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Introduction
A new Rel-18 Study Item for XR enhancements in NR has been approved in RAN#94. Three main topics are to be studied in RAN1 and RAN2: XR-awareness, XR-specific power saving, and XR-specific capacity improvements.
As clarified in [1] ,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). 
The objectives of the Study Item are as following: 
· XR-awareness (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.
· 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.
· 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;
In this Tdoc, we discuss XR-specific Capacity improvements. 

XR Traffic modelling
The XR traffic is a quasi-periodic traffic with the period equal to the inverse of the XR frame rate. Hence, if the frame rate is 60 frames per second (fps), the periodicity is 16.67 ms. The XR traffic suffers from jitter due to the delay variations at the codec to encode the video frames. The jitter was statistically modelled in 3GPP RAN1 Rel-17 SI [2] as truncated gaussian distribution with 2ms standard deviation and +/-4 ms range.
The XR packet size is also variable due to the variability in the video frame sizes (I-frames, P-frames, B-frames) and was also statistically modelled in 3GPP RAN1 Rel-17 SI [2] as truncated gaussian distribution with Mean = (average data rate) / (fps for video stream) / 8 [bytes] and  [STD, Max, Min] = [10.5, 150, 50 ] % of the Mean. 
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In the UL direction, the pose/control information is modelled in 3GPP RAN1 Rel-17 SI [2] as periodic (e.g. 4 ms periodicity assumed in RAN1) with fixed packet size (e.g. 100 bytes assumed in RAN1) and with no jitter. 
For UL AR traffic, there was no jitter values modelled in RAN1. The jitter for the UL traffic should be smaller than for the DL traffic and is less critical.
 SPS and CG Enhancements
SPS is a feature designed from LTE to allocate persistent and periodic resources for services like VoIP. SPS and CG are also used in 5G for services like IIoT/URLLC for small and periodic packets transmission. 
XR service is characterized by quasi-periodic traffic, hence the motivation to consider semi-persistent scheduling as a candidate to schedule XR traffic to reduce control overhead and reduce the latency compared to dynamic scheduling. 
XR traffic is also characterized by large and varying packet size, hence the challenge to use SPS/CG mechanism as in Rel-16 and Rel-17. SPS/CG cannot adapt dynamically to the varying packet size.
For example, for an XR data rate of 30 Mbps and a frame rate of 60 fps, the Mean of frame sizes is 64 Kbyte and the range is 32 Kbyte to 96 Kbyte. It is very challenging to use SPS/CG to transmit such a large and varying size video frame. It is also very resource inefficient to scale the allocated SPS/CG resources to the worst case (largest frame size) as this overprovisioning will penalize the system capacity. 
Also, based on the 3GPP RAN1 SI evaluation in Rel-17 [2], the bottleneck for the XR system capacity is not the control channel but rather the data channel, hence the use of SPS/CG is not very justified to improve the system capacity.
In RAN1#109e [3], the following agreement has been made for the SPS/CG enhancement: 

Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique

Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. 
Proposal 1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. 
 
Mismatch between the SPS/CG periodicities and XR traffic periodicity
The Rel-16/Rel-17 CG/SPS periodicities don’t align with the AR/VR frame rates. In the current CG/SPS design, cycles are multiple values of slots. However, and as agreed in Rel-17 XR RAN1 SI and the current Rel-18 RAN1 SI for the evaluation, the packet arrival rates to be evaluated for XR are {30, 60, 90, 120} fps, so the corresponding traffic periodicities of XR are non-integer values of {33.33, 16.67, 11.11, 8.33} ms. There is obviously a mismatch between the XR traffic arrival periodicities and the CG/SPS periodicities. 
Proposal 2:  Support alignment between the SPS/CG periodicites and the XR traffic. 

The alignment with the XR traffic periodicity is similar for SPS/CG and C-DRX. Hence a unified solution could be studied that could be used for aligning SPS/CG cycles with XR traffic and for aligning C-DRX with the XR traffic. 

We prefer the use of the C-DRX formula defined in the MAC specification [TS 38.321] as a starting point and adjust the formulas to correct for the drift. Similar formula could also be defined to align SPS/CG periodicities with the XR traffic periodicities. 

