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1. Introduction
The following objective was captured in the WID on XR enhancements for NR [1]:
	Specify the enhancements related to capacity:
-
Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  

-
Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);

-
BSR enhancements including at least new BS Table(s); (RAN2);
-
Delay reporting of buffered data in uplink; (RAN2);
-
Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);

-
Discard operation of PDU Sets (RAN2);


In this contribution we discuss potential enhancements to capacity with RAN2 impacts.
2. Discussion
2.1. Enhancements to BS tables

Typically, when the UE sends BSR, it sends an index which corresponds to the amount of data in the indicated LCG is within a certain range. Therefore, by nature of BSR, there is always a quantization error. The larger the amount of data in the UE buffer, the larger the quantization error. For XR traffic, the UE is transmitting video frames which can correspond to large PDU sets/data bursts, hence resulting in the possibility of that quantization error getting very large on several instances with the transmission of video traffic. As such, enhancements to BSR tables can be considered such as additional levels to increase the reporting granularity and larger values that match closely with the payload sizes for XR traffic. This allows for more accurate reporting of the amount of data in the UE buffer when sending BSR.

Proposal 1:
Increase the number of indices in BS tables for more granular reporting when UE sends BSR.   

Proposal 2:
Increase the size of the ranges in BS tables to correspond to XR traffic payload sizes for more accurate reporting when UE sends BSR.
With the need to enhance BS tables comes the need to introduce enhancements to BSR format to align with the BS table enhancements. As per legacy procedure, the UE is configured to trigger short BSR when it has data buffered in only one LCG and long BSR when it has data buffered in more than one LCG (up to 8 LCGs). Short BSR only consists of 8 bits, with 3 bits used to identify the LCG with buffered data, leaving the UE with only 5 bits to indicate the amount of data in its buffer. With more granularity added to the BSR table, the UE needs to be able to indicate more than 32 indices as is currently the case. Usage of long BSR while the UE may only have data in one LCG would involve unnecessary overhead. As such, enhancements to the short BSR format are needed to align with a more granular BSR table.

Proposal 3:
Short BSR format can be enhanced to align with enhancements to BS tables.
2.2. Enhancements for triggering BSR for PDU sets
In the legacy approach, BSR is triggered in two instances; firstly, when new data arrives in any of the LCHs associated with an LCG provided that all other LCHs are empty, and secondly when new data arrives in an LCH of higher priority than any LCH that might still have data buffered. In these two instances, the UE is configured to trigger a BSR to indicate the data payload size closest to a value in a configured BSR table. As such, the one instance where the existing BSR triggering mechanism is not sufficient is when a PDU set with lower priority arrives at an LCH buffer right after after a PDU set of higher priority such that the higher priority PDU set has not yet cleared its LCH buffer (e.g., some PDUs might have remained in the higher priority LCH buffer). In such a case, the lower priority PDU set runs the risk of remaining in the LCH buffer until the expiry of the PSDB. One way to address this issue would be the addition of another condition for triggering BSR when a PDU set arrives in an LCH buffer, irrespective of the priority of the LCH. This, however, may result in high signalling overhead due to frequent triggering of BSR. 

Another approach would be triggering BSR for a PDU set only when the remaining time for delivering the PDU set approaches a deadline associated with the PSDB. For high priority PDU sets, the BSR can be triggered immediately after the arrival into the LCH buffer, as per legacy triggering conditions. In the case of lower priority PDU sets, the UE can keep track of the remaining time with respect to the deadline and not send any explicit indication to the gNB unless the deadline is approaching. This approach involves less signalling overhead while allowing the scheduler to allocate resources on a timely basis for meeting the PSDB.
Proposal 4:
BSR can be triggered based on conditions associated with PDU set attributes (e.g., remaining time with respect to PSDB).   
In SA2 TR23.700-60 [2], it is indicated that the first PDU in a PDU Set can carry information on the PDU Set, e.g., PDU set size, number of PDUs in PDU set. For minimizing latency due to scheduling and for receiving resources in time, the UE can use the information in the first PDU of the PDU set to trigger BSR ahead of time, without having to wait for all the PDUs in the PDU Set to be received from higher layers. The BSR can include information on the entire PDU set, including the PDU set payload size. This can provide the scheduler sufficient time to allocate the resources to the UE for meeting the PSDB during UL transmission.  
Proposal 5:
BSR can be triggered based on the arrival of the first PDU of PDU set.  
2.3. Delay information relevant to PDU sets 
In the legacy approach, delay information for transmitting PDUs is not explicitly conveyed by the UE to the gNB in BSR. Instead, the delay information can be estimated at scheduler when allocating resources based on the priority of the constituent LCHs in the LCG indicated by the UE in BSR. 

