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1 Introduction
In the previous meeting, enhancements on XR specific capacity were discussed and the achieved agreements are listed in [1]. In this contribution, we will discuss some of the remaining issues.
2 Multiple transmission occasions per CG period
To determine the TDRA of multi-PUSCHs CG, three alternatives were agreed in the RAN1 #112 meeting. The agreements reached in the previous meeting is based on the initial Alt-B as below:
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.
Whether to support repetition is stilled undetermined. To our opinion, the PUSCH repetition has been supported in the current specification and minor specification impacts could be expected. Besides, it could be disabled by configuring repetition factor to one.
Proposal 1: Support PUSCH repetition with multiple transmission occasions per CG period.
3 Indication of unused transmission occasions
3.1 What information the UCI contains?
In the RAN1 #113 meeting, the following options about the UCI contents are to be down selected:
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:
· [bookmark: _Hlk142600411]Configure the RRC parameter UTO_period.
· [bookmark: _Hlk142600856]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. 
· [bookmark: _Hlk142599982]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.
From the system point of view, it is beneficial for the gNB to get the information that a UE CG PUSCH TO would not be used as early as possible to provide more flexibility for the overall resource allocation. Furthermore, considering the timeline of XR data arriving and UL processing, the bits of UTO-UCI correspond to a time duration whose beginning time have certain offset with the indication. As shown in the Fig.2 below, the UTO-UCI-0 in the TO 0 indicates the UTOs after, the UTO-UCI-1 in the TO 1 indicates the UTOs after , and etc. It is proposed the UTO_Offset between UTO-UCI and the indicated CG PUSCHs is configured by gNB which is UTO_offset in the option B-a. The offset should at least cover the transmission time of the UTO-UCI, the transmission time of the rescheduling information, and the gNB processing intervals.
Within the UTO_period, valid PUSCH could be non-consecutive due to TDD configuration. The UE may not decide how to occupy the late TOs with processing timeline restriction. Therefore, it is proposed to have UTO_period configured as a fixed window in time. For example, as shown in the Fig2, the UTO-UCI-0 in the TO 0 indicates the UTOs within , the UTO-UCI-1 in the TO 1 indicates the UTOs within , and the UTO-UCI-0 in the TO 0 indicates the UTOs within , the UTO-UCI-1 in the TO 1 indicates the UTOs within , and etc.  
[image: ]
Fig. 2  UTO-UCI indication
Proposal 2: Option B-a is accepted. Configure RRC parameter UTO_period and UTO_offset. The UTO_offset should at least cover the transmission time of the UTO-UCI, the transmission time of the rescheduling information, and the gNB processing intervals.
3.2 How the UCI is sent?
About how the UCI is sent, there are the following agreements from the previous meetings:
Agreement
The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).

Agreement
· With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Currently, CG-UCI and HARQ-ACK are jointly encoded which CG-UCI bits are sequenced before the HARQ-ACK bits. When UTO-UCI is introduced, it is proposed the sequence generation of UTO-UCI and HARQ-ACK can reuse that of CG-UCI and HARQ-ACK since they are both jointly encoded. For the dropping rule, however, the importance of each information is different. UTO-UCI is used for the gNB to recycle some of the unused resources to improve system efficiency. CG-UCI includes essential information to decode CG PUSCH. HARQ-ACK is to guarantee the UE’s services reliability. Without quantitative evaluation, it is proposed the dropping rule between UTO-UCI and HARQ-ACK is based on UE-specific configuration when jointly encoding.
Proposal 3: Sequence generation of UTO-UCI and HARQ-ACK can reuse that of CG-UCI and HARQ-ACK. The dropping rule between UTO-UCI and HARQ-ACK is based on UE-specific configuration when jointly encoded.
4 Conclusion
In this contribution, we discussed the remaining issues about enhancements on XR specific capacity. The following proposals are reached:
Proposal 1: Support PUSCH repetition with multiple transmission occasions per CG period.
Proposal 2: Option B-a is accepted. Configure RRC parameter UTO_period and UTO_offset. The UTO_offset should at least cover the transmission time of the UTO-UCI, the transmission time of the rescheduling information, and the gNB processing intervals.
Proposal 3: Sequence generation of UTO-UCI and HARQ-ACK can reuse that of CG-UCI and HARQ-ACK. The dropping rule between UTO-UCI and HARQ-ACK is based on UE-specific configuration when jointly encoded.
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