated at 30, 60, 90, 120 Hz, out of many periodicities supported currently in NR for SPS and CG, none is a good match for any of them.  


Time-varying packet size and jitter handling

When data streams can be generated at cadences which are not integer multiples of the NR’s basic timing (90 frames per seconds), DL SPS with over-provision has been considered a possible solution. As shown in Figure 3, with a number of DL SPS configurations configured for a UE, with some DL SPS occasions with no actual data transmission, the alignment latency in DL transmission can be controlled. However, for the transmission occasions not associated with any actual transmission, the UE still needs to generate HARQ feedback and transmit over the configured PUCCH resource. More importantly, as the UE does not have the a priori knowledge on whether there is actual transmission in a slot or not, some UE processing is still needed to make a determination:  
· DMRS correlation
· e.g. the UE performs correlation with the assumed DMRS to decide whether there is actual transmission or not.
· LDPC decoding
· Depending on DL SPS’s MCS level (e.g. low MCS level, hence the required SINR can be rather low), the UE may not be able to decide there is actual transmission or not simply from DMRS correlation, further processing such as LDPC decoding may be needed.
In this case, UE power consumption is incurred for non-existent data transmission.

With over-provision, the UE is still required to send HARQ feedback over PUCCH for non-existent SPS PDSCH transmission, which wastes system resources; and leads to UL interference. There are proposals in 3GPP RAN1 to deal with those two issues, e.g. the UE is to skip the HARQ feedback for non-existent data transmission, shown in Figure 4. Note however the UE power consumption issue is not dealt with by the proposed solution with skipping HARQ feedback.
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Figure 3 Over-provision for traffic with non-integer periodicity
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Figure 4 Skipping of HARQ feedback

With time-varying packet size, while the gNB can always configure a UE with resources sufficient even for the largest packet size. However, that can lead to low system capacity, for example the number of UEs with XR service can be limited.

Also jitter in the traffic arrival for downlink can be expected. With time-varying packet size (or frame size for the video traffic for example), then some kind of signaling mechanism to indicate to the UE the reception occasions with actual data transmission can be beneficial from UE power saving point of view.

For UL, embedded signaling can be used to adapt the transport block size. For example, as shown in Figure 5, CG-UCI can be enhanced to indicate the MCS level or number of symbols in the PUSCH so the transport block size can be adopted according to the current need of XR traffic.
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Figure 5 Using CG-UCI to adapt the transport block size
UE power saving
From discussion in NR Rel-15/16, it can be seen PDCCH monitoring can account for much of UE power consumption. In Rel-16/Rel-17, PDCCH monitoring is adapted according to the current traffic need through newly introduced mechanisms such as wake-up signal, which can be a rather effective approach to save power if the XR traffic consists of a single flow, and the periodicity of the traffic arrival is not too small. With multiple data flows, adaptation to traffic becomes more challenging as those data flows may have non-commensurate periodicities. Then light-weighted control signaling embedded in the PDSCH reception occasions should be investigated to circumvent PDCCH monitoring and also make control signaling goes with traffic rather than making traffic follows control signaling. 
DRX enhancement
With a single data flow for the UE, if the DRX periodicity matches the traffic arrival of that data flow, then dynamic grant can be used as the main means to support XR traffic. However, no XR use case is of a single data flow: for VR, there is video data flow in the DL and pose/control data flow in the UL with different periodicities. For AR, two data flows in the DL (video, audio/data) and three data flows in the UL (video, pose/control, audio/data) with different periodicities can be present, it can be difficult to select periodicity and On time to satisfy the need for all data flows. Then only supporting non-integer periodicity for DRX is unlike to deliver much benefit for UE power saving. 

When there are multiple data flows, especially when at least integer relationship does not exist among their periodicities, matching DRX’s periodicity to another data flow’s periodicity would still leave some data flows arrival potentially in DRX-Off duration. Then for potential enhancements in PDCCH monitoring, if dynamic grants are used as the main means to schedule data transmission, multiple DRX configurations or switching between DRX configurations can be considered.

Still pursuing the approach of using dynamic grants to support XR traffic, then if multiple DRX configurations can be configured and used, each matches to a specific XR data flow, then timely signaling to indicate DG PUSCH/PDSCH to the UE and low alignment latency for SR/BSR transmission can be achieved. We have 

Proposal 3-1: consider the support of multiple DRX configurations to support multiple data flows in DL/UL with different periodicities.

