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


In this contribution we provide our views on potential enhancements for XR in Rel-18. 
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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
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 (e.g. video at 90 frames per second), DL SPS with over-provision has been considered a possible solution. As shown in Figure 2, 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 2 Over-provision for traffic with non-integer periodicity
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Figure 3 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 signaling mechanism to indicate to the UE the reception occasions with actual data transmission can be beneficial from UE power saving point of view.
Capacity enhancement
SPS/CG periodicity
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 4 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.  

We have
Proposal 3-1: introduce the support of non-integer periodicity for SPS configurations/Configured grant configurations. 

Configured grant enhancement
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. By not taking all the available PRBs, the intercell interference in uplink can be reduced. 

Another use case of reporting MCS level is to allow payload size breathing. One example can be constructed to illustrate the point: assume two configured grant configurations with different periodicities are activated on the same cell. It may happen that in a given slot,  two CG PUSCHs associated with them overlap. As simultaneous transmission of PUSCHs on the same cell is not supported (and should not be supported), in the current NR design, the UE has the choice to generate MAC PDU for one of them (say CG PUSCH-1), but the other one has to be dropped (CG PUSCH-2). Such a treatment may not be ideal, and CG PUSCH-2’s would-be MAC PDU has to wait. However, if the indication of MCS is supported, then the UE may be able to generate a large enough MAC PDU for both packets intended for both configured grants. 
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Figure 5 Using CG-UCI to adapt the transport block size
Proposal 3-2: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 

Key aspects for the study should include the TDD pattern’s impact on uplink transmission. In our view, the resource adaptation is more relevant to adjust the resource footprint within a single uplink transmission. For a CG transmission spanning multiple uplink slots, as there can be downlink slots sandwiched between uplink slots, which can be used for the network to send PDCCH to the UE, one can argue that DG grants offer more flexibility than CG transmission over multiple uplink slots, adapting the number of uplink transmissions  seems not that well motivated. 
Support of QoS enhancement 
Broadly we can see there can be roughly two approaches in providing traffic information to RAN: in Approach 1, only high-level and semi-static traffic information are provided to RAN. For each media stream, with periodicity/offset/packet size distribution, RAN enhancement for XR is already possible, and enhancement can be mostly constrained in the radio network part. 
Beyond that, with Approach 2, real-time traffic information is provided to RAN. For an IP packet, information such as ADU membership, latency budget, remaining packet size, I/P frame/slices identification may provide further benefit for a second approach where enhancements in RAN and core network are both necessary. It can be expected with detailed traffic information, RAN may be able to support more UEs with XR applications, e.g. through selectively discarding less important packets. How to support QoS enhancement such as PDU set at lower layers should be studied. 
On the same CC, simultaneous reception of overlapping unicast PDSCHs is not supported; and simultaneous transmissions of overlapping PUSCHs is not supported. With either dynamic grant PDSCH/PUSCH or configured grant PDSCH/PUSCH tailored for different traffic flows, then it is possible multiplexing packets from multiple data flows on the same MAC PDU/PxSCH. As those packets may have different QoS requirements, e.g. packet 1 is latency sensitive, packet 2 is not. If the first transmission of the MAC PDU over PxSCH is not successful, it may happen at the occasion when retransmission can take place, the latency bound of the packet 1 has been exceeded. In that case, performing retransmission for the packet 1 is a waste of resource. Whether and how to use code block group-based transmission to handle that can be study.  We have 
Proposal 3-3: Study whether code block group based transmission can be used to support QoS enhancement at lower layers.

Enhancements in buffer size reporting
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Figure 6 Buffer size levels (TS 38.321)
One table for buffer size levels from TS 38.321 is copied above. It can be seen SR provides quite little information about buffer size compared with BSR. Since XR traffic has some special characteristics:
· For audio stream/data stream, as it is almost of constant-bit rate, a single bit SR is sufficient
· For pose/control stream, as it is of constant-bit rate, a single bit SR is sufficient.
· For Video streams, the packet size follows a distribution (e.g., truncated Gaussian). As the range does not go from 10 bytes to 150000 bytes, only meaningfully distinctive values can be associated with the code states of SR. That in general motivates to consider multiple bits for a single SR. In one example, two bits for SR can be considered. Then 4 code states can be associated with different buffered data size. 


