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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RANp # 98-e, the following was agreed as WID objectives related to RAN1 with regards to XR specific capacity enhancements for Rel-18 XR enhancements [1]

	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 discuss our views on potential CG enhancements to improve XR capacity.

2. Discussion on CG enhancements
Since CG resource is semi-statically configured, it cannot adapt to the varying size of UL video frame, which may require multiple PUSCHs, resulting in either under or over resource provisioning. Hence, Rel-18 is targeting to enhance CG to adapt to periodic XR UL video traffic which may require multiple PUSCHs for transmission. Multiple PUSCH occasions can be configured in a CG period for a given CG configuration. To avoid potential resource wastage, UE can append an UCI to indicate to the gNB regarding the actual number of used CG PUSCH occasions. Figure 1 provides a high level overview of the procedure.
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Figure 1: For multiple PUSCH occasions in a CG period, UCI can be appended to the first PUSCH to indicate the actual number of used PUSCH occasions. 

Rel-15 CG time domain procedure supports configuration of {periodicity, repK, SLIV, slot offset}. In Rel-16 NR-U, CG was enhanced to include cg-nrofPUSCH-InSlot and cg-nrofSlots which indicate number of consecutive PUSCHs in a slot and number of consecutive slots available within a CG period. From our point of view, using these parameters may be restrictive for indicating number of PUSCHs in a CG period which may span more than a slot and gap between different PUSCH occasions may or may not be contiguous. To this end, we think at least for Type 1 CG transmission, a new higher layer parameter, such as  cg-nrofPUSCH-r18 may be configured to indicate multiple PUSCH occasions in a CG period. Additional parameter cg-PUSCH-gap may be configured to indicate any offset or gap in symbols or slots between successive PUSCH occasions. If not configured, then it implies PUSCH occasions are located in a contiguous manner, either in symbols or slots. If the occasions are in consecutive slots, then same SLIV could apply. Otherwise, at least all PUSCH occasions have same number of symbols. 

Proposal 1: For Type 1 CG transmission, at least support introducing a higher layer parameter in the CG configuration to indicate number of PUSCH occasions in a CG period.
· All PUSCH occasions have same duration in number of symbols, same MCS, and frequency allocation
· FFS: Whether PUSCH occasions are contiguous or not

For Type 2 CG PUSCH transmission, Rel-17 FR2-2 multiple PUSCH scheduling solution can be leveraged, i.e., a row of the time domain resource allocation (TDRA) table can indicate (indication is included in the activation DCI) resource allocation for different PUSCHs in a CG period and number of PUSCHs may not need to be explicitly indicated. UE may retrieve number of PUSCHs and corresponding time domain resource allocation from the {SLIV, mapping type, scheduling offset K2} configuration. In other words, multiple SLIVs can be indicated by a row of TDRA table

Proposal 2: For Type 2 CG transmission, leverage Rel-17 FR2-2 multiple PUSCH scheduling solution to indicate TDRA for the multiple PUSCHs in a CG period via the activation DCI.

On the other hand, UCI can be appended to the first PUSCH of the configured or indicated I PUSCH occasions. UCI may include  bits in a field, which is used to indicate the number of unused PUSCH occasions. Appending UCI to the PUSCH to indicate number of used occasions may not be applicable by default and should be configurable. Hence, a higher layer parameter configured by RRC may be provided to indicate whether to include this UCI in CG PUSCH. If first CG PUSCH occasion is skipped, then second CG PUSCH occasion may include the UCI. The UCI is separately encoded and multiplexed to the CG PUSCH. Since CG-UCI is mainly used for CG transmission in unlicensed band and the information carried there are not needed in licensed band, we propose to use a new UCI to carry the information. Encoding, RE mapping may follow legacy procedure. Further discussion is needed regarding the multiplexing order when HARQ-ACK, CSI-part1, or CSI-part2 are present. From our view, new UCI and HARQ-ACK may share same beta offset if there are of same priority and can be jointly encoded. 


Proposal 3: Introduce a new UCI to indicate the number of unused PUSCH occasions.
· The new UCI is at least appended to the first CG PUSCH, if it is not skipped.
· Whether to multiplex the new UCI to CG PUSCH should be configurable
· FFS: Multiplexing order of the new UCI among other UCIs in the CG PUSCH


3. Conclusions
In this contribution, we discuss the potential NR enhancement for XR capacity. The following proposals and observations are provided. 
Proposal 1: For Type 1 CG transmission, at least support introducing a higher layer parameter in the CG configuration to indicate number of PUSCH occasions in a CG period.
· All PUSCH occasions have same duration in number of symbols, same MCS, and frequency allocation
· FFS: Whether PUSCH occasions are contiguous or not

Proposal 2: For Type 2 CG transmission, leverage Rel-17 FR2-2 multiple PUSCH scheduling solution to indicate TDRA for the multiple PUSCHs in a CG period via the activation DCI.

Proposal 3: Introduce a new UCI to indicate the number of unused PUSCH occasions.
· The new UCI is at least appended to the first CG PUSCH, if the occasion is not skipped.
· Whether to multiplex the new UCI to CG PUSCH should be configurable
· FFS: Multiplexing order of the new UCI among other UCIs in the CG PUSCH
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