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1. Introduction
Regarding XR-specific capacity improvements, the following Objectives are in the Rel-18 WID:
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 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);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)

Note: Impacts to RAN3 will be assessed at RAN#99


In this contribution we provide our views on the enhancements for XR in Rel-18. 
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XR use cases and drivers for NR enhancements for XR

eXtended Reality (XR) is a broad term covering Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR). Along with Cloud Computing, XR applications typically require high throughput and low latency. A part of end-to-end packet latency is contributed by those from radio network and transport network. With Edge Computing, the proportion of latency contributed by other parts in the end-to-end service can be reduced, and it makes more readily achievable for low latency.  

The 5G system has been designed to deliver eMBB, URLLC and mMTC services. For NR, support of eMBB and URLLC was introduced in Rel-15, enhancements have been made in Rel-16 and are under way in Rel-17.

If the XR use cases are not distinct enough from existing eMBB/URLLC use cases, XR-specific enhancements are hardly justified, as there are many already for generic eMBB/URLLC use cases. From discussion in [5][6], SA4 study[8][9][10], and cited studies from [3][4], we do see some unique characteristics in the traffic profile of XR applications. Then XR-specific traffic characteristics [5][12], especially multiple periodic data streams with variable packet sizes as depicted in Figure 1, should be the driving motif for NR enhancements for XR. We have

Observation: Rel-18 NR enhancements for XR should be motivated by XR services’ traffic characteristics, especially the multiple data flow aspects.
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Figure 1 Multiple data flows in XR traffic
General aspects for capacity enhancement
In this section, we discuss desired features to support XR traffic. In the next section, we discuss specification support to enable those desired features.
CG periodicity and traffic periodicity

From SA4 and RAN1 discussions, we can see support of video traffic is a salient component in XR service.  Video traffic has some unique characteristics:
· Non-integer periodicity, video at 60, 90 and 120 frames/second
· Time-varying packet size, e.g., due to I-frame or P-frame/B-frame
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Figure 4 Multiple data streams with periodical traffic arrivals and time-varying packet size
As video frames can be generated at regular time epochs, DL SPS and UL configured grant should be the first candidates considered to accommodate the XR traffic in general, and video traffic in particular. However, the Rel-16 NR design has some limitations. Note the DL SPS periodicity and UL configured grant periodicity available in Rel-16 do not match well with video traffic’s:
· Supported periodicity for