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1. Introduction
RAN2#119 has discussed the XR-capacity enhancement in RAN and reached the following agreement in [2]:
	· As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).
· 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. Should justify why enhancements are needed. 
· RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.


In this contribution we further discuss on XR-specific capacity improvement on SPS/CG etc. 
2. [bookmark: Proposal_Beacon]Discussion
2.1 SPS and CG enhancements
Considering XR traffic jitter and XR packet variable size, dynamic scheduling seems to be a good tool to be used to serve the XR traffic. Nonetheless, SPS/CG can be used to exploit quasi-periodic nature of video frame arrivals without the need for DCI and/or SR signalling. SPS/CG enhancements can help with addressing XR traffic jitter and variable size. For instance, multiple SPS/CG configurations having the same periodicity with SPS/CG resources of different size and different starting time can be used along with blind decoding to adapt to variable packet size and arrival time. If UE transmits data on one CG, the remaining CG resources are not used for data transmission and should be reassigned in order to avoid the resource wastage. 

Further, in XR applications such as immersive online gaming and a smart helmet, latency-sensitive set of data collected from multiple cooperating sensors/devices (e.g. motion sensors, cameras, and audio devices) of a UE may need to be uploaded to an XR server within a certain time window for real-time rendering and/or virtual control of machines or other objects. Similarly, multiple packets of different QoS requirements for the multiple cooperating devices of the UE may need to be downloaded from an application server in a quasi-synchronous manner. Thus, SPS/CG enhancements such as joint activation of multiple SPS/CG configurations (potentially with different periodicities) for an indicated duration can address handling of multiple different traffics of different QoS requirements in a quasi-synchronous manner with reduced DL and UL control singling overhead. Furthermore, one additional enhancement would be to consider the application of different drx timer value for different SPS/CG configuration in order to cater for the different QoS requirements of the traffic flows.

Proposal 1: Study SPS/CG enhancements to address XR traffic variable packet size and arrival time and quasi-synchronous communication of multiple flows. Enhancements may include:
· Enabling, within a SPS/CG period, multiple SPS/CG occasions/configurations having the same periodicity with SPS/CG resources of different size and starting time
· Joint activation of multiple SPS/CG configurations for an indicated duration to handle multiple traffics of different QoS requirements in a quasi-synchronous manner with reduced control signalling overhead
[image: ]
Figure 1. An example of the arrival jitter of UL XR traffic

Considering XR traffic jitter and XR packet variable size, dynamic scheduling seems to be a good tool to be used to serve the XR traffic based on BSR. As mentioned in our XR-awareness contribution, the varying frame encoding delay for one traffic flow may introduce packet arrival jitter range at AS layer from upper layer, which is less than DL case and about 3ms. RAN generally deduce the buffer delay at UE AS layer by receiving BSR and preconfigured periodical arrival time. If less CG is configured for BSR transmission, it will cause transmission delay. One possibility is to allocate multiple CG occasions with same and small size in one CG period to cover the UL jitter as possible and avoid the BSR transmission delay, and the size of the CG is just enough to include BSR transmission. However, legacy multiple CG configuration has multiple activate/deactivate signalling overhead and delay. 
Therefore, we propose a semi-static multiple slot allocation for one CG configuration for CG type 2 or type 1 may be also considered for overhead reduction like the repetition configuration. After transmitting BSR on a CG, the remaining data is up to dynamic scheduling transmission. How to avoid the resource wastage can be discussed in RAN2. For example, the remaining CG occasions can be ignored by UE and the NW can re-allocate it for other purpose. Compared to the legacy multiple CG configuration, for example of CG type 2, only one activate/deactivate signalling is needed, thus multiple activate/deactivate signalling overhead and pre-emption signalling overhead can be saved.

Observation 1 The varying frame encoding delay for one traffic flow may introduce packet arrival jitter range at AS layer from upper layer, which is less than DL case.
Observation 2 To allocate multiple CG occasions with same and small size in one CG period to cover the UL jitter as possible and avoid the BSR transmission delay.
Observation 3 Legacy multiple CG configuration has multiple activate/deactivate signalling overhead and delay.
Proposal 2: To enable multiple CG occasions with same resources size within one CG period for one CG configuration in order to adapt the variable arrival time caused by the coding jitter and reduce the multiple CG management signaling overhead. How to avoid the resource wastage can be discussed in RAN2.
2.2 PHR
If gNB receives upfront some power headroom information from the UE, the NW can provide efficient UL scheduling and consequently shorten the transmission time of the UE, which will ultimately also lead to increased system capacity. To ensure a timely PHR, an UL DCI can trigger a PHR, e.g., when a first TB of an PDU set is scheduled.

Proposal 3: Study techniques providing timely PHR, e.g., UL DCI triggering a PHR.

To better match the PHR timers with the XR traffic arrival times, and hence provide a more accurate PHR, new timer values can be proposed for instance, derived based on the XR traffic arrival periodicity or UL pose periodicity.

Proposal 4: Study if PHR should be further enhanced based on XR traffic arrival periodicity or UL pose periodicity.
3. Conclusion
In this contribution, we discuss XR-specific capacity improvements. We have the following proposals:
Proposal 1: Study SPS/CG enhancements to address XR traffic variable packet size and arrival time and quasi-synchronous communication of multiple flows. Enhancements may include:
· Enabling, within a SPS/CG period, multiple SPS/CG occasions/configurations having the same periodicity with SPS/CG resources of different size and starting time
· Joint activation of multiple SPS/CG configurations for an indicated duration to handle multiple traffics of different QoS requirements in a quasi-synchronous manner with reduced control signalling overhead

Observation 1 The varying frame encoding delay for one traffic flow may introduce packet arrival jitter range at AS layer from upper layer, which is less than DL case.
Observation 2 To allocate multiple CG occasions with same and small size in one CG period to cover the UL jitter as possible and avoid the BSR transmission delay.
Observation 3 Legacy multiple CG configuration has multiple activate/deactivate signalling overhead and delay.
Proposal 2: To enable multiple CG occasions with same resources size within one CG period for one CG configuration in order to adapt the variable arrival time caused by the coding jitter and reduce the multiple CG management signaling overhead. How to avoid the resource wastage can be discussed in RAN2.
Proposal 3: Study techniques providing timely PHR, e.g., UL DCI triggering a PHR.
Proposal 4: Study if PHR should be further enhanced based on XR traffic arrival periodicity or UL pose periodicity.
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