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1. Introduction
A new Rel-18 Work Item for XR enhancements in NR has been approved in RAN#98-e [1]. Multiple enhancements related to the system capacity are to be specified in RAN1 and RAN2 including [1]:
-	 Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration 
-	 Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
In this Tdoc, we propose some techniques to specify the enhancements above. 

2. Multiple CG PUSCH transmission occasions
The support of multiple PUSCH occasions in a CG period is beneficial to reduce latency for XR and improve performance.
Rel-16 NR-U specification includes the use of CG with multiple CG PUSCH occasions within a period. The Rel-16 NR-U feature should be considered the baseline for this XR enhancement in Rel-18. 
The current parameters cg-nrofPUSCH-InSlot and cg-nrofSlots of the RRC parameter structure   ConfiguredGrantConfig defined in 3GPP TS 38.331 could be re-utilized to configure multiple PUSCH transmission occasions per CG period on licensed spectrum for XR, as these parameters are currently only supported for unlicensed spectrum operation when the RRC parameter cg-RetransmissionTimer is configured. Hence, the current restriction that the network can only configure these fields if cg-RetransmissionTimer is configured can be relaxed for the XR traffic.
As captured in TS 38.214 clause 6.1.2.3, the higher layer parameter cg-nrofSlots determines the number of consecutive slots allocated within a given CG period. The cg-nrofPUSCH-InSlot parameter configures the number of consecutive PUSCH allocations within each slot. The first allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions. Subsequent allocations have the same length, PUSCH mapping type and are appended without gaps. The same combination of start symbol, length and PUSCH mapping type repeats over the consecutively allocated slots.
The Rel-16 NR-U scheme described above can be extended to XR as is, but further improvements can be made to make it more suitable for the XR traffic. 

Proposal 1: The  Rel-16 NR-U multiple CG PUSCH transmission occasions scheme can be extended to XR with some enhancements.
The specified NR-U scheme relies on a retransmission timer (cg-RetransmissionTimer) for autonomous retransmissions. If the UE does not receive an acknowledgment for the previous CG retransmission after this timer expires, it considers the transmission to have been unsuccessful and automatically initiates another transmission. 
For XR and instead of the NR-U autonomous retransmission scheme (used mainly because the gNB can have difficulty acquiring a COT to send a DCI scheduling the retransmission), the configuredGrantTimer used with the CG legacy scheme could be applied for each HARQ process associated with each PUSCH occasion of the multiple CG PUSCH transmission occasions.  If the CG timer expires and the UE does not receive an UL DCI scheduling a retransmission then the UE can consider the corresponding HARQ transmission as successful and can consider the HARQ process released and could be used for another transmission. 

Proposal 2: The legacy configuredGrantTimer can be used for each PUSCH occasion of the multiple CG PUSCH transmission occasions instead of the cg-RetransmissionTimer used in NR-U.
In the legacy Configured Grant, the UE does not receive dynamic scheduling for PUSCH transmission. Therefore, the UE is required to derive the HARQ Process Number associated with each PUSCH transmission using the following formula specified in 38.321: 
HPI = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes
Where:
CURRENT_symbol = (SFN x SlotsPerFrame x SymbolsPerSlot) + (SlotNumber x SymbolsPerSlot) + SymbolNumber
Where SymbolsPerSlot is 14 for normal CP and 12 for ECP. The SFN is the system Frame Number. SlotNumber is the slot number within which the PUSCH starts. The SymbolNumber is the symbol number at which the PUSCH starts. 
The gNB configures the UE with the number of HARQ processes and the periodicity. This is done using the ConfiguredGrantConfig information. The gNB will also dynamically schedule the UE with the HARQ retransmissions for configured grants. In that case, the gNB signals the HARQ process number associated with the requested retransmission in the scheduling DCI. 
The existing formula has a limitation and cannot be applied as is for the case of multiple PUSCH occasions in the CG period as all PUSCH occasions in the same CG period will get the same HARQ Process Number. 
We propose below to adjust the legacy CG formula to take the multiple PUSCH occasions in the CG into consideration.
HPI = [N *floor( CURRENT_symbol / periodicity)   + I ] modulo nrofHARQ-Processes
where the N defines the number of PUSCH occasions in the CG period and I is the index of the PUSCH occasion in the CG period. The index I can be in the range from 0 to N.
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Proposal 3: Ajust the HARQ Process ID formula to take the multiple CG PUSCH occasions into consideration.
To optimize PDCCH monitoring for retransmissions and reduce the PDCCH signalling overhead and reduce the UE monitoring effort, the UE could be instructed to monitor PDCCH after the transmissions of all PUSCH occasions in the CG period.  A single DCI scheduling multiple PUSCH retransmissions could be used to schedule all failed retransmissions at once.

