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1. [bookmark: _Ref87036880]Introduction
In the last meeting, following agreements have been made for XR enhancements [1].
	Related to Multiple CG occasion:
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.
· 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 and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.

Related to unused resource indication:
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
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




2. Discussion
In this contribution, we present our views on the XR-specific capacity enhancements. Specifically, we provide potential issues and possible solutions for XR capacity enhancement techniques. 
	
2. Multiple CG occasions in a period of a single CG PUSCH configuration
2.0.1. Re-transmission of multiple CG occasion in a period
It has been proposed to support scheduling re-transmission of multiple CG PUSCH via single DCI. Since it is highly related to how to allocate multiple time-domain resources with CG configuration, it was difficult to discuss before the decision on how to allocate time-domain resources. In the last meeting, it was agreed that multiple time-domain resources are determined by a single TDRA and the number of TOs N within a period. 
If it is necessary to re-transmit multiple TOs, at least two information in below are required to be determined.
· Information 1: Whether DCI trigger a re-transmission of single PUSCH or multiple PUSCHs
· Information 2: Which PUSCH would be re-transmitted. 

To determine the information 1, UE needs additional information which hasn’t been included in UL grant. Especially in order to support both single PUSCH re-transmission and multiple PUSCH re-transmission simultaneously, additional information should be necessary. To indicate whether the DCI triggers single PUSCH re-transmission or multiple PUSCH re-transmission with current framework, following three options can be considered:
· Option 1: Introduce new CS-RNTI to indicate the re-transmission of multiple TOs
· Option 2: Always perform re-transmission of all the TOs in a period if the corresponding CG configuration is configured with multiple TOs in a period.
· Option 3: Re-interpret the number of repetitions as the indication of the re-transmission of multiple TOs. For example, if the number of repetitions is indicated as K (> 1) in a DCI, it is re-interpreted that the DCI triggers the re-transmission of K TOs.
Proposal 1: If it is necessary to support triggering the re-transmission of multiple CG PUSCHs by using a single DCI, following options can be considered to indicate whether the DCI triggers the re-transmission of single CG PUSCH or multiple CG PUSCHs.
· Option 1: Introduce new CS-RNTI to indicate the re-transmission of multiple TOs
· Option 2: Always perform re-transmission of all the TOs in a period if the corresponding CG configuration is configured with multiple TOs in a period.
· Option 3: Re-interpret the number of repetitions as the indication of the re-transmission of multiple TOs. For example, if the number of repetitions is indicated as K (> 1) in a DCI, it is re-interpreted that the DCI triggers the re-transmission of K TOs.

For gathering the information 2, if Option 1 or 2 is adopted, the target of the re-transmission can be automatically determined as all CG PUSCHs in a period corresponding to the CG configuration where the HARQ process ID of CG PUSCH previously transmitted is same as HARQ process ID indicated in the DCI. If Option 3 is adopted, the target of the re-transmission are consecutive PUSCHs from a PUSCH with HARQ process ID indicated by a DCI. The number of the re-transmission can be same as the number of repetitions indicated in the DCI. If the indicated number of repetitions is K, CG PUSCHs in K consecutive slots would be re-transmitted with same TDRA and FDRA. 

2.0.2. Repetition of multiple CG occasion in a period
In the current specification, the number of repetitions can be configured or indicated. Considering XR requirement, it could be beneficial to support repetition and multiple CG occasions in a period at the same time. To support both repetitions and multiple TOs simultaneously, it seems straightforward to repeat each TOs in a period. For example, if a UE is configured with N and K, the UE would repeat the first TO (transmitting the first TB) K times in consecutive slots, and repeat the second TO (transmitting the second TB) K times in next consecutive slots. And repeat this until the Nth TO (transmitting the Nth TB). Thus, UE would transmit N*K TOs in a period. 
Proposal 2: It is necessary to investigate how to support the repetition for each of multiple TOs in a period

2. Dynamic indication of the unused CG PUSCH by UE
2.1.1. How to construct and apply UTO-UCI information.
In the last meeting, four options; Option A-1a, A-2a, B-a, B-b2 are agreed as candidate methods to determine the indicated CG PUSCH by a UTO-UCI indication for further down-selection. Here are our views on each option:
· Option A-1a uses fixed UTO period to determine target PUSCHs of bitmap. Thanks to the fixed UTO period, if there is a proper configuration of gNB (e.g., 20 ms of UTO period), the bitmap size also can be fixed. However, the information in bitmap seems not always useful. For example, after the half of UTO period, almost half of UTO-UCI are dummy information, 
· Option A-2a looks enhanced Option A-1a. It removes redundant information from UTO-UCI based on timeline, though it makes various bitmap size. 
· Option B family uses floating UTO period, which starts at the beginning of the PUSCH carrying UTO-UCI. 
· Option B-a uses absolute time length as the length of UTO period. Since the information in UTO-UCI is generated based on UE prediction, it seems reasonable to have limit of time distance for bitmap. 
· Option B-b2 uses the number of PUSCHs as the length of UTO period. Since the information in UTO-UCI is generated based on UE prediction, it seems reasonable to have limit of a time distance for bitmap construction.  
Overall, we prefer floating UTO period (Option B family) rather than fixed UTO period, to avoid redundant bit overhead and bitmap size change. Meanwhile, in case of Option A family, due to fixed UTO period, the number of useful bits in UTO-UCI becomes smaller and smaller during UTO period. In addition to this, we think that various bitmap size in Option B seems not an issue comparing to Option A-2a. Thanks to floating UTO period, the variance of bitmap size would be marginal. Even if the UTO-UCI size varies, alpha and beta offset wouldn’t be changed in the most cases.
From those point of view, we prefer Option B in general and our first preference is Option B-a. 
Proposal 3: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, adopt Option B-a.

