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1. Introduction
Regarding XR-specific capacity improvements, the following Objectives are in the Rel-18 WID:
Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)

Note: Impacts to RAN3 will be assessed at RAN#99


In this contribution we provide our views on the 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
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 unfortunately note the tempo mismatch issue may not be addressed through the support of new CG periodicity in Rel-18. Due to that, one issue is the start time of a CG period may not be aligned with the arrival of traffic. For example, even if the misalignment may be small at the activation time of Type 2 CG configuration, with the pass of time, the misalignment can become large. 

We have
Observation: as the tempo mismatch issue for configured grants may not be addressed through the support of new CG periodicity in Rel-18, it is expected that the start time of a CG period may not be aligned with the arrival of traffic.

Configured grant enhancement

With the objectives in the WID:

Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);

Key aspects for the study should include the TDD pattern’s impact on uplink transmission. In our view, the resource adaptation is relevant to adjust the resource footprint within a single uplink transmission or a single contiguous uplink transmission. 

For UL, embedded signaling can be used to adapt the transport block size. For example, as shown in Figure 1, 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 1: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 


 We see two approaches to adjust PUSCH resource according to data buffer size on the UE side. The first one is with a frequency domain adjustment approach. The second one is with a time-domain adjustment approach.


Frequency domain resource adjustment approach
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Figure 2 Frequency domain resource adjustment

For the first approach, the number of PRBs can be adjusted according to the data buffer size. To allow coordination without involving signaling exchange between UE and network, the PUSCH resource adjustment rule for each UE can be different or complementary. In one example, UE 1 and UE 2 both have grants over PRBs 1~20. For partial PUSCH transmission, UE 1 can start from the lowest-indexed PRB (PRB1) with partial usage such as PRBs 1~12, and UE 2 can start from the highest-index PRB (PRB 20) with partial usage such as PRBs 15~20. 

Time domain resource adjustment approach

For the second approach, the number of occasions can be adjusted according to the data buffer size.
Two sets of candidates for PUSCH partial transmission can be used respectively for two UEs, e.g., Set 1 for UE 1 and Set 2 for UE2. Similar to the first approach, collision between UE 1 and UE 2 can be avoided at times. With such an approach, statistical sharing of resources between UEs may be possible. As discussed under the topic of tempo mismatch, another key consideration is the misalignment between the start of a CG period and the arrival of traffic. In example 1, packets for a video frame arrive in time so the first and second occasions are taken, the UCI embedded in PUSCH indicates to the network the resource usage. In the example, the UCI indicates that the first occasion and the second occasion are occupied. With that, the network may be able to allocate other UEs to transmit over occasions not taken by the UE.  In example 2, packets for a video frame are not available at the first occasion, but they are available from second occasion on. A simplistic treatment would be to defer the transmission of those packets to the next CG period, which would add to the latency experienced by those packets and stringent QoS requirements for them may not be met consequently. Hence a reasonable treatment is to allow the transmission to start in a later occasion after the first occasion, e.g., the 2nd occasion and third occasion as in the illustration. We note once UE behaviors as in Example 1 and Example 2 are allowed, there may be ambiguity at the network side: assuming for both cases the UCI indicates the use of two occasions, if the network decodes such a UCI at the second occasion it might be at a loss to determine whether the third occasion & fourth occasion are vacated as in Example 1 or only the fourth occasion is vacated as in Example 2. We have

Proposal 2: UCI signaling supports the indication of the starting occasion and the number of occupied occasion(s). 
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Figure 3 Example 1
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Figure 4 Example 2
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Figure 5 Partial PUSCH usage in the time domain
 Proposal 3: support partial resource/occasion usage in the frequency domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 4: support partial resource/occasion usage in the time domain to allow statistical multiplexing of UE traffics minimizing collision.

 For TDD, with a UL/DL pattern like DDDSU, the number of available uplink symbols may not be the same in every slot. To better utilization UL resources, it can be allowed the number of OFDM symbols for each PUSCH can be different. 

Proposal 5: CG PUSCH occasions with the same CG configuration can be associated different number of OFDM symbols.
Conclusion
In this contribution, we provide our views on enhancement for XR. We have 

Observation: as the tempo mismatch issue for configured grants may not be addressed through the support of new CG periodicity in Rel-18, it is expected that the start time of a CG period may not be aligned with the arrival of traffic.

Proposal 1: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 

Proposal 2: UCI signaling supports the indication of the starting occasion and the number of occupied occasion(s). 

Proposal 3: support partial resource/occasion usage in the frequency domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 4: support partial resource/occasion usage in the time domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 5: CG PUSCH occasions with the same CG configuration can be associated different number of OFDM symbols.
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