We have 

Proposal 3-4: study multiple bit SR design for buffer size reporting. The code states for a SR reporting can be associated different data sizes. 


HARQ/CSI feedback enhancements

CSI enhancements have been studied in the Rel-17 eIIoT/URLLC, without a clear direction where it should go. It can be also observed that proposed enhancements over there were motivated by quite diverse use cases. As XR traffic does provide some unique challenges and opportunities for system design, in our view, a component of CSI enhancements can be also included in Rel-18 XR.   

As some traffic stream of XR service can have a stringent latency requirement, the 2nd transmission is the only opportunity for the gNB to provide more coded bits to the UE, so they can be combined with previously received coded bits (LLRs) for successful decoding. As such, if a UE does not decode PDSCH successfully for the first transmission or for a retransmission when the latency bound is in danger of being exceeded, the more relevant information for the UE to provide is not merely the fact the UE fails to decode the transport block, rather how much more redundancy is needed from the gNB to allow the UE to decode the transport block in the next attempt, which can be the only chance for the UE to receive the transport block within the latency bound. From that, it is reasonable to allow the UE to indicate how much redundancy is needed further for the UE to decode the transport block. Also the UE can consider the current status of the soft buffer in its feedback to the gNB. In Rel-17 eIIoT/URLLC, a number of soft NACK/soft ACK schemes have been proposed; some of them target 10^-6 BLER which is not the typically required for XR. Nevertheless, we feel CSI enhancements can be important for achieving low latency & decent system capacity, and some of them may lead to suitable solution for XR.

We have 
Proposal 3-5: Study soft HARQ-ACK feedback according to PDSCH reception to support low latency traffic efficiently.
CSI Acquisition
Downlink CSI acquisition
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. Note in Rel-17 XR discussions, some companies stated that staggered packet arrivals from/for UEs can improve system capacity. With staggered periodic packet arrivals, it can be expected the interference pattern is almost periodic, and there can be difference between neighboring slots as different sets of UEs can be served at those slots. The somewhat prediction interference pattern and variation expected over neighboring slots suggests that 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. Considering that, then support of non-integer periodicity for CSI measurement/reporting becomes necessary.
Uplink CSI acquisition
Similar to the situation in DL, for uplink timely acquisition of UL CSI from SRS transmission is also needed. Note SRS transmission can be also used to acquire DL CSI information. Hence support non-integer periodicity for SRS can be also considered.

We have 
Proposal 3-6: 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: introduce the support of non-integer periodicity for SPS configurations/Configured grant configurations. 

Proposal 3-2: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 

Proposal 3-3: Study whether code block group based transmission can be used to support QoS enhancement at lower layers.

Proposal 3-4: study multiple bit SR design for buffer size reporting. The code states for a SR reporting can be associated different packet sizes. 

Proposal 3-5: Study soft HARQ-ACK feedback according to PDSCH reception to support low latency traffic efficiently.

Proposal 3-6: support non-integer periodicity for periodic/semi-persistent CSI measurement resources, CSI reporting and periodic/semi-persistent SRS transmission.
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Table 6.1.3.1-1: Buffer size levels (in bytes) for 5-bit Buffer Size field

Index BS value Index BS value Index BS value Index BS value
0 0 8 <102 16 <1446 24 < 20516
1 <10 9 <142 17 <2014 25 < 28581
2 <14 10 <198 18 < 2806 26 < 39818
3 <20 11 < 276 19 <3909 27 < 55474
4 <28 12 <384 20 < 5446 28 < 77284
5 <38 13 <535 21 < 7587 29 < 107669
6 <53 14 < 745 22 < 10570 30 < 150000
7 <74 15 <1038 23 < 14726 31 > 150000
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