Except for option A-1a, the RRC parameter UTO_offset can be introduced. Considering timing advance and PUSCH preparation time, it is clear that some time periods (right after CG PUSCH carrying UTO-UCI) are not useful or not reusable at the gNB side. We think UTO_offset is beneficial and quite aligned with current framework. 
Proposal 4: Introduce the RRC parameter UTO_offset to configure time gap between CG PUSCH carrying UTO-UCI and UTO period. 

2.1.2. How to multiplex UTO-UCI on PUSCH in same priority
To multiplex UTO-UCI on PUSCH, it has been agreed to use encoding and multiplexing procedures applied for CG-UCI as baseline. Basically, UTO-UCI can be multiplexed in the same way with CG-UCI even in NR licensed band. In the last meeting, it has been agreed that the UTO-UCI can be multiplexed into CG PUSCH in the similar way to CG-UCI. However, there are some differences between UTO-UCI and CG-UCIs. 
According to the current specification, when CG-UCI and HARQ-ACK are overlapped, UE would drop PUSCH and CG-UCI if cg-UCI-Multiplexing is not configured. It is reasonable to drop PUSCH and CG-UCI, since CG PUSCH cannot be received/decoded at the gNB side if CG-UCI is not included in the CG PUSCH. However, if UTO-UCI is multiplex with CG PUSCH as like CG-UCI and if the UTO-UCI and HARQ-ACK are overlapped, it is not desirable to unnecessarily drop the CG PUSCH since the CG PUSCH can be received/decoded at the gNB side without the UTO-UCI. Thus, it is reasonable in this case that only the UTO-UCI is dropped and the HARQ-ACK is multiplexed on the CG PUSCH.

Proposal 5: If cg-UCI-Multiplexing is not configured, UTO-UCI is dropped and HARQ-ACK is multiplexed into CG PUSCH when the HARQ-ACK PUCCH and the CG PUSCH with UTO-UCI are overlapped in time.

On the other hand, unlike CG-UCI, the range of bit size of UTO-UCI is various. For example, UTO-UCI can be even 1 bit up to UTO-UCI configuration. Therefore, the length of jointly coded bit sequence of UTO-UCI and HARQ-ACK also can be 2 bits (e.g., single HARQ-ACK bit and single UTO-UCI bit). However, there is no specification to handle this case for CG-UCI, since CG-UCI has larger minimum bit size than UTO-UCI. It seems necessary to discuss how to avoid this situation. The simplest method would be padding zeros until the bit sequence becomes larger than 2 bits. 
Proposal 6: It is necessary to discuss how to handle the case of less than or equal to 2 bits UTO-UCI	and/or 2 bits jointly coded UTO-UCI and HARQ-ACK bits. 

Conclusion
In this contribution, we shared our views on the potential enhancements of capacity enhancement techniques for XR. Following are proposed for XR-specific capacity improvement:
Proposal 1: If it is necessary to support triggering the re-transmission of multiple CG PUSCHs by using a single DCI, following options can be considered to indicate whether the DCI triggers the re-transmission of single CG PUSCH or multiple CG PUSCHs.
· Option 1: Introduce new CS-RNTI to indicate the re-transmission of multiple TOs
· Option 2: Always perform re-transmission of all the TOs in a period if the corresponding CG configuration is configured with multiple TOs in a period.
· Option 3: Re-interpret the number of repetitions as the indication of the re-transmission of multiple TOs. For example, if the number of repetitions is indicated as K (> 1) in a DCI, it is re-interpreted that the DCI triggers the re-transmission of K TOs.
Proposal 2: It is necessary to investigate how to support the repetition for each of multiple TOs in a period
Proposal 3: For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, adopt Option B-a.
Proposal 4: Introduce the RRC parameter UTO_offset to configure time gap between CG PUSCH carrying UTO-UCI and UTO period. 
Proposal 5: If cg-UCI-Multiplexing is not configured, UTO-UCI is dropped and HARQ-ACK is multiplexed into CG PUSCH when the HARQ-ACK PUCCH and the CG PUSCH with UTO-UCI are overlapped in time.
Proposal 6: It is necessary to discuss how to handle the case of less than or equal to 2 bits UTO-UCI	and/or 2 bits jointly coded UTO-UCI and HARQ-ACK bits. 
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