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During the study item it was agreed to support multiple CG occasions in one CG period for XR capacity improvement[1]. And in the XR WID[3], the following objective has been included:
-	Multiple Configured Grant (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 Uplink Control Information (UCI) by the UE (RAN1, RAN2);
In RAN1#113 meeting, the following agreements have been made[6]: 
	Agreement
With respect to the agreement on HARQ process ID determination for multi-PUSCH Cg in RAN1#112bis-e, support the following:
· Y=1
· Offset 1=0 (i.e., remove Offset 1)
· Offset 2=0 (i.e., remove Offset 2)

Agreement
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion. 
· For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification.
· No RAN1 specification impact
Agreement
For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· The PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.

Conclusion
For time domain resource allocation for multi-PUSCH CGs, there is no consensus for further enhancement for operation on TDD.

Agreement
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· X is outside the floor operation
· X= the number of configured PUSCHs in the CG period

Agreement
The following working assumption is confirmed
(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 one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.

Agreement
· A CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”.
· A CG PUSCH occasion indicated as “NOT unused” earlier, can be indicated as “unused” later.
· FFS: Whether there is specification impact

Agreement
The UTO-UCI indication for a CG configuration is applicable to only valid CG PUSCH TOs, if any.
· Note: 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. Otherwise, it is valid.

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 = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured/ and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: 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.

Agreement
Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
· FFS on whether/how to extend to multiple CG configurations

Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
· Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
· Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
· Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· 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 valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
· Option B-b2:
· 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



And the related LS[7] has sent to RAN2.
In RAN2#123bis meeting, the following agreements has been made
Agreements
1. From RAN2 perspective, Multi-PUSCH CG is supported for Type 1 and Type 2 CG, i.e., [N] separated uplink grants occur in consecutive slots in one CG period.
2. We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall at least consider
In this contribution, we will discuss RAN2 impacts related to the above issues and give our proposals.
2. Discussion
When configuring the CG resource, it is difficult to accurately predict the number CG occasions. If the CG occasions are configured more than necessary, some of the configured CG occasion(s) may be wasted. In this case, the UE can send information about the unused CG occasion(s) to the gNB to release these extra configured resources. Usually, UE MAC entity can know whether the data has been transmitted completely and some CG occasions will not been used, but the L1 entity cannot decide this, so that L1 can set the UCI for the unused CG occasions, UE MAC entity should send the information about the unused CG occasions to lower layer(e.g. L1). 
Proposal 1: UE MAC entity decides the unused CG occasions, and sends the information to lower layer (e.g. L1).
In RAN2 #123bis meeting, it has been agreed to specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC. By default, the CG resource is considered to be used, unless MAC can determine definitely that the residual CG occasions will not be used and indicate it to gNB. The MAC can determine that the residual CG occasions will not be used at least in the following cases:
(1) The PDU including End PDU of the PDU Set  and End of Data Burst has been received, and there is no new transmission after the  current PUSCH transmission(e.g. the data transmission has been finished in this CG period).
(2) The Buffer is empty at the time BAT + Jitter(e.g. there is no data burst in this CG period). 
Proposal 2:The MAC entity determines the residual CG-PUCH occasions will be unused in one of the following cases:
(1) The PDU including End PDU of the PDU Set  and End of Data Burst has been received, and there is no new transmission after the  current PUSCH transmission(e.g. the data transmission has been finished in this CG period).
(2) The Buffer is empty at the time of BAT + Jitter(e.g. there is no data burst in this CG period). 

3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543]Proposal 1: UE MAC entity decides the unused CG occasions, and sends the information to lower layer (e.g. L1).
Proposal 2:The MAC entity determines the residual CG-PUCH occasions will be unused in one of the following cases:
(1) The PDU including End PDU of the PDU Set  and End of Data Burst has been received, and there is no new transmission after the  current PUSCH transmission(e.g. the data transmission has been finished in this CG period).
(2) The Buffer is empty at the time of BAT + Jitter(e.g. there is no data burst in this CG period). 
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