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1. [bookmark: _Toc120549591]Introduction
In the last 110bis-e meeting [1], the following agreements and conclusions are made:
Agreement
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 
Conclusion
No further discussion in RAN1 for Rel-18 XR to extend the support of legacy single DCI scheduling multi-PDSCHs for FR2-2, to other SCS in FR1/FR2-1.
Conclusion
The capacity gain performance results in R1-2208661, R1-2209658 and R1-2209198 corresponding to enhancements based on multi-PDSCH scheduling by a single DCI are captured in XR SI TR
Conclusion
Study on enhancement for CBG based HARQ-ACK feedback reporting is down-prioritized in RAN1 XR SI.
Conclusion
The following proposed enhancements techniques to improve XR capacity performance are down-prioritized in RAN1 XR SI:
· (P3-5-3) Study on PHR enhancement based on XR traffic arrival periodicity or UL pose periodicity.
· (P3-5-4) Study mechanism of packet dropping based on the PDB requirement, to avoid resource waste due to the out-of-date packets.
Agreement
· For further study the mechanisms to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells, consider at least the following:
· Capacity performance evaluation results
· Complexity analysis and RAN2 impact
Conclusion
· Study of soft HARQ-ACK and Delta MCS in RAN1 XR SI for improving XR capacity is down-prioritized.
· Note: The corresponding capacity gain performance results in R1-2210003, R1-2208377 and R1-2203607 are captured in XR SI TR.
Conclusion
· Study on enhanced CQI based on CBG transmission, and study on enhanced CQI based on DMRS for improving XR capacity are down-prioritized in RAN1 XR SI.
· Note: The corresponding capacity gain performance results in R1-2208402 and R1-2209536 are captured in XR SI TR.
Conclusion
Study on Cooperative MIMO via DL interference probing based on SRS enhancement for improving XR capacity is down prioritized in RAN1 XR SI.
Note: The corresponding capacity gain performance results in R1-2208377 are captured in XR SI TR.
Conclusion
No consensus to continue study on differentiation of XR multiple flows based on CG enhancement in RAN1 XR SI.
Conclusion
No consensus to continue study of multi-bits SR mechanisms for capacity improvement of XR traffic in RAN1 XR SI.
In this contribution, we will provide our views on XR-specific capacity enhancements techniques.
2. Discussion
2.1 CG enhancements
Due to the quasi-periodic characteristic of XR traffic, CG can be considered to schedule the XR UL traffic. Compared with dynamic scheduling/grant (DG), CG can reduce dynamic signaling overhead and transmission delay introduced by SR and/or BSR. Once a CG configuration is configured by RRC signaling (Type 1) or activated by a DCI signaling (Type 2), the TBS and MCS of data transmitted on the CG occasions will not change unless the CG configuration is reconfigured or reactivated. This indicates that the legacy CG is suitable for periodic services with constant packet size. However, XR UL scene traffic frames have variable and large packet sizes with the presence of jitter. Therefore, enhancements on the legacy CG should be studied to accommodate the XR traffic characteristics. We will discuss the enhancements from the following three aspects.
2.1.1 Multiple PUSCH transmission occasions in a CG period
Due to the large data sizes of XR UL scene traffic frames, it may need multiple TBs to transmit a video frame. Hence, an enhanced CG is considered to support multiple PUSCH transmission occasions in a CG period. The detailed solutions include:
Scheme #1: Multiple CG configurations and joint activation.
Scheme #2: Using multi-slot TDRA for a CG configuration.
Regarding Scheme #1, multiple Type 2 CG configurations are configured to UE, and then jointly activate one or more of the multiple CG configurations. In the current specification, up to 12 CG configurations can be configured in one BWP of a serving cell and multiple CG configurations can be jointly deactivated via a single DCI. However, joint activation of multiple CG configurations based on a single DCI has not been supported. The challenge of single DCI based activation of multiple CG configurations lies in the complexity involved in DCI format design and the increased DCI size because multiple CG configurations can have different parameters, e.g., PRBs, MCS, etc. Hence, the benefit of single DCI based activation of multiple CG configurations should be further justified.
Regarding Scheme #2, this solution is similar to single DCI scheduling multiple TBs via configuring multiple SLIVs across slots in the TDRA table.
Due to the variable frame size and non-integer periodicity of XR traffic and the existence of a jitter, configuring multiple PUSCH transmission occasions with fixed MCS/resource allocation in a CG period will result in low resource efficiency. For example, considering the varying packet size, the number of CG occasions is usually configured based on the maximum packet size to satisfy the PDB requirement, which will cause a waste of resources when packets with small sizes are transmitted.
Therefore, further enhancements on the dynamic adaptation of CG parameters/configurations and non-integer periodicity for CG transmissions should be considered.
Proposal 1. Multiple PUSCH transmission occasions can be supported in a CG period for one CG configuration, e.g., using multi-slot TDRA for a CG configuration.