Multiple PDSCH/PUSCH transmissions per SPS/CG occasion
In the legacy SPS/CG configuration, a single PDSCH/PUSCH transmission per SPS/CG occasion is allowed which is not suitable for the XR traffic with large and varying packet size. Relying on multiple SPS occasions to transmit large packets will compromise the traffic Packet Delay Budget (PDB) as waiting for the next SPS occasion will add to the scheduling latency.
Using multiple SPS configurations can partially resolve the issue, but it requires extra PDCCH signalling overhead to activate/deactivate the SPS configurations whenever needed, which adds to the control overhead and penalizes the UE power consumption. 
Therefore, SPS/CG enhancement by allowing multiple PDSCH/PUSCH occasions per SPS/CG cycle can be further studied as a possible solution to address the varying XR packet sizes. 
However, the use of multiple PDSCH/PUSCH occasions per SPS/CG cycle can be impacted by the jitter. Multiple occasions could be configured per cycle to accommodate the varying packet size but the packet can arrive early or late which means some PDSCH/PUSCH occasions could be skipped and the transmission can start anywhere in these occasions. The UE should be able to identify on which occasion the packet transmission has started. One way is to use specific DMRS scrambling ID to identify the PDSCH transmission index. 
For example, one large packet could be segmented into TB1 and TB2. The packet arrived late due to jitter and the first PDSCH occasion in the SPS cycle was missed. Then the gNB generates a 1st DMRS scrambled by a 1st DMRS scrambling ID and transmits TB1 with the 1st DMRS to the UE in the 2nd SPS PDSCH occasion. Similarly, the gNB generates a 2nd DMRS scrambled by a 2nd DMRS scrambling ID and sends TB2 with the 2nd DMRS to the UE in the 3rd SPS PDSCH occasion in the SPS cycle. The HPID can also be determined based on the DMRS scrambling ID.
Failing to identify the PDSCH transmissions in the PDSCH occasion, means the UE will attempt to decode all the occasions in the SPS cycle and sending NACKs for the empty ones. Hence, increasing UE power consumption and increasing HARQ-ACK feedback overhead. Failing to identify the PDSCH transmissions means also uncertainty at the UE about the start and the end of the segmented packet.

HARQ-ACK feedback should also be studied for the multiple PDSCH occasions. The UE may need to concatenate the HARQ-ACK feedback of the different occasions in one PUCCH transmission. But this may introduce some delays as the gNB needs to wait for the end of all the PDSCH occasions to get the HARQ-ACK feedback and be able to schedule any required retransmissions.
Also, techniques to reduce the UE power consumption and the HARQ-ACK feedback overhead could be studied. For example, since high reliability is targeted for XR traffic (99% PER) and most of the HARQ-ACK reporting will consist of ACKs, ACK could be skipped (for example in case all PDSCH occasions in one SPS cycle are all ACKs) to reduce the UE transmissions and save the UE power consumption. Also, the HARQ-ACK feedback overhead could be reduced by sending a single bit for all PDSCH occasions of one SPS cycle (using an AND function). This requires further study as it although reduces the HARQ-ACK feedback overhead it is not very resource efficient for PDSCH transmissions as some successful PDSCH could be retransmitted if one or some other PDSCHs in the same SPS cycle have failed. 
Also, if the UE misses one or some of the multiple PDSCH occasions it should be aware of which occasion has been missed to report the correct HARQ-ACK feedback. 
Another option is to have PUCCH resources allocated per PDSCH occasion in the SPS cycle to quickly report the HARQ-ACK feedback and allow the network to prepare and send retransmission quickly before the expiry of the PDB.  
Proposal 3:  Support Multiple PDSCH/PUSCH transmissions per SPS/CG cycle for XR service. 
Proposal 4: Use DMRS scrambling to identify PDSCH transmissions in the different PDSCH occasions in the SPS cycle. 
Dynamic Adaptation of SPS/CG parameters
Dynamic adaptation of the SPS parameters can be studied for better resource efficiency without the need to switch between different SPS configurations or the need for SPS activation/deactivation.
Dynamic adaptation of the SPS parameters can help address the jitter issue and the variability in frame size and it can be used with multi-PDSCH and multi-PUSCH transmissions for example to dynamically enable extra PDSCH/PUSCH occasions for large video frames and cancel/skip PDSCH/PUSCH occasions for small video frames to address the variability in frame sizes. It can also be used to delay or advance PDSCH/PUSCH occasions to address the jitter issue. 
Dynamic adaptation requires extra control overhead which goes against the motivation of using SPS/CG for reduced control overhead compared to DG. Hence, studying dynamic adaptation should consider the increased control overhead and how it penalizes the system capacity.
Also, for the dynamic adaptation, the UE may miss the reception of the dynamic signalling and this can compromise the signalling of the adaptation and the UE may not be able to receive the following occasions because of missing the new SPS parameters of the coming PDSCH occasions (e.g. new time/frequency resources, etc.) 
Also, for UL AR traffic, the UE needs to piggyback UCI or MAC CE information to request modification of the CG PUSCH occasions and the gNB needs to process the request and signal a dynamic control information to update the CG allocation. Hence, CG configuration type-2 is more adequate for UL AR traffic. This may require a lot of control overhead and adds to the latency. Hence, we propose to rely on the multiple simultaneously active CG configurations for UL AR traffic with some enhancement. 
Multiple simultaneously active CG configurations can be configured to match the UL AR traffic. 
 However, Rel-16 doesn’t support joint activation of multiple CG configurations. Therefore, one possible enhancement is to study the support of joint activation of multiple CG configurations by the same DCI for UL AR traffic.
Proposal 5: Study the dynamic adaptation of the SPS parameters for the scheduling of DL XR traffic while considering the increased control overhead.  
Proposal 6: Study the impact of the UE missing the reception of the dynamic adaptation of the SPS parameters for the scheduling of DL XR traffic. 
Proposal 7: Study the support of joint activation of multiple CG configurations with a single DCI for UL AR traffic. 

