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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 meetings and much progress has been made such as TDRA and UTO-UCI 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
In the last meeting(#113), TDRA design was discussed and finally the NR-U framework design was agreed[2]. The retransmission and repetition for a multi-PUSCHs CG configuration are still open for discussion.
	[bookmark: _Hlk134609424]TDRA design:
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.
· 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.



0. Retransmission for a multi-PUSCHs CG configuration
It can be beneficial to support retransmission of multiple TBs with a single scheduling DCI when a multi-PUSCH CG is used for the initial transmission. It can save signaling overhead because there may be several consecutive UL transmission failures when channel conditions are not good. The similar way of existing Rel-17 single DCI scheduling multiple PUSCH can be used for scheduling CG PUSCH retransmission.
[bookmark: _Ref131778863]Proposal 1: Support retransmission of multiple TBs with a single scheduling DCI when a multi-PUSCH CG is used for the initial transmission
· The DCI is scrambled with CS-RNTI
· Rel-17 single DCI scheduling multiple PUSCHs can be used for scheduling CG PUSCH retransmission, in which, 
NDI field can be used as the bitmap and NDI bit set to “1” indicates retransmission of the corresponding PUSCH of a multi-PUSCH CG.
One or two RV bits per retransmission PUSCH.

0. Repetition for a multi-PUSCHs CG configuration
There is not consensus on whether repetition is supported for a multi-PUSCHs CG configuration. Proponents may think that XR services have high latency requirements and do not even have enough time to retransmit multiple times, and repetition can improve the reliability of uplink transmissions and thus reduce the latency and the number of possible retransmissions. Opponents may argue that repetition need more resources and thus reduce the system capacity, which is contrary to the existing WI objectives.
Our view is that repetition is a tradeoff between system capacity and reliability. Therefore, support partial repetition can be considered. One approach to perform partial repetition is gNB to configure the last few PUSCHs to do repetition to ensure their reliability, while the PUSCHs that have not done repetition before can ensure reliability through fast retransmissions.
Another way to do partial repetition is that the UE decides whether to repeat the transmission or not based on the amount of data it sends and informs the gNB via UTO-UCI. For example, as shown in the following figure, the UE can indicate that the currently sent PUSCH is a retransmission of the previous PUSCH by modifying the previous bit.
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Figure 1. Illustration of a UE-decided PUSCHs repetition and inform gNB via UTO-UCI

Observation 1: Repetition is a tradeoff between system capacity and reliability，so Partial repetition or UE-decided repetition is recommended to support.

Proposal 2: Support Partial repetition of PUSCHs in a CG and gNB configure the number of last PUSCHs to do repetition.
Proposal 3: Support UE-decided PUSCHs repetition and inform the gNB via UTO-UCI.

[bookmark: OLE_LINK2]Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
Contents of the new UCI
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. At the last meeting, UTO-UCI indication design was discussed and the following alternatives were agreed for further down selection[2].
	How UTO-UCI is sent:
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
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For the above four options, below table is made to compare their differences. 
	Options
	Mechanism
	Window length
	Valid TOs in a window
	UTO-UCI bits
	New RRC parameter

	Option A-1a
	Sliding indicator 
	Fixed
	Not Fixed
	Fixed within window
	UTO_period

	Option A-2a
	Sliding indicator 
	Fixed
	Not Fixed
	Not Fixed
	UTO_period UTO_offset

	Option B-a
	Sliding Window
	Fixed
	Not Fixed
	Not Fixed
	UTO_period UTO_offset(optional)

	Option B-b2
	Sliding Window
	Not Fixed
	Fixed
	Fixed
	Nu UTO_offset(optional)


Table 1. Comparison of the four UTO-UCI design options

Based on the info of the table, we have the below observations:
Observation 2: The mechanism of Option A is sliding indicator within the window while Option B is Sliding window.
Observation 3: Option B continuously reports indication of TOs because of sliding window.
Observation 4: Except Option A-1a, the other three options do not waste reporting bits.
Observation 5: The number of UTO-UCI bits reported by A-1a and B-b2 is basically fixed. 

For UTO-UCI reporting, we think that fixed length is more important because of the simplicity of implementation, so Option B-b2 and Option A-1a should be considered. 

Proposal 4: For UTO-UCI indication design, support either Option B-b2 or Option A-1a.

