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1 Introduction
In the previous meetings, 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
2.1 TDRA
To determine the TDRA of multi-PUSCHs CG, three alternatives were agreed in the RAN1 #112 meeting:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in
· non-consecutive slots.
· FFS details, including related RRC parameters
In the previous meeting, it was agreed to prioritize Alt-A1, Alt-B, and Alt-C2 for further down scoping and/or modification. 
Agreement:
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
-	FFS: How to address TDD configuration issue
To our understanding, to support multi-PUSCHs CG is to handle the jitter of XR specific data arrivals, the variation of XR specific packet size. Alt-C2 provides the most flexibility about the number of occasions in a Multi-PUSCHs CG and independent SLIV could be used for each CG occasion. This satisfies the requirements of XR services most and could provide more flexibility of resource allocation from the system point of view. The TDRA states of Alt-A1 and Alt-B could be realized by Alt-C2 with special configurations. On the other hand, the specification efforts of Alt-C2 could be comparable with Alt-A1 and Alt-B since most of the Rel-17 single DCI scheduling multiple PUSCHs could be reused. So it is proposed to support Alt-C2 for determination of TDRA for multi-PUSCHs CG.
Proposal 1: Support Alt-C2 (Follow Rel-17 single DCI scheduling multiple PUSCHs) for determination of TDRA for multi-PUSCHs CG.
2.2 HARQ process ID
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, the following agreement was reached in the previous meeting:
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 = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (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 Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: 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.
For the formulation of HARQ ID, X was supposed to get larger gap between two TOs which would use the same HARQ ID. If X=1, the HARQ ID of the first CG PUSCH in each CG period is as the legacy procedure as shown in the Fig.1. When X=the number of configured PUSCHs in the CG period, and the supported number of HARQ IDs for CG PUSCH is equal to the number of configured PUSCHs in the CG period, there would be the same HARQ ID patterns in each CG period. It is noticed the gap between two TOs with HARQ ID 1 by X=1 is less than that by X>1. However, the gap between two TOs with HARQ ID 0 by X=1 is larger than that by X>1. Furthermore, the XR data has the character of jitter arrivals and packet size variation. Some of the CG TOs has no actual transmission at all and which of the CG TOs has actual transmissions are uncertain. Therefore, the benefits of having X>1 to get separation TOs with the same HARQ ID would be non-deterministic. To our opinion, X=1 is preferred and there is no difference whether X is outside or inside floor operation accordingly. Y>1 was also supposed to have separation TOs with the same HARQ ID among CG periods. However, the benefits depend on the number of supported HARQ IDs for CG PUSCH. The offset1 was to reduce the impacts by XR jitter arrival. However, the jitter would not be semi-static and it is hard to be configured as imagined. In addition, offset2 may provide effective HARQ-ID since no HARQ-ID is assumed for the unused TOs. However, this depends on whether unified unused TOs could be assumed according to dynamic TOs occupation. Otherwise, there would be HARQ ID ambiguous assumptions between gNB and UE. Therefore, it is proposed to have X=1, Y=1, Offset 1= 0, and Offset 2= 0.
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Fig. 1  HARQ ID determination

Proposal 2: For determination of HARQ process IDs, X=1, Y=1, Offset 1= 0, and Offset 2= 0 in the formulation.
3 Indication of unused transmission occasions
3.1 What information the UCI contains?
In the RAN1 #112 meeting, there was two options about the UCI contents for unused CG PUSCH indication:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
Furthermore, option 2 was down selected in the previous meeting and the following agreement was reached:
Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
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. The offset between UTO-UCI and the indicated CG PUSCHs should at least cover the transmission time of the UTO-UCI, the transmission time of the rescheduling information, and the gNB processing intervals. It is proposed the offset between UTO-UCI and the indicated CG PUSCHs is absolute time and is configured by gNB.
Besides, when non-consecutive PUSCHs are configured, it is possible the UE could not decide how to occupy the TOs at the beginning TOs in one CG PUSCH period. To provide immediate UTO information to the gNB, the time duration within which the UTO-UCIs indicated would correspond to a sliding window. For example, 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.  
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Fig. 2  UTO-UCI indication
Proposal 3: The offset between UTO-UCI and the indicated CG PUSCHs is absolute time and is configured by gNB to at least cover the transmission time of the UTO-UCI, the transmission time of rescheduling information, and the gNB processing intervals. 
Proposal 4: The time duration within which the UTO-UCIs indicated would correspond to a sliding window. 
3.2 When the UCI is sent?
About when the UCI is sent, there was the following agreements in the RAN1 #112 meeting:
For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.
In the previous meeting, the options were discussed and the option 1 was basically agreed.
Agreement
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience
It is noticed that it is possible some of the unused TO could not be indicated due to absence of transmitted CG PUSCH especially when non-consecutive CG PUSCH TOs are configured. As shown in the Fig.3, when CG PUSCH 0/1/2 is transmitted, the UE has not decided the boxed TOs would not be used. Then since there is no further valid CG PUSCH transmission before the decision, the resources within the boxed CG PUSCH TOs could not be released and reused. Therefore, it is proposed to consider UTO-UCI transmission in an empty CG PUSCH to improve the efficiency of recycling.
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Fig. 3  UTO-UCI indication
Proposal 5: Consider UTO-UCI transmission in an empty CG PUSCH to improve the efficiency of recycling.
3.3 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 to be determined the sequence generation of UTO-UCI and HARQ. To our understanding, this depends on the order of importance about UTO-UCI and HARQ-ACK since some of the later bits have to be dropped when the reserved coded modulation symbols are not enough. The UTO-UCI is used for the gNB to recycle some of the unused resources to improve system efficiency. The HARQ-ACK, however, will impact the UE’s services respectively. Without quantitative evaluation, it is proposed the dropping rule between UTO-UCI and HARQ-ACK when joint encoding is based on UE-specific configuration. With this configuration, the sequence generation order between UTO-UCI and HARQ-ACK when jointly encoded could also be determined.
Proposal 6: The dropping rule between UTO-UCI and HARQ-ACK when joint encoding is based on UE-specific configuration.
4 Conclusion
In this contribution, we discussed the remaining issues about enhancements on XR specific capacity. The following proposals are reached:
Proposal 1: Support Alt-C2 (Follow Rel-17 single DCI scheduling multiple PUSCHs) for determination of TDRA for multi-PUSCHs CG.
Proposal 2: For determination of HARQ process Ids, X=1, Y=1, Offset 1= 0, and Offset 2= 0 in the formulation.
Proposal 3: The offset between UTO-UCI and the indicated CG PUSCHs is absolute time and is configured by gNB to at least cover the transmission time of the UTO-UCI, the transmission time of rescheduling information, and the gNB processing intervals. 
Proposal 4: The time duration within which the UTO-UCIs indicated would correspond to a sliding window. 
Proposal 5: Consider UTO-UCI transmission in an empty CG PUSCH to improve the efficiency of recycling.
Proposal 6: The dropping rule between UTO-UCI and HARQ-ACK when joint encoding is based on UE-specific configuration.
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