CBG-based transmissions for SPS
CBG based transmission is supported for dynamic scheduling to improve spectral efficiency. CBG should be considered for SPS if it is going to be used to transmit large XR video frames.
Also, CBG based transmission is not supported in the current URLLC/IIoT design. Multiple URLLC/IIoT features are useful for XR to enable low latency and high reliability transmission. It is worth exploring the support of CBG based transmission by these features. For example, the compact DCI could be useful for XR to reduce control overhead and improve control channel reliability but compact DCI doesn’t currently support CBG transmission. 
Proposal 8: Support CBG based transmission for SPS for the scheduling of XR traffic. 

BSR Enhancement
The network needs the UE to report assistance information quickly and accurately to facilitate efficient resource allocation and guarantee good QoE. In NR, gNB is informed of UE buffer size level by buffer status report (BSR) but since gNB does not know when the data arrives at UE’s buffer, gNB may not know exactly the amount of data that was pending for a long time. It may be beneficial to provide gNB with timing information as part of the BSR reporting. With this information, gNB could prioritize specific UEs and allocate resources efficiently to satisfy more UEs.
Proposal 9: Support providing timing information as part of the BSR reporting

Also, the UL XR traffic is constituted of multiple streams like pose/control information and UL AR video traffic, audio traffic,…etc. These streams have different delay requirements. Pose/control information has stricter latency requirement and should be delivered faster to meet its PDB. However, the BSR reporting doesn’t differentiate between these streams and Pose/Control information could be treated similarly as the UL AR video traffic by the gNB scheduler and may fail to be scheduled on time. 
Proposal 10: Support providing traffic priority information as part of the BSR reporting

Conclusion
In this contribution, we have presented several potential enhancements for the XR service that could be studied and explored further to enable XR service capacity enhancement.
We made the following proposals: 
Proposal 1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. 
Proposal 2:  Support alignment between the SPS/CG periodicites and the XR traffic. 
Proposal 3:  Support Multiple PDSCH/PUSCH transmissions per SPS/CG cycle for XR service. 

Proposal 4: Use DMRS scrambling to identify PDSCH transmissions in the different PDSCH occasions in the SPS cycle. 
Proposal 5: Study the dynamic adaptation of the SPS parameters for the scheduling of DL XR traffic while considering the increased control overhead.  
Proposal 6: Study the impact of the UE missing the reception of the dynamic adaptation of the SPS parameters for the scheduling of DL XR traffic. 
Proposal 7: Study the support of joint activation of multiple CG configurations with a single DCI for UL AR traffic. 
Proposal 8: Support CBG based transmission for SPS for the scheduling of XR traffic. 
Proposal 9: Support providing timing information as part of the BSR reporting
Proposal 10: Support providing traffic priority information as part of the BSR reporting
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