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1. [bookmark: _Toc120549591]Introduction
In last RAN1#110 meeting [1], the following agreements and conclusions are made:
Agreement
RAN1 to make decision on the following in RAN1#110bis-e
· Support single DCI scheduling multi-PDSCHs/PUSCHs which is currently supported for FR2-2 to other SCS in FR1/FR2
Conclusion
There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement
Agreement
When DG is used as the baseline scheme, for the performance evaluation scheduling, after SR is triggered, both BSR and UL data can be transmitted using the UL grant after SR.
· Companies are encouraged to provide the size of resources by the first UL grant after SR
Agreement
Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
· Note that companies should indicate if and what BSR enhancement is assumed in their RAN1 proposals on CG and DG enhancements.
· RAN1 can evaluate BSR enhancement to improve capacity performance
Agreement
Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.
Agreement
Deprioritize the study of intra/inter UE prioritization/multiplexing enhancements to improve XR capacity performance.
In this contribution, we will provide some views on XR-specific capacity enhancements techniques, including SPS/CG enhancements and dynamic scheduling/grant (DG) enhancements.
2. Discussion
2.1 SPS/CG enhancements
Due to the quasi-periodic characteristic of XR traffic, SPS/CG can be considered to schedule the XR DL/UL traffic. Compared with dynamic scheduling/grant (DG), SPS/CG can reduce dynamic signaling overhead and transmission delay. Once an SPS/CG configuration is activated or configured, the TBS and MCS of data transmitted on the SPS/CG occasions will not change unless the SPS/CG configuration is reactivated. This indicates that the SPS/CG is suitable for periodic services with constant packet size. However, XR DL video and UL scene traffic frames have variable and large packet sizes with the presence of a jitter. Therefore, enhancements on the legacy SPS/CG should be studied to accommodate the XR traffic characteristics. We will discuss the enhancements from the following three aspects.
2.1.1 Multiple PDSCH/PUSCH transmission occasions in a SPS/CG period
Due to the large data sizes of XR traffic frames, one of the enhancements for SPS/CG is to support multiple PDSCH/PUSCH transmission occasions in an SPS/CG period. The detailed solutions include:
Scheme #1: Multiple SPS/CG configurations and joint activation.
Scheme #2: Using multi-slot TDRA for an SPS/CG configuration.
Regarding Scheme #1, multiple SPS/CG configurations are configured to UE, and then jointly activate one or more of the multiple SPS/CG configurations. However, up to 8 SPS/CG configurations are supported in the current specification, so configuring multiple SPS/CG configurations for UE to handle XR service may have a negative effect on the SPS/CG configurations associated with other types of services. 
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 PDSCH/PUSCH transmission occasions with fixed MCS/resource allocation in an SPS/CG period will result in low resource efficiency. For example, considering the varying packet size, the number of SPS/CG occasions is usually configured based on the maximum packet size to satisfy the PDB requirement, which will cause a waste of resources when the packets with small sizes are transmitted.
Therefore, further enhancements on the dynamic adaptation of SPS/CG parameters/configurations and non-integer periodicity for SPS/CG transmissions should be considered.
Proposal 1. Multiple PDSCH/PUSCH transmission occasions can be supported in an SPS/CG period for one SPS/CG configuration.
2.1.2 Dynamic adaptation of SPS/CG parameters/configurations
To accommodate the variable frame size of XR traffic, one implementation method is to reactivate or update the SPS/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 SPS/CG parameters/configurations can be introduced to enhance SPS/CG to support variable packet sizes. Regarding this, some potential solutions as listed below have been considered.
Scheme #1: SPS/CG parameters/configurations adaptation for one SPS/CG configuration.
Scheme #2: SPS/CG occasions skipping/release.
