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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN#99e, a new Rel-18 WID “XR Enhancements for NR” has been approved with the following objectives [1]:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
Specify the enhancements related to power saving:
· DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
· 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);
· Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
· Delay reporting of buffered data in uplink (RAN2);
· Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
· Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
· Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
· Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
· Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3); 



Among the objectives, two of the RAN1 objectives were fully discussed during last meeting and much progress has been made such as MCS and FDRA design.
In this contribution, we provide our views on the still open topics of CG enhancement techniques, including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration, and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
1. [bookmark: OLE_LINK15][bookmark: OLE_LINK79][bookmark: OLE_LINK77][bookmark: _Ref129681832]Discussion
0. Multiple CG PUSCH transmission occasions in a CG period
0. TDRA design
In the last meeting(#112b), TDRA design was discussed and the following alternatives were agreed for further down selection [2].
	[bookmark: _Hlk134609424]TDRA design:
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




The detail is shown below, copied from RAN1#112 [3]:
	For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· 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-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 our view, these alternatives have comparable specification impact, while Alt-C provides flexibility with respect to different SLIV which is more suitable for the real XR cases. For example, XR UL traffic includes pose/control stream and video stream, larger SLIVs in earlier TOs could be configured to transfer the possible video and pose/control data within a period while configures a smaller SLIVs for later TOs to send possible only pose/control data. 
As to Alt-A1 and Alt-B, they are the similar solutions and support either one is OK if needed. So from our point of view, there are two types of schemes, Alt-A1/Alt-B and Alt-C.
Both the Alt-A1/Alt-B and Alt-C have TDD configuration issues and for Alt-A1/Alt-B and Alt-C1, it could be solved by changing the consecutive slots to consecutive available uplink slots, and by modifying in this way, Alt-A1/Alt-B and Alt-C1 support non-consecutive slot for TDD configuration. But for Alt-C2, it is more complicated to adjust the CG PUSCH occasions to valid locations.
So we support Alt-C1 the most and if it is an excluded option, we support either Alt-A1 or Alt-B.

[bookmark: _Ref131778834]Observation 1: Alt-A1 or Alt-B and Alt-C have comparable specification impact, while Alt-C provides flexibility with respect to different SLIV.
Observation 2: TDD configuration issue could be solved by changing the consecutive slots to consecutive available uplink slots for Alt-A1 or Alt-B and Alt-C1 while it is more complicated for Alt-C2.

[bookmark: _Ref131778863]Proposal 1: If Alt-C1 is an excluded option, we support either Alt-A1 or Alt-B.

0. HARQ process ID
In the previous meeting, the following agreement about HARQ ID was made:
	HARQ ID design:
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.



We understand the intension and benefit of the X, Y and offset2 in the formula, and to avoid ambiguity, we suggest all the parameters are configured semi-statically via RRC instead of determined dynamically.
As to the offset1, we think it is unnecessary to consider the jitter impact and don’t see the obvious benefit.

Proposal 2: X, Y and offset2 are configured semi-statically via RRC.
Proposal 3: offset1 is unnecessary or offset1=0.

[bookmark: OLE_LINK2]Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
Contents of the new UCI
	[bookmark: _Hlk134695201]What information UTO-UCI contains:
Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
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.
When UTO-UCI is sent:
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.



At the last meeting, it was agreed that the UTO-UCI contents could be a bitmap wherein a bit corresponds to a TO and could be transmitted in every CG PUSCH occasion. This solution has better reliability but introducing extra signaling overhead. We therefore propose to extend the contents of the UTO-UCI which could contain two parts of indications. The first part of content provides a first level information such as whether the bitmap of the TO, which is the second part of indication, exists or belongs to which CG configuration. In this way, when there is no change of the unused CG TOs, only the first part of indications needs to be sent.

Proposal 4: Extend the UTO-UCI to contain two parts of indications in which 
the first part provides a first level information such as:
      whether the second part exists or
      which CG configuration it belongs
the second part provides a bitmap where a bit corresponds to a TO within a time duration/range.

How to transmit such UCI

	How UTO-UCI is sent:
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.




Proposal 5: Support the UTO-UCI with lower priority than HARQ-ACK.

[bookmark: OLE_LINK73][bookmark: OLE_LINK78][bookmark: OLE_LINK80]Other topics
Multiple CG configurations can be used for XR scenarios, for example, Figure 1 below is one possible configuration in which three CG configurations are configured with different start time but the same period. We suggest to support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations.
[image: ]
[bookmark: _Hlk134719099][bookmark: _GoBack]Figure 1. Illustration of a TDD configuration with multiple CG configurations

Proposal 6: Support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations using the method in Proposal 4.

1. Conclusions
In this contribution, we provide our views on how to configure multiple CG PUSCH transmission occasions in a period and discuss how to send dynamic indication of unused CG PUSCH occasions based on UCI by the UE. The following proposals and observations are given:
Observation 1: Alt-A1 or Alt-B and Alt-C have comparable specification impact, while Alt-C provides flexibility with respect to different SLIV.
Observation 2: TDD configuration issue could be solved by changing the consecutive slots to consecutive available uplink slots for Alt-A1 or Alt-B and Alt-C1 while it is more complicated for Alt-C2.

[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Proposal 1: If Alt-C1 is an excluded option, we support either Alt-A1 or Alt-B.
Proposal 2: X, Y and offset2 are configured semi-statically via RRC.
Proposal 3: offset1 is unnecessary or offset1=0.
Proposal 4: Extend the UTO-UCI to contain two parts of indications in which 
the first part provides a first level information such as:
      whether the second part exists or
      which CG configuration it belongs
the second part provides a bitmap where a bit corresponds to a TO within a time duration/range.
Proposal 5: Support the UTO-UCI with lower priority than HARQ-ACK.
Proposal 6: Support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations using the method in Proposal 4.
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