One of the objectives captured in the WID [1] is delay reporting of buffered data in the uplink. As was discussed during RAN2#119bis-e [3], the PSDB can be provided to the RAN semi-statically from the CN. If BSR is triggered closely after the arrival of a PDU set, the PSDB together with information on the PDU set payload size in BSR can provide sufficient information to the scheduler to estimate the remaining time at any intermediary point where some PDUs in the PDU set have been transmitted while others have not. Providing PSDB dynamically will result in extra signalling overhead and, in most cases, will not be useful.
Observation 1:
Semi-static timing information (e.g., PSDB) and dynamic information on PDU set size are sufficient for gNB to estimate “remaining time” if the BSR is triggered closely after the arrival of a PDU set.

However, as discussed in section 2.2, there could be scenarios where the BSR is not triggered when the PDU set arrives. In this case, the PDU set can end up in an LCH buffer for a long time with the gNB unaware of the arrival time and time spent in buffer. To ensure the PSDB is met, the remaining time can be determined by the UE as the difference between the over-the-air PSDB and the time spent in the buffer, and dynamically reported to the gNB.
Observation 2:
Dynamic reporting of the remaining time to gNB can be useful in a few scenarios when the BSR is not triggered immediately after the PDU set arrives.
Proposal 6:
UE can send dynamic report of the remaining time for PDU set (e.g., difference between the over-the-air PSDB and the time spent by the PDU set in LCH buffer).
2.4. Configuration and parameters for multi-PUSCH CG

During RAN2#119bis-e it was agreed that CG configurations will be useful for XR traffic since pose information and video traffic generally consist of periodic UL transmissions [3]. CG would allow minimizing the overhead (e.g., by avoiding SR/BSR) during each data transmission occasion. In legacy procedures, CG can be configured via RRC and activated (e.g., DCI) based on the knowledge of traffic pattern at gNB. In this case, the parameters of CG (e.g., periodicity, start offset, grant size per occasion) can be configured in UE to align with the traffic pattern. 
When supporting XR traffic in UL, the video encoder at the UE may generate different types of video frames (e.g. I-frame, P/B-frame) at a particular frame rate (e.g. 60fps, 90fps). The generated video frames or the corresponding PDU sets may consist of variable payload sizes at each periodic occasion. For supporting such traffic, the WID [1] includes an objective to specify multiple CG PUSCH transmission occasions in a CG period.
During UL transmission, multiple PDUs in a PDU set may need to be delivered in multiple TBs within a PSDB. In this regard, the different TBs may be delivered in multiple PUSCH occasions, where each PUSCH occasion can consist of multiple symbols. For ensuring that the different TBs can be delivered within the delay bound, each slot in a CG period can be configured with one or multiple PUSCH occasions. In this case, when multiple slots are associated with a single CG period (e.g. in a TDD frame), each CG period can contain multiple PUSCH occasions. Such configuration for multi-PUSCH CG can be done with RRC signalling as per legacy. Figure 1 illustrates the multi-PUSCH CG configuration.
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Figure 1: An illustration of multi-PUSCH CG configuration consisting of 4 consecutive PUSCH occasions per slot and 2 slots per CG period.

The Rel-16 NR-U CG [4] supports configuring multiple PUSCH occasions per slot and multiple slots in a CG period. However, in Rel-16 such parameters can be configured only under the restriction of configuring the cg-RetransmissionTimer, associated with HARQ and autonomous retransmission. For multi-PUSCH CG enhancements, since the R16 NR-U CG configuration allows for more flexibility and reduces spec impact, the parameters from NR-U can be reused as baseline without the restriction. 

Proposal 7: 
Reuse at least the following CG parameters from R16 NR-U CG for the configuration of multi-PUSCH CG

· Number of consecutive PUSCH occasions per slot 

· Number of slots per CG period
3. Conclusion
In this contribution, the following observations and conclusions are made:
Enhancements to BS tables
Proposal 1:
Increase the number of indices in BS tables for more granular reporting when UE sends BSR.   

Proposal 2:
Increase the size of the ranges in BS tables to correspond to XR traffic payload sizes for more accurate reporting when UE sends BSR.

Proposal 3:
Short BSR format can be enhanced to align with enhancements to BS tables.
Enhancements for triggering BSR for PDU sets

Proposal 4:
BSR can be triggered based on conditions associated with PDU set attributes (e.g., remaining time with respect to PSDB).   

 Proposal 5:
BSR can be triggered based on the arrival of the first PDU of PDU set.  

Delay information relevant to PDU sets

Observation 1:
Semi-static timing information (e.g., PSDB) and dynamic information on PDU set size are sufficient for gNB to estimate “remaining time” if the BSR is triggered closely after the arrival of a PDU set.

Observation 2:
Dynamic reporting of the remaining time to gNB can be useful in a few scenarios when the BSR is not triggered immediately after the PDU set arrives.

Proposal 6:
UE can send dynamic report of the remaining time for PDU set (e.g., difference between the over-the-air PSDB and the time spent by the PDU set in LCH buffer).
Configuration and parameters for multi-PUSCH CG
Proposal 7: 
Reuse at least the following CG parameters from R16 NR-U CG for the configuration of multi-PUSCH CG

· Number of consecutive PUSCH occasions per slot 

· Number of slots per CG period
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