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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
1.1 TDRA
In RAN1#112b-e, the following agreements on TDRA of multi-PUSCHs CG were agreed:
	Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue



In existing type 1 uplink configured grant, 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 existing 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 determine the start of the first CG PUSCH occasion in a period. For the subsequential CG PUSCH occasions, enhancement based on the existing resource allocation mechanisms for PUSCH repetition type A, repetition type B, NR-U 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, consecutive time domain resource allocation is more preferred (i.e., repetition or NR-U based method), which is beneficial for both capacity and latency, and supporting non-consecutive TDRA based on the enhancement of existing multi-PUSCH scheduling is not necessary. 
Proposal 1: support consecutive time domain resource allocation based on Alt-A1 or Alt-B.
1.2 UTO-UCI design
In the last RAN1 meeting, for the UTO-UCI design it is agreed that:
	Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.




For a CG period with multiple CG PUSCH occasions, UE may determine to use a subset of the CG occasions when the buffer size is relatively small, therefore the configured multiple CG occasions may include a set of used CG occasions and a set of unused CG occasions. Consider the stringent PDB requirement, it is beneficial if UE always use consecutive CG occasions after the XR traffic data arrived, and leave the remaining CG PUSCH occasions (if any) unused. On the other hand, it is not reasonable that UE intentionally leaves some CG PUSCH occasions vacant when it still has data in the buffer. Although the agreed bitmap based scheme can indicate non-consecutive unused TOs naturally, we think it is more reasonable that UE always use consecutive TOs. Considering the impact unpredicted jitter, UE may not use the first one or more TOs if the packets has not arrived. Therefore, it is reasonable that UE can indicate the first one or more TOs and the last one or more TOs as unused TOs.
Proposal 2: support UE indicating the first one or more TOs and/or the last one or more TOs as unused TOs based on the bitmap.
Another issue for the unused CG occasion indication is whether the UTO-UCI can be transmitted multiple times to enhance the reliability, e.g., based on repetition or retransmission.  Considering the number of actually used CG occasions in a CG period is dynamically determined by UE and indicated in the UCI, therefore, if the UCI is miss-detected by gNB, gNB will not know whether a specific CG PUSCH occasion in the CG period is actually used or not. Consequently, if a CRC check failure occurs in a specific CG PUSCH occasion, gNB will not know the reason is an unused occasion or a miss-detection, and it is not able to make decision on whether a retransmission should be scheduled for this CRC check failure. Therefore, UCI repetition or retransmission can be considered to enhance the reliability.
Proposal 3: consider repetition and retransmission mechanism for the UTO-UCI.
1.3 HARQ enhancement
In RAN1#112, the following agreements on HARQ enhancements are made:
	Agreement
From RAN1 perspective, for determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (Working Assumption) The HARQ process ID of the remaining configured/valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.




The remaining issue for the HP ID formula is mainly about the value of X, Y, offset 1 and offset 2. In our view, the HP ID formula can work well if X = the number of configured PUSCHs in the CG period, Y=1, offset 1 = 0 and offset 2 = 0, it is not necessary to make it more complicated.
Proposal 4: regarding the HP ID determination, support X = the number of configured PUSCHs in the CG period, Y = 1, offset 1 = 0 and offset 2 = 0.
1.4 Timeline issue
In RAN1#112, some timeline issues caused by multi-PUSCHs CG were raised. Fig. 1 gives an example of the time instance when a CG PUSCH occasion can be reused by another UE. As indicated in the figure, the earliest reusable CG PUSCH occasion should start not earlier than Tproc,2 after the end of an available transmission occasion of a scheduling DCI. Therefore, whether a specific unused CG PUSCH occasion can be reused is associated with the frame structure and the assumption of Tproc,2. If the number of the actually required CG PUSCH occasion is small (e.g., one or two in the following figure), it is possible that one of more CG PUSCH occasions before the time instance is unnecessary for transmitting a MAC PDU set. However, since these unnecessary CG PUSCH occasions cannot be reused by other UE, transmitting the information of the unnecessary CG PUSCH occasions in the UCI is meaningless. 



Fig.1 An example of the time relation of the UCI, scheduling DCI and the time instance after that an unused CG PUSCH occasion can be reused (i.e., only the unused CG PUSCH occasions after T0, if any, can be reused)

Another timeline issue related to the multi-PUSCHs CG is the PUSCH preparation time when a DG-PUSCH would overlap in time with a CG-PUSCH. In the existing specification, an additional PUSCH cancellation time is needed if the overlap would happen. However, if the CG PUSCH occasion is already indicated as unused by the UCI before gNB has sent the scheduling DCI, the additional cancellation time is not needed. 
Proposal 5: study the timeline issues due to the multi-PUSCHs CG, including
a) how to handle the unused CG PUSCH occasion(s) and the UCI content if the time offset from the UCI to the unused CG PUSCH occasion(s) is smaller than the minimum preparation time for reusing the unused CG PUSCH occasion
b) if a high priority DG-PUSCH indicated by a scheduling DCI would overlap in time with a low priority CG-PUSCH occasion, how the PUSCH preparation time of the DG-PUSCH will be impacted if the low priority CG-PUSCH occasion is indicated as unused before the scheduling DCI.

Conclusion
In this contribution, we discuss the XR specific capacity enhancements, and the following proposals are made:
Proposal 1: support consecutive time domain resource allocation based on Alt-A1 or Alt-B.
Proposal 2: support UE indicating the first one or more TOs and/or the last one or more TOs as unused TOs based on the bitmap.
Proposal 3: consider repetition and retransmission mechanism for the UTO-UCI.
Proposal 4: regarding the HP ID determination, support X = the number of configured PUSCHs in the CG period, Y = 1, offset 1 = 0 and offset 2 = 0.
Proposal 5: study the timeline issues due to the multi-PUSCHs CG, including
a) how to handle the unused CG PUSCH occasion(s) and the UCI content if the time offset from the UCI to the unused CG PUSCH occasion(s) is smaller than the minimum preparation time for reusing the unused CG PUSCH occasion
b) if a high priority DG-PUSCH indicated by a scheduling DCI would overlap in time with a low priority CG-PUSCH occasion, how the PUSCH preparation time of the DG-PUSCH will be impacted if the low priority CG-PUSCH occasion is indicated as unused before the scheduling DCI.
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