For an initial SPS PDSCH reception, if an NACK is generated due to failed reception, then it would trigger the UE’s monitoring of PDCCH for retransmission. For some data flow, the latency budget can be tight, the initial transmission through SPS PDSCH may be the only chance of transmission for a transport block, then retransmission for a packet for such a data flow does not add anything to user’s better experience. Also for different data flows, the latency budget can be different, and how to exploit that for SPS/CG transmission should be investigated. Also for dynamic grant, it may also happen for different traffic flows, the latency budget can be different, hence the need to monitor PDCCH for retransmission can be different ( In the case packets of multiple data flows are multiplexed into the same MAC PDU, then the latency budget can be set to the larger/largest one for the packets, and we discuss its treatment in the companion paper.)

We have 
Proposal 3-2: investigate DRX enhancement to support data flows with different latency budget so packets with stringent latency budget don’t trigger PDCCH monitoring in the case they are not received in their first transmission.

Inband signaling

If multiple DRX configurations are not supported, then the only DRX configuration as available today is driven by various considerations such as non-XR specific signaling in UL/DL, and its configuration is not expected to be adapted according to XR traffic. Here we encounter a dilemma: if the DRX periodicity is short and/or On duration time is long, XR data flows’ alignment latency may be low, yet the UE power consumption will be high. 

As SPS PDSCH/CG PUSCH initial transmission is not regulated by DRX configuration (The initial transmission of a transport block over SPS PDSCH can be received during Off duration of DRX, and the initial transmission of a transport block over CG PUSCH can be transmitted by UE during OFF duration of DRX), then another approach is to rely on SPS PDSCH and CG PUSCH as the main means for XR data transmission. 

If packet size of a data flow is fixed and known by RAN, then the number of transport blocks and the TBS size of each transport block can be calculated and used in relevant SPS/CG configurations. Still as simultaneous reception of overlapping unicast PDSCHs and simultaneous transmission of overlapping PUSCHs on the same CC is not supported, some mechanism is needed to adapt to packet size variation. 

Also to handle jitter in packet arrival, then signaling of absence/presence of SPS PDSCH can be useful to UE power saving.

From those consideration, some control signaling scheme which may lie between dynamic grant and conventional SPS reception may be considered. Ideally the control signaling to indicate packet size variation and/or absence/presence of SPS PDSCH should be carried in the resource of SPS PDSCH. And the need to detect such control signaling comes and goes with the activation and deactivation of SPS PDSCH configuration. We note in the current NR design, PDCCH monitoring and SPS reception are regulated by different RRC configurations (PDCCH-Config and SPS-Config), then joint configuration/activation of control signaling detection and SPS reception can be considered.

We have
Proposal 3-3: investigate inband signaling to indicate varying packet size and absence/presence of SPS PDSCH.



CSI measurement/CSI reporting enhancements

For CSI measurement, as interference can fluctuate substantially between slots depending on traffic from neighboring cells, interference measurement which faithfully reflects the interference experienced by PDSCH carrying XR traffic should be supported. Periodic and semi-persistent CSI measurement resources matched with XR traffic arrival should be supported. Also for CSI reporting, while it is possible to use aperiodic CSI reporting to match the reporting occasions with XR traffic arrival, it can be also beneficial for periodic and semi-persistent CSI reporting’s occasions to be matched with XR traffic arrival, for faithful CSI measurements.

For UE power saving, aligning CSI measurement occasions with PDSCH reception is beneficial as the UE then does not be active just to perform CSI measurements. Also for CSI reporting, aligning PUCCH transmission with other uplink transmissions may be beneficial as well. 

We have 
 
Proposal 3-4: for UE power saving, support non-integer periodicity for periodic/semi-persistent CSI measurement resources, CSI reporting and periodic/semi-persistent SRS transmission.


Conclusion
In this contribution, we provide our views on enhancement for XR. We have 

Observation: Rel-18 NR enhancements for XR should be motivated by XR services’ traffic characteristics, especially the multiple data flow aspects.

Proposal 3-1: consider the support of multiple DRX configurations to support multiple data flows in DL/UL with different periodicities.

Proposal 3-2: investigate DRX enhancement to support data flows with different latency budget so packets with stringent latency budget don’t trigger PDCCH monitoring in the case they are not received in their first transmission.

Proposal 3-3: investigate inband signaling to indicate varying packet size and absence/presence of SPS PDSCH.

Proposal 3-4: for UE power saving, support non-integer periodicity for periodic/semi-persistent CSI measurement resources, CSI reporting and periodic/semi-persistent SRS transmission.
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