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Introduction
In the RAN#98-e meeting, a new WI on XR Enhancements for NR was approved [1], and the objectives related to RAN1 are summarized as follows:
	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);



In this contribution, we provide our views on XR-specific capacity enhancements.   
Discussion
In existing uplink configured grant, repetition of CG PUSCH in each period are supported. For configured grant Type 1, the Nth (N >= 0) uplink grant occurs in the symbol (i.e., the first symbol of the first transmission occasion) for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
For configured grant Type 2, the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot+ slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
To support multiple CG occasions in one period, the above two equations can still be used to indicate the start of the first CG PUSCH occasion in a period. For time domain resource allocation for the subsequential CG PUSCH occasions, enhancement based on the existing resource allocation mechanisms for PUSCH repetition type A, repetition type B and multiple PUSCH scheduling can be a starting point, e.g., by replacing the parameter repK or cg-nrofSlots with a new parameter of the number of configured CG PUSCH occasions. In our view, considering the large packet size and stringent PDB requirement for XR traffic, enhancement based on PUSCH repetition type A can be prioritized, which is beneficial for both capacity and latency because multiple consecutive slots are utilized for PUSCH transmission.
Proposal 1: consider enhancement based on the existing PUSCH repetition type A, PUSCH repetition type B or multiple PUSCH scheduling to support time domain resource allocation for multiple CG PUSCH occasions in a single period.
In the last RAN1 meeting, CG-UCI and a new dedicated UCI are proposed as two candidates for the unused CG occasion(s) indication. In our view, since the CG-UCI is always transmitted together with a UL-SCH in a same CG transmission occasion, therefore it can be associated with a specific PUSCH transmission or a CG period naturally. On the contrary, if a dedicated UCI transmitted by a PUCCH is used to indicate the unused CG occasion(s), additional mechanism for the association between the UCI and CG PUSCH occasion(s) or a CG period is needed. 
Proposal 2: consider enhancement based on CG-UCI to indicate the unused CG PUSCH occasion(s) in a CG period.

For a CG period with multiple CG PUSCH occasions, UE may determine to use a subset of the CG occasions based on the buffer size and the TB size for each CG PUSCH occasion, therefore the configured multiple CG occasions may include a set of used CG occasions and a set of unused CG occasions. There are two issues for further study. The first one is whether the used CG occasions should be consecutive or not. Using consecutive CG occasions may lead to smaller latency than the case of non-consecutive CG occasions, however it may lose some flexibility. The second issue is whether the used CG occasions should always start from the first CG PUSCH occasion. If the XR packets always arrive and finish the processing before the starting of the CG period, then it is reasonable to start the transmission from the first CG PUSCH occasion. However, if an XR packet arrives later than the starting of the first CG occasion due to the jitter effect, then it is not possible to start the transmission from the first CG PUSCH occasion. Therefore, we have the following proposal.
Proposal 3: for a CG period with M configured CG PUSCH occasions (), consider three options:
· UE uses N consecutive CG PUSCH occasions () starting from the first CG PUSCH occasion;
· UE uses N consecutive CG PUSCH occasions () starting from the kth CG PUSCH occasion ();
· UE can use any N of the M CG PUSCH occasions ();
In the existing CG PUSCH, since only one TB is transmitted in each CG period, there is only one HARQ process ID in each CG period, and the HARQ process ID is determined based on the symbol index of the first symbol of the first CG PUSCH occasion in a CG period. Therefore, the determination of HARQ process ID should be enhanced to support multiple HARQ process IDs for the multiple CG PUSCH occasions in each period. A straightforward way is to allocate a HARQ process ID for each CG PUSCH occasion. However, since the actually used CG occasions are dynamically determined, it is not necessary to allocate a HARQ process ID to an unused CG occasion. It can be considered to determine the HARQ process IDs only for the used CG PUSCH occasions based on the indication in the UCI.
Proposal 4: study HARQ process ID enhancement to support multiple CG occasions in a single CG period, and consider to allocate HARQ process ID only for used CG occasions.
Another issue for the unused CG occasion indication is the UCI repetition and retransmission. Since the actually used CG occasions are dynamically indicated by a UCI, if the UCI is miss-detected by gNB, gNB will not know the reason of a CRC check failure is a miss-detection or an unused CG occasion, consequently it will not know whether a retransmission should be scheduled. Therefore, mechanism for UCI repetition and UCI retransmission can be considered to enhance the reliability.
Proposal 5: consider repetition and retransmission mechanism for the UCI for unused CG occasions indication.
	
Conclusion
In this contribution, we discuss the XR specific capacity enhancements, and the following proposals are made:
Proposal 1: consider enhancement based on the existing PUSCH repetition type A, PUSCH repetition type B or multiple PUSCH scheduling to support time domain resource allocation for multiple CG PUSCH occasions in a single period.
Proposal 2: consider enhancement based on CG-UCI to indicate the unused CG PUSCH occasion(s) in a CG period.
Proposal 3: for a CG period with M configured CG PUSCH occasions (), consider three options:
· UE uses N consecutive CG PUSCH occasions () starting from the first CG PUSCH occasion;
· UE uses N consecutive CG PUSCH occasions () starting from the kth CG PUSCH occasion ();
· UE can use any N of the M CG PUSCH occasions ();
Proposal 4: study HARQ process ID enhancement to support multiple CG occasions in a single CG period, and consider to allocate HARQ process ID only for used CG occasions.
Proposal 5: consider repetition and retransmission mechanism for the UCI for unused CG occasions indication.
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