Regarding Scheme #1, the network can dynamically change the timing/frequency resources, MCS, etc. for one SPS/CG configuration. The indication of SPS/CG parameters/configurations adaptation can be carried in a new simplified DCI with a small payload size or in an SPS PDSCH. The former can reduce the PDCCH monitoring overhead since the PDCCH monitoring occasions of the new simplified DCI can be between one or more SPS/CG occasions. For the latter, similar to the case that UCI multiplexing on PUSCH, the adaptation indication is carried in SPS PDSCH without any additional PDCCH monitoring at the cost of a larger processing delay. In addition, some resource mapping rules may also need for UE to differentiate the SPS/CG parameters/configurations adaptation indication bits and DL-SCH in one PDSCH. 
As clarified in clause 2.1.1, configuring multiple PDSCH/PUSCH transmission occasions with fixed MCS/resource allocation in an SPS/CG period will result in low resource efficiency, thus a SPS/CG occasions skipping/release mechanism in Scheme #2 should be further introduced to improve resource efficiency. To this end, two methods can be provided:
· Use release signaling to temporarily disable a set of SPS/CG occasions for a time duration. Specifically, gNB sends a release DCI to UE indicating to skip a set of SPS occasions. An indication signaling of unoccupied PUSCH occasions can be reported by UE to gNB, so that those resources can be utilized for other types of service.
· Introduce the SPS/CG set switching mechanism. Similar to the SSSG switching in PDCCH monitoring adaptation, an SPS/CG set switching mechanism will be achieved if one DCI can activate a set of SPSs/CGs and release another set of SPSs/CGs simultaneously. 
The above solutions allow for the adaptation of SPS/CG parameters/configurations to fit the XR traffic characteristics.
[bookmark: _Hlk109895946]Proposal 2. SPS/CG parameters/configurations adaptation can be considered for XR service and the following alternatives can be further studied:
· Alt 1: The indication is carried in a simplified DCI with a small payload size;
· Alt 2: The indication is carried in SPS PDSCH.
[bookmark: _Hlk115338534]Proposal 3. Combining multiple PDSCH/PUSCH transmission occasions and SPS/CG parameters/configurations adaptation can improve resource efficiency, where a quick deactivation signaling can be used to release the unused PDSCH/PUSCH resources.
2.1.3 Non-integer periodicity for SPS/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 SPS/CG configurations because the periodicity of SPS/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 SPS/CG configurations. However, it is not an efficient way due to the decrease in resource efficiency. Therefore, the following enhancements to the SPS/CG configuration are provided.
Scheme #1: Configure an SPS/CG periodicity set or pattern that contains multiple SPS/CG periodicities and apply this pattern cyclically in the time domain. For example, an SPS/CG periodicity pattern of {16ms, 17ms, 17ms} can be used to align with XR traffic with a 60fps frame rate.
Scheme #2: Non-integer SPS/CG periodicity.
Scheme #3: Periodically adjust the SPS/CG periodicity by using a dynamic indication.
These solutions are similar to those provided to align the XR traffic periodicity and CDRX cycle. The SPS/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 SPS/CG periodicity will be added for each non-integer XR traffic periodicity and ceiling operations in SPS/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 SPS/CG periodicity set or pattern in Scheme #1.
Proposal 4. Configure an SPS/CG periodicity set or pattern that contains multiple SPS/CG periodicities and apply this pattern cyclically in the time domain.
2.2 DG enhancements
2.2.1 Single DCI scheduling multi-PDSCHs/PUSCHs
Due to the large and varying packet sizes of XR traffic frames, the network may often need to allocate several TBs (slots) to deliver a DL/UL video/scene frame. In this case, multiple DCIs need to be sent to allocate resources for UE when utilizing the normal DG, which will cause high DCI overhead. Therefore, the single DCI scheduling multi-PDSCHs/PUSCHs supported in FR2-2 and NR-U is a natural choice to serve XR traffic.
However, some advanced XR services have multiple traffic streams (e.g. video, audio, haptic data, etc.), which are always mapped to different QoS flows with different QoS characteristics and may be transmitted on the same TTI. If data from different QoS flows is multiplexed in the same TB, a lower code rate may be used to ensure the reliability of the data with high importance, hence reducing overall throughput. In addition, the latency requirement of multiple traffic streams transmission of XR service is stricter, so how to schedule multi-flow transmission more finely on the same TTI needs to be studied. Therefore, enhancements on the single DCI scheduling multi-PDSCHs/PUSCHs should be studied for XR service. The following identifies some directions of the enhancements.