Proposal 4: Single DCI scheduling multiple PUSCH occasions retransmission should be used to reduce PDCCH signalling overhead and the UE monitoring effort.
Alternatively, DCI format 0_1 scrambled with CS-RNTI to carry a HARQ-ACK bitmap for all HARQ processes transmitted in the CG period (and previous CG periods) could be used and the UE can send the retransmissions in the next CG periods subject to non-expired delay budget. Currently the DFI flag is one bit when cg-RetransmissionTimer is configured and it is set to ‘0’ when activating/releasing type 2 CG transmission and set to ‘1’ to be used as CG-DFI. The DFI flag should be re-utilized for the XR traffic even when cg-RetransmissionTimer is not configured. A new RRC parameter could be defined to activate the DFI flag for the XR traffic.
With the scheme described above, the DCI only reports the HARQ-ACK feedback for the CG-PUSCH occasions and the UE retransmits the failed transmissions using the allocated CG-PUSCH occasions eliminating the need for the dynamic scheduling of the retransmissions.

Proposal 5: DCI format 0_1 scrambled with CS-RNTI and with the DFI flag enabled and set to 1 can be used for the UL XR traffic to carry the HARQ-ACK bitmap for all HARQ processes transmitted in the CG periods.
The UE can also piggy-back a CG-UCI on the CG-PUSCH occasions to signal the associated HARQ Process Identifier and also set the NDI to the pre-defined value to indicate an initial transmission or a retransmission. 
In TDD mode and if the existing parameters cg-nrofPUSCH-InSlot and cg-nrofSlots defined for Rel-16 NR-U are to be re-used to configure multiple PUSCH transmission occasions per CG period for the XR traffic on the licensed spectrum, then cg-nrofSlots could be specified to be counted only on UL slots and the counter is not incremented for DL slots. For example, if cg-nrofSlots is equal to 4 and the TDD pattern is DDDUU, then cg-nrofSlots is counted over two successive TDD patterns. 
Proposal 6: The design of multiple CG-PUSCH transmission occasions should take into considertation the operation in TDD. 
3. Dynamic indication of unused CG PUSCH occasion(s)

Providing assistance information to the gNB is always useful. gNB doesn’t have much awareness about the UL AR traffic and further information from the UE about the need to cancel unused CG-PUSCH occasions can help optimize the gNB scheduling. When UL AR packets arrive at the UE modem, the UE can determine the number of the CG-PUSCH occasions required to transmit the packets and can signal this information to the gNB. This allows the network to free some CG-PUSCH occasions and recycle them to schedule other UEs which results in better system capacity and spectral efficiency. 

This will help mitigate the limitation of using multiple CG-PUSCH transmission occasions in the CG period for the UL AR traffic. In fact, the resources semi-statically allocated for the UL AR data transmission may become over-allocated for some UL AR frames since the gNB does not receive an accurate BSR in time. This can decrease the overall capacity of the system. To mitigate this limitation, it was agreed in the SI that the UE should be able to dynamically inform the gNB via UCI (e.g., CG-UCI or a new UCI) of any unused PUSCH occasions and the gNB can reallocate the freed resources to other UE transmissions which is expected to increase the system capacity.
The Rel-16 NR-U CG-UCI or another dedicated UCI could be used to dynamically indicted the unused PUSCH occasions. A new field could be introduced in the CG-UCI to indicate the PUSCH occasions that the UE is not planning to use.  

Proposal 8: Introduce a new bit-field in the CG-UCI to allow the UE to signal to the gNB which CG-PUSCH occasions it will not be using.  
We propose using a bitmap as the new bit-field in the CG-UCI. This bitmap would have a size in bits equal to the number of PUSCH occasions configured in the CG period. 
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Each bit in the bit-map would indicate whether the corresponding CG-PUSCH occasion is going to be used or cancelled. And to ensure efficient signalling and allow enough time for the gNB to recycle the cancelled PUSCH occasions, this CG-UCI carrying the bitmap could be sent at the first transmitted CG-PUSCH occasion in the CG period. 
However, the scheme above comes with extra signalling overhead as the UE needs to signal the indication for all the CG-PUSCH occasions even those maintained.
To minimize the signalling overhead, another alternative is to send the cancellation information on the last CG-PUSCH occasion to be used by the UE in that particular CG period. This would require only one bit for the indication and would cancel all remaining PUSCH occasions in the CG cycle. 
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However, it should be noted that this approach reduces the time available for the gNB to recycle the PUSCH occasions and schedule other UEs which could impact the overall system capacity. 

