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1. [bookmark: _Ref513464071]Introduction
In RAN1#114, the specification work for Rel-18 XR enhancements was successfully completed and the agreements made [1] are provided in the Appendix. In this contribution, we discuss the remaining issues on multi-PUSCH CG enhancements:
· HARQ retransmissions
· Maximum number of multi-PUSCH CG configurations
2. Remaining issues on multi-PUSCH CG enhancements
2.1 HARQ Retransmissions
In the legacy Rel-16 NR CG design for retransmissions, the UE monitors PDCCH for DCI upon transmitting a TB in a CG PUSCH occasion. If a DCI containing dynamic grants is received before the expiry of the CG Timer, the UE retransmits the indicated RV of the TB using the received grant. If the UE does not receive DCI within the CG timer, the UE assumes ACK for the previous TB transmission and flushes the HARQ buffer.      
For supporting retransmissions with multi-PUSCH CG, it is important for the DCI to be received early given the strict delay budget associated with the XR traffic. If the legacy approach for retransmisisons is applied, the UE can expect multiple DCIs spread over different DL slots after transmission of each of the N TBs corresponding to XR traffic in N CG PUSCH TOs. In this approach, however, the delay for receiving multiple DCIs can be too long and the UE may also need to maintain high number of HARQ buffers for a long duration. 
Alternatively, upon transmitting N TBs in N CG PUSCH TOs, the corresponding dynamic grants for retransmissions can be provided in a single DCI. Such approach can be useful for minimizing the delay during retransmissions of multiple TBs and the amount of PDCCH monitoring. 
Although the earliest opportunity to receive the single DCI can be in the first DL slot after the TBs are transmitted, certain offset can be applied for receiving the DCI upon transmission in the last valid UL slot, e.g. to allow for some processing delay at NW. For example, while CG timer is running, the UE can monitor PDCCH for the single DCI with an offset of D slots after transmitting N TBs in N CG PUSCH TOs. This would allow any retransmissions to be performed as early as in the next UL slot, even though the next UL slot may be within the same CG period. 
Proposal 1: Scheduling of retransmissions corresponding to the initial transmissions with multi-PUSCH CG is provided in single DCI 
Proposal 2: UE is expected to monitor PDCCH for detecting the DCI for retransmissions with an offset of D slots after transmitting N TBs in N multi-PUSCH CG occasions
2.2 Maximum number of multi-PUSCH CG configurations
During RAN#114, the following agreement was made on the options for the maximum number of multi-PUSCH CG configurations that can be supported per BWP of a serving cell. 
	Proposal 4-2:
Select one of the following options:
· Option 1: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells
· FG 50-1 as pre-requisite.
· FG 11-9 NOT as pre-requisite
· Option 2: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
Option 3: Maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.


While option 1 and option 2 propose to introduce new capability with differences in terms of the FG 50-1 and/or FG 11-9 as pre-requisites, Option 3 limits the maximum number to only one. 
The FG 11-9 pre-requiste considered for Option 2 is as follows [2]:
	11-9
	Multiple active configured grant configurations for a BWP of a serving cell
	1.	Supports up to 12 configured/active configured grant configurations in a BWP of a serving cell.
-	Separate RRC parameters for different configured grant configurations
-	Separate activation for different configured grant Type 2 configurations
-	Separate release for different configured grant Type 2 configurations
2. Supported maximum number of configured/active configured grant configurations in a BWP of a serving cell
Candidate values for component 2: {1, 2, 4, 8, 12}
3. Supported maximum number of configured/active configured grant configurations across all serving cells, and across MCG and SCG in case of NR-DC
Candidate values for component 3: {2, …, 32}
	One of {5-19, 5-20}
	activeConfiguredGrant-r16 {
maxNumberConfigsPerBWP-r16,
maxNumberConfigsAllCC-r16
}


 
For supporting the diverse XR traffic characteristics in Rel-18, Option 3 is too restrictive and hence, not preferred. In our view, the maximum number of multi-PUSCH CG configurations should be subject to new UE capability and a maximum number of 12 per BWP (when applying FG 11-9 as pre-requisite) is sufficient for handling the Rel-18 XR traffic characteristics. As such, we prefer Option 2. 
Proposal 3: Support Option 2 for the maximum number of multi-PUSCH CG configurations
3. Conclusion
[bookmark: _Hlk101735808]In this contribution, the following proposals are made:
Proposal 1: Scheduling of retransmissions corresponding to the initial transmissions with multi-PUSCH CG is provided in single DCI 
Proposal 2: UE is expected to monitor PDCCH for detecting the DCI for retransmissions with an offset of D slots after transmitting N TBs in N multi-PUSCH CG occasions
Proposal 3: Support Option 2 for the maximum number of multi-PUSCH CG configurations

Appendix
The following show the conclusions and agreements made during RAN1#114:
	Agreement
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations
Strong concerns have been raised on the above proposal in terms of benefit and UE complexity by CATT, ZTE, Huawei, Apple, MTK, and Google.

Agreement
When UTO-UCI and HARQ-ACK are jointly encoded, HARQ-ACK bit sequence is concatenated after UTO-UCI bit sequence, by reusing the same mechanism adopted for joint encoding of CG-UCI and HARQ-ACK.

Conclusion
There is no consensus on the following proposal:
Introduce a new RRC parameter UTO-UCI-Multiplexing (similar to cg-UCI-Multiplexing) to enable/disable joint coding of HARQ-ACK and UTO-UCI in a CG PUSCH with the UTO-UCI.

Conclusion
For Type-1 and Type-2 multi-PUSCH CG configuration, Type-A repetition is NOT supported in Rel-18

Agreement
For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2

Agreement
For a CG configuration with UTO-UCI indication enabled:
· For the range value for the RRC parameter Nu (Nu is the size of bit-map): (3, …, 8)

Conclusion
There is no consensus to introduce RRC parameter UTO_offset. This over-rides earlier RAN1 agreements.

Agreement
Response LS to R1-2306379 is agreed. LS in R1-2308654.

Conclusion
Extending the UTO_UCI indication by CG PUSCH(s) of a CG configuration to CG PUSCH(s) of other CG configuration(s) is not supported in Rel-18.

Agreement
The following TP with stage 2 description for physical layer enhancements is endorsed in principle for TS 38.300. Send an LS to RAN2. Final LS in R1-2308659.
-----------------< Start of TP>--------------------
16.X.4    Capacity
16.X.4.1        Physical Layer Enhancements
The following enhancements for configured grant-based PUSCH transmission are introduced:

-     Support of multiple CG PUSCH transmission occasions within a single period of a CG configuration

-     Indication of unused CG PUSCH occasion(s) of a CG configuration with Uplink Control Information multiplexed in CG PUSCH transmission of the CG configuration.

-----------------< End of TP>--------------------

Proposal 4-2:
Select one of the following options:
· Option 1: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells
· FG 50-1 as pre-requisite.
· FG 11-9 NOT as pre-requisite
· Option 2: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
· Option 3: Maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.
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