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1. Introduction
RAN2#119bis has discussed the schedule enhancement in RAN and reached the following agreement in [1]:
	1: Current CG configurations can be reused for UL XR traffic. FFS if enhancements are needed (RAN1 is already discussing something). RAN2 can discuss this in the next meeting.
2: RAN2 can discuss potential enhancement to provide some assistant information on UL XR traffic for CG configurations at the gNB. FFS whether TSCAI can already provide all necessary information.


In this contribution we further discuss on XR-specific capacity improvement on CG/SPS and UAI. 
2. [bookmark: Proposal_Beacon]Discussion
2.3  UAI enhancement
It is stated that traffic jitter is associated with each periodicity for UL and DL traffic of the traffic flow SA2 LS[2]. 
	8.X	Interim Conclusion for Key Issue #8
The following information, to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, is taken as baseline for normative work: 
-	Periodicity for UL and DL traffic of the QoS Flow. In addition to integer periodicity values, non-integer values associated to, e.g., 45FPS, 60 FPS, 90FPS, 120FPS, shall be supported. Such information shall be exchanged by re-using/extending the TSCAI/TSCAC definitions in TS 23.501 clause 5.27.2.1. 
-	Traffic jitter information associated with each periodicity.


We observe the DL jitter due to the coded delay is known by application server, while the UL jitter due to the coded delay is more known by application at UE, UE needs to notify this to the server by application signalling first and then CN sends it to NG-RAN. Since SA2 mainly focus on the discussion on the downlink traffic, it’s not sure SA2 has already covered the jitter for UL traffic. From RAN2 point of view, the UL jitter awareness is useful for the CG configuration to match the UL traffic arrival and it is preferred that UE transmits the UL jitter information, e.g. for a bearer, to NG-RAN via UAI. 

Proposal 1: UE transmits the UL jitter information, e.g. per radio bearer, to NG-RAN via UAI.
2.2  Enhancement CG for multiple CG occasions in one CG period
[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 reuse the legacy multiple CG configuration. We observe it incurs multiple activate/deactivate signalling overhead and delay. Another 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. 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. And the multiple CG occasions can be a good option, e.g., if a UE does not support many CG configurations. And last RAN1 meeting make an agreement for CG enhancement:
	· To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 



[bookmark: _Hlk118239928]From RAN2 point of view, we propose a semi-static multiple slot allocation for one CG configuration for CG type 2 and type 1, e.g. by reusing the nrofSlots IE introduced in Rel-16. To avoid the signalling overhead due to the HARQ process ID in the UCI, RAN2 can consider to adapt the HARQ ID determination formula in order to ensure that different HARQ ID is assigned for each CG occasion in one CG period. To avoid the low efficiency transmission of small TB transmission on the small CG grants, after transmitting BSR on a CG occasion, even there are further available CG occasions, UE could hold the remaining data of the DRB to be transmitted and wait for dynamic large grant scheduling transmission. Furthermore, UE should indicate the remaining to be unused/skipped CG occasions to the NW such that the NW can re-allocate it for other purpose. 

Proposal 2: Support enabling multiple CG occasions with same TB size within one CG period for one CG configuration.
Proposal 3: HARQ process ID formula should be adapted to assign different HARQ IDs for the multiple CG occasions within one CG period.
Proposal 4: UE indicates the to be unused/skipped CG occasions to the NW.
2.3  Multiple CG/SPS 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 5: 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 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.
3. Conclusion
In this contribution, we discuss XR-specific capacity improvements. We have the following proposals:
Proposal 1: UE transmits the UL jitter information, e.g. per radio bearer, to NG-RAN via UAI.
Proposal 2: Support enabling multiple CG occasions with same TB size within one CG period for one CG configuration.
Proposal 3: HARQ process ID formula should be adapted to assign different HARQ IDs for the multiple CG occasions within one CG period.
Proposal 4: UE indicates the remaining unused CG occasions to the NW.
Proposal 5: 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 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.
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