Eeh #1: Different configurations per PDSCH/PUSCH in a single DCI grant.
In FR2-2, the MCS and FDRA fields are constant for all the PDSCHs/PUSCHs scheduled by a single DCI. Since the XR service which different QoS flows have different requirements (e.g., importance, reliability, etc.) and packet sizes, different transmission parameters (e.g., MCS, frequency resources, etc.) are preferred to be indicated for different TBs. This enhancement can not only ensure the reliable transmission of data with high importance but also transmit data with low importance with the best effort and also reduce the DCI signaling overhead as well as not impact the DCI processing capability of UE.
[bookmark: _GoBack]Eeh #2: Change the behaviour of one or more of the PDSCHs/PUSCHs granted by the single DCI.
Considering the multi-flow XR traffic with different flow periodicity and QoS, some PDSCHs/PUSCHs resources will be wasted if one or partial of the initial TBs has not been transmitted correctly as illustrated in Figure 1, where the initial TB#1, TB#2 and TB#4 are transmitted correctly except for TB#3. In this case, the resources related to TB#1, TB#2, and TB#4 are wasted in re-transmission because only HPN#3 needs re-transmission indeed. 


Figure 1. Wasted resources of single DCI scheduling multiple PDSCHs/PUSCHs
Therefore, to utilize the multiple PDSCH/PUSCH resources scheduled by a single DCI more efficiently, the unused PDSCH/PUSCH resources can be utilized for other TB’s repetition to improve the retransmission performance as shown in Figure 2. In other words, we think dynamic change between single TB transmission per PDSCH/PUSCH and TB repetition on multiple PDSCHs/PUSCHs can be supported for single DCI scheduling multi-PDSCHs/PUSCHs to utilize the single DCI scheduling PDSCHs/PUSCHs resources more efficiently.


Figure 2. TB repetition on multiple PDSCHs/PUSCHs
[bookmark: _Hlk115338565][bookmark: _Hlk111218013]Proposal 5. Different configurations per PDSCH/PUSCH in a single DCI grant, e.g., MCS, frequency resources can be considered for the extension of single DCI scheduling multi-PDSCHs/PUSCHs in FR2-2 to FR1/FR2.
[bookmark: _Hlk111219530]Proposal 6. For single DCI scheduling multi-PDSCHs/PUSCHs, dynamic change between single TB transmission per PDSCH/PUSCH and TB repetition on multiple PDSCHs/PUSCHs can be supported. 
3. Conclusions
In this contribution, some potential XR-specific capacity enhancement techniques are discussed, and the following proposals are made.
Proposal 1. Multiple PDSCH/PUSCH transmission occasions can be supported in a SPS/CG period for one SPS/CG configuration.
Proposal 2. SPS/CG parameters/configurations adaptation can be considered for XR service and the following alternatives can be further studied:
· Alt 1: The indication is carried in a simplified DCI with a small payload size;
· Alt 2: The indication is carried in SPS PDSCH.
Proposal 3. Combining multiple PDSCH/PUSCH transmission occasions and SPS/CG parameters/configurations adaptation can improve resource efficiency, where a quick deactivation signaling can be used to release the unused PDSCH/PUSCH resources.
Proposal 4. Configure an SPS/CG periodicity set or pattern that contains multiple SPS/CG periodicities and apply this pattern cyclically in the time domain.
Proposal 5. Different configurations per PDSCH/PUSCH in a single DCI grant, e.g., MCS, frequency resources can be considered for the extension of single DCI scheduling multi-PDSCHs/PUSCHs in FR2-2 to FR1/FR2.
Proposal 6. For single DCI scheduling multi-PDSCHs/PUSCHs, dynamic change between single TB transmission per PDSCH/PUSCH and TB repetition on multiple PDSCHs/PUSCHs can be supported. 
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