2.1.2 Dynamic adaptation of CG parameters/configurations
To accommodate the variable frame size of XR traffic, one implementation method is to reactivate or update the CG configuration (timing/frequency resources, MCS, etc.) using DCI with CS-RNTI when the packet size changes, but this will introduce extra PDCCH monitoring overhead and signaling overhead. Therefore, dynamic adaptation of CG parameters/configurations can be introduced to enhance CG to support variable packet sizes. Regarding this, some potential solutions as listed below have been considered.
Scheme #1: CG parameters/configurations adaptation for one CG configuration.
Scheme #2: CG occasions skipping/release.
Regarding Scheme #1, the network can dynamically change the timing/frequency resources, MCS, etc. for one CG configuration. The indication of CG parameters/configurations adaptation can be carried in a new simplified DCI with a small payload size. This can reduce the PDCCH monitoring overhead since the PDCCH monitoring occasions of the new simplified DCI can be between one or more CG occasions. 
As clarified in clause 2.1.1, configuring multiple PUSCH transmission occasions with fixed MCS/resource allocation in a CG period will result in low resource efficiency, thus a CG occasions skipping/release mechanism in Scheme #2 should be further introduced to improve resource efficiency. To this end, two methods can be provided:
· Dynamic indication to the UE to modify PUSCH occasions. For example, gNB sends a release DCI to UE indicating to skip a set of CG occasions. 
· Dynamic indication of the unused CG PUSCH occasions by the UE. In this method, multiple PUSCHs transmission occasions are configured in a CG period according to a large frame size, then an indication signaling of unoccupied PUSCH occasions can be reported by UE to gNB, so that those resources can be released and utilized for other types of service. A new UCI can be used to indicate the unused PUSCH occasions, where the UCI format design and when to send this UCI can be further studied.
The above solutions allow for the adaptation of CG parameters/configurations to fit the XR traffic characteristics.
[bookmark: _Hlk109895946]Proposal 2. CG parameters/configurations adaptation can be considered for XR service and the adaptation indication can be carried in a simplified DCI with a small payload size;
[bookmark: _Hlk115338534]Proposal 3. Combining multiple PUSCH transmission occasions and CG occasions skipping/release can improve resource efficiency, e.g., using a new UCI signaling to indicate the unused PUSCH resources.
2.1.3 Non-integer periodicity for CG transmissions
For XR video traffic, the frame generation rate determines the periodicity of frame arrival, e.g., an XR traffic with a 60fps frame generation rate means XR frames arrive periodically every 1/60≈16.67ms second. This non-integer periodicity leads to a mismatch between XR traffic and the CG configurations because the periodicity of CG in the current specification can only be an integer number of slots. To solve such a non-integer periodicity issue, an intuitive method is using multiple sets of CG configurations. However, it is not an efficient way due to the decrease in resource efficiency. Therefore, the following enhancements to the CG configuration are provided.
Scheme #1: Configure a CG periodicity set or pattern that contains multiple CG periodicities and apply this pattern cyclically in the time domain. For example, a CG periodicity pattern of {16ms, 17ms, 17ms} can be used to align with XR traffic with a 60fps frame rate.
Scheme #2: Non-integer CG periodicity.
Scheme #3: Periodically adjust the CG periodicity by using a dynamic indication.
These solutions are similar to those provided to align the XR traffic periodicity and C-DRX cycle. The CG periodicity pattern in Scheme #1 is configured through RRC signaling. Hence, this solution has a low signaling overhead, a small impact in terms of specification changes, and a simple implementation. 
Regarding Scheme #2, a new rational CG periodicity will be added for each non-integer XR traffic periodicity and ceiling operations in CG occasion calculation formula should be added, which would result in more specification changes and more complex implementation. 
Regarding Scheme #3, the dynamic indication will cause an extra dynamic signaling overhead. 
Based on the above analysis, it is suggested to further study the configuration of the CG periodicity set or pattern in Scheme #1.
Proposal 4. Configure a CG periodicity set or pattern that contains multiple CG periodicities and apply this pattern cyclically in the time domain.
3. Conclusions
In this contribution, some potential XR-specific capacity enhancement techniques are discussed, and the following proposals are made.
Proposal 1. Multiple PUSCH transmission occasions can be supported in a CG period for one CG configuration, e.g., using multi-slot TDRA for a CG configuration.
Proposal 2. CG parameters/configurations adaptation can be considered for XR service and the adaptation indication can be carried in a simplified DCI with a small payload size;
[bookmark: _GoBack]Proposal 3. Combining multiple PUSCH transmission occasions and CG occasions skipping/release can improve resource efficiency, e.g., using a new UCI signaling to indicate the unused PUSCH resources.
Proposal 4. Configure a CG periodicity set or pattern that contains multiple CG periodicities and apply this pattern cyclically in the time domain.
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