Whether/how to extend UTO-UCI report to multiple CG configurations
Multiple CG configurations can be used for XR scenarios, for example, Figure 2 below is one possible configuration in which three CG configurations are configured with different start time but the same period. Figure 3 below is another possible configuration in which two CG configurations with overlap TOs in a period are configured. With respect to the design of UTO-UCI report, we suggest to support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations.
[image: ]
[bookmark: _Hlk134719099]Figure 2. Illustration of a TDD configuration with multiple CG configurations without overlap TOs
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Figure 3. Illustration of a configuration with multiple CG configurations with overlap TOs

Proposal 5: Support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations.
Proposal 6: RRC configured Parameters and rules regarding how to extend UTO-UCI reporting to multiple CG configurations include:
- Through which CG configuration the UE can send the UTO-UCI.
- The sent UTO-UCI indicates which CG configurations TO usage.
- Encode the UTO-UCI bits for different CG configurations.

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.


It was agreed the existing CG-UCI encoding and multiplexing procedures are reused for encoding the UTO-UCI in RAN1#112b-e[3]. There are still remaining two open issues: (1) sequence generation order between UTO-UCI and HARQ-ACK when HARQ-ACK is presented; (2) dropping rule of UTO-UCI and HARQ-ACK when multiplexing on PUSCH is not configured.
For the first open issue, we think it is OK to reuse the CG-UCI rule which is first mapping UTO-UCI bits to the UCI bit sequence, then HARQ-ACK bits.
For the second open issue, we think the UTO-UCI have lower priority than HARQ-ACK. When the collision occurs between HARQ-ACK in PUCCH and UTO-UCI in CG PUSCH when multiplexing of UTO-UCI and HARQ-ACK is not configured, the UE temporarily disables UTO-UCI transmission on the CG PUSCH occasion and falls back to existing HARQ-ACK multiplexing in CG PUSCH behavior.

Proposal 7: Support to reuse the same generation order between CG-UCI and HARQ-ACK for multiplexing of UTO-UCI and HARQ-ACK.
Proposal 8: Support the UTO-UCI have lower priority than HARQ-ACK. When the collision occurs between HARQ-ACK and UTO-UCI when multiplexing is not configured, the UE temporarily disables UTO-UCI transmission on the CG PUSCH occasion and falls back to existing HARQ-ACK multiplexing in CG PUSCH behavior.
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1. Conclusions
In this contribution, we provide our views on the still open issues related to how to configure multiple CG PUSCH transmission occasions in a period and how to send dynamic indication of unused CG PUSCH occasions based on UCI by the UE. The following observations and proposals are given:

Observation 1: Repetition is a tradeoff between system capacity and reliability，so Partial repetition or UE-decided repetition is recommended to support.
Observation 2: The mechanism of Option A is sliding indicator within the window while Option B is Sliding window.
Observation 3: Option B continuously reports indication of TOs because of sliding window.
Observation 4: Except Option A-1a, the other three options do not waste reporting bits.
Observation 5: The number of UTO-UCI bits reported by A-1a and B-b2 is basically fixed. 

Proposal 1: Support retransmission of multiple TBs with a single scheduling DCI when a multi-PUSCH CG is used for the initial transmission
· The DCI is scrambled with CS-RNTI
· Rel-17 single DCI scheduling multiple PUSCHs can be used for scheduling CG PUSCH retransmission, in which, 
NDI field can be used as the bitmap and NDI bit set to “1” indicates retransmission of the corresponding PUSCH of a multi-PUSCH CG.
One or two RV bits per retransmission PUSCH.
Proposal 2: Support Partial repetition of PUSCHs in a CG and gNB configure the number of last PUSCHs to do repetition.
Proposal 3: Support UE-decided PUSCHs repetition and inform the gNB via UTO-UCI.
Proposal 4: For UTO-UCI indication design, support either Option B-b2 or Option A-1a.
[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Proposal 5: Support dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations.
Proposal 6: RRC configured Parameters and rules regarding how to extend UTO-UCI reporting to multiple CG configurations include:
- Through which CG configuration the UE can send the UTO-UCI.
- The sent UTO-UCI indicates which CG configurations TO usage.
- Encode the UTO-UCI bits for different CG configurations.
Proposal 7: Support to reuse the same generation order between CG-UCI and HARQ-ACK for multiplexing of UTO-UCI and HARQ-ACK.
Proposal 8: Support the UTO-UCI have lower priority than HARQ-ACK. When the collision occurs between HARQ-ACK and UTO-UCI when multiplexing is not configured, the UE temporarily disables UTO-UCI transmission on the CG PUSCH occasion and falls back to existing HARQ-ACK multiplexing in CG PUSCH behavior.
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