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Introduction
[bookmark: _Hlk30969022]A study item of study on XR Enhancements for NR was approved in RAN#94e with the following objectives [1]:
	[bookmark: _Hlk30969040]Objectives on XR-awareness in RAN (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.
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.
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 discuss the capacity enhancement for supporting XR services.
Discussion
1. 
2. 
According to earlier RAN1 discussions on XR and CG traffic model, mean packet size is very large. Taking AR/VR 30Mbps as example, the packet arrival interval is 16.67ms and mean packet size is 62500 bytes, which requires near 10 slots if 100MHz bandwidth with 30kHz SCS is used for transmission and 16 QAM and 1/3 code rate is assumed. Once wideband PDSCH/PUSCH transmission is used, i.e. 10 dynamic grants are transmitted to schedule 10 PDSCHs/PUSCHs with 100MHz bandwidth during 17 slots, the overhead of dynamic grants is not large. To satisfy the latency requirement, one XR packet should be continuously transmitted as much as possible. Therefore, multi-PDSCH/PUSCH transmission scheduled by one DCI can be supported to further reduce the DCI overhead. Since multi-PDSCH/PUSCH transmission has been supported for NR up to 71GHz spectrum, the exiting mechanisms should be reused as much as possible.
Proposal 1: For multi-PDSCH/PUSCH transmission, the exiting mechanisms for NR up to 71GHz spectrum should be reused as much as possible.

XR service is a quasi-periodic traffic with jitter and various packet size, if SPS and configured grant transmission is used to support XR services, the following enhancement should be studied:
1) Non-integer period
In earlier RAN1 meetings, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the formula of arrival time of packet, the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms}. However, supported SPS periods are {10ms, 20ms, 32ms,…,640ms}, {1ms, 2ms, …640ms} for 15kHz, 0.5x {1ms, 2ms, …., 1280ms} for 30kHz, 0.25x {1ms, 2ms, …., 2560ms} for 60kHz and 0.125x {1ms, 2ms, …., 5120ms} for 120kHz, and supported configured grant periods are {1/7ms, 0.5ms ,1ms,…, 320ms, 640ms} for 15kHz, 0.5x {1/7ms,0.5ms, 1ms,…,1280ms} for 30kHz, 0.25x {1/7ms,0.5ms, 1ms, …,2560ms} for 60kHz. It is easy to observe that the periodicity of XR and periodicity of SPS/CG are not matched. The same problem also exits for DRX. We prefer to use the same principle [2] to solve the problem of non-integer period for DRX, search space set configuration and SPS/CG transmission.
Proposal 2: Use the same design principle to solve the periodicity mismatch between XR traffic and DRX, search space set configuration and SPS/CG transmission.

2) Jitter
Jitter is another character of XR and CG services. In R16 URLLC, multiple simultaneous activated configured grant configurations and SPS configurations was introduced, which can solve jitter issue. Specifically, multiple SPS configurations with the same period but different offsets are configured, and one of the multiple SPS PDSCHs is transmitted within one period, then redundant HARQ-ACK bits exist. SPS HARQ-ACK enhancement for jitter to reduce the HARQ-ACK overhead can be considered. For example, multiple SPS PDSCH occasions of multiple configurations configured for one service share one HARQ-ACK bit. One example is shown in Figure 1, SPS configuration 1~3 with the same period and different offsets are configured to solve the jitter problem, and UE reports one-bit HARQ-ACK for each period, i.e.:
· If none of SPS PDSCH 1~3 is correctly decoded within one period, NACK is reported;
· If any one of SPS PDSCH 1~3 is correctly decoded within one period, ACK is reported.


Figure 1: Multiple SPS PDSCH occasions share one HARQ-ACK bit
[bookmark: _GoBack][bookmark: _Hlk101951746]Proposal 3: SPS HARQ-ACK enhancement to reduce the HARQ-ACK overhead for jitter solution should be further studied.

3) Large packet size
As mentioned above, multi-PDSCH/PUSCH transmission per packet should be used to support XR and CG services. For SPS or configured grant transmission, how to transmit multiple PDSCHs/PUSCHs in each period should be studied. One example is that multiple PDSCH/PUSCH transmission occasions per period are configured for one SPS/CG configuration.  
Proposal 4: For SPS or configured grant transmission, allocate multiple PDSCH/PUSCH transmission occasions in each period should be further studied.

4) Various packet size
According to discussion on traffic model, packet size is not fixed. Taking AR/VR 30Mbps as example, maximum packet size is 93750 bytes but minimum packet size is 31250 bytes. Obviously, there exists large gap between maximum packet size and minimum packet size. However, the time/frequency transmission resources together with MCS would not be changed for legacy SPS/CG configuration once it is configured or activated. This is suitable for traffic with fixed packet size, unfortunately, it is not the case for XR and CG. So adaptive resource allocation for SPS and configured grant should be further studied. For example, UE transmits CG-UCI to early terminate the CG transmission. Specifically, when multiple PUSCH transmission occasions are configured for one CG configuration, CG-UCI, transmitted in the early PUSCH transmission occasion(s) within a given period, can indicate the last configured PUSCH transmission occasion(s) within the given period is dropped. When gNB receives CG-UCI indicating early termination, the remaining configured PUSCH occasion(s) in the current XR period can be dynamically scheduled for other transmissions to improve the system efficiency. The same principle is also applicable for SPS PDSCH. 
Proposal 5: Adaptive resource allocation for SPS transmission should be further studied.
Proposal 6: Early termination of the CG transmissions (in one XR period) should be further studied.
Conclusions
In this contribution, we discuss the capacity enhancement for supporting XR services with following proposals:
Proposal 1: For multi-PDSCH/PUSCH transmission, the exiting mechanisms for NR up to 71GHz spectrum should be reused as much as possible.
Proposal 2: Use the same design principle to solve the periodicity mismatch between XR traffic and DRX, search space set configuration and SPS/CG transmission.
Proposal 3: SPS HARQ-ACK enhancement to reduce the HARQ-ACK overhead for jitter solution should be further studied.
Proposal 4: For SPS or configured grant transmission, allocate multiple PDSCH/PUSCH transmission occasions in each period should be further studied.
Proposal 5: Adaptive resource allocation for SPS transmission should be further studied.
Proposal 6: Early termination of the CG transmissions (in one XR period) should be further studied.
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