Proposal 9: To improve system efficiency by cancelling unused CG-PUSCH occasions: 
· Option 1: Use a bitmap in the signalled UCI on the first CG-PUSCH occasion in the CG period to indicate which CG-PUSCH occasions are to be used and which ones are to be cancelled
· Option 2: Can a specific range of CG occasions by signalling the start and the length of the range or the start and the end of the range of
· Option 3: Send a single indication on the last CG-PUSCH occasion to be used in the CG period which would cancel all remaining CG-PUSCH occasions.
Further studies are needed to evaluate the trade-offs in these options in the proposal above and select the optimum solution.
Conclusion
In this contribution, we have presented several proposals to for the  
We made the following proposals: 

Proposal 1: The  Rel-16 NR-U multiple CG PUSCH transmission occasions scheme can be extended to XR with some enhancements.
Proposal 2: The legacy configuredGrantTimer can be used for each PUSCH occasion of the multiple CG PUSCH transmission occasions instead of the cg-RetransmissionTimer used in NR-U.
Proposal 3: Ajust the HARQ Process ID formula to take the multiple CG PUSCH occasions into consideration.
Proposal 4: Single DCI scheduling multiple PUSCH occasions retransmission should be used to reduce PDCCH signalling overhead and the UE monitoring effort.
Proposal 5: DCI format 0_1 scrambled with CS-RNTI and with the DFI flag enabled and set to 1 can be used for the UL XR traffic to carry the HARQ-ACK bitmap for all HARQ processes transmitted in the CG periods.
Proposal 6: Different DMRS configurations should be allowed for the different CG-PUSCH occasions in the same CG period.
Proposal 7: The design of multiple CG-PUSCH transmission occasions should take operation in tSassi071138+he TDD mode into considertation. 
Proposal 8: Introduce a new bit-field in the CG-UCI to allow the UE to signal to the gNB which CG-PUSCH occasions it will not be using.  
Proposal 9: To improve system efficiency by cancelling unused CG-PUSCH occasions: 
· Option 1: Use a bitmap in the signalled UCI on the first CG-PUSCH occasion in the CG period to indicate which CG-PUSCH occasions are to be used and which ones are to be cancelled
· Option 2: Can a specific range of CG occasions by signalling the start and the length of the range or the start and the end of the range of
· Option 3: Send a single indication on the last CG-PUSCH occasion to be used in the CG period which would cancel all remaining CG-PUSCH occasions.

References
[1] [bookmark: _Ref125548390]RP-223502, “New WID on XR Enhancements for NR” Nokia, Qualcomm, 3GPP TSG RAN Meeting #98-e, Dec. 2022
[2] [bookmark: _Ref126595492][bookmark: specType1][bookmark: specNumber][bookmark: specVersion][bookmark: issueDate][bookmark: specRelease]3GPP TR 38.838 V17.0.0 (2021-12) Study on XR (Extended Reality) Evaluations for NR (Release 17)






2
image2.emf



PUSCH1 PUSCH2 PUSCH3 PUSCH4 PUSCH5 PUSCH1 PUSCH2



XR traffic periodicity ( e.g. 16.67 ms)



1 1 1 0 0



CG-UCI cancellation bit-field



Slot # n











image3.emf



PUSCH1 PUSCH2 PUSCH3 PUSCH4 PUSCH5



XR traffic periodicity ( e.g. 16.67 ms)



Cancellation Indication takes place in any PUSCH occasion



It cancels all remaining PUSCH occasions



PUSCH1 PUSCH2











image1.emf



CG-
PUSCH-1



CG-
PUSCH-2



CG-
PUSCH-3



CG-
PUSCH-4



CG Periodicity (e.g., sym3x14)



cg-nrofPUSCH-CG-Cycle = 4



CG-
PUSCH-1



CG-
PUSCH-2



CG-
PUSCH-3



CG-
PUSCH-4



HPN =4* 0 +0



HPN =4* 0 + 1



HPN =4* 0 + 2



HPN = 4*0 + 3



N = 4
roundown( current_symbol_occasion / periodicity) = 0
I  = 0



N = 4
roundown( current_symbol_occasion / periodicity) = 0
I = 3



HPN =4* 1 +0



HPN =4* 1 + 1



HPN =4* 1 + 2



HPN = 4*1 + 3



N = 4
roundown( current_symbol_occasion / periodicity) = 1 
I = 0



N = 4
roundown( current_symbol_occasion / periodicity) = 1
I = 3



Slot#N










CG-

PUSCH-1

CG-

PUSCH-2

CG-

PUSCH-3

CG-

PUSCH-4

CG Periodicity (e.g., sym3x14)

cg-nrofPUSCH-CG-Cycle = 4

CG-

PUSCH-1

CG-

PUSCH-2

CG-

PUSCH-3

CG-

PUSCH-4

HPN =4* 0 +0

HPN =4* 0 + 1

HPN =4* 0 + 2

HPN = 4*0 + 3

N = 4

roundown( current_symbol_occasion / periodicity) = 0

I  = 0

N = 4

roundown( current_symbol_occasion / periodicity) = 0

I = 3

HPN =4* 1 +0

HPN =4* 1 + 1

HPN =4* 1 + 2

HPN = 4*1 + 3

N = 4

roundown( current_symbol_occasion / periodicity) = 1 

I = 0

N = 4

roundown( current_symbol_occasion / periodicity) = 1

I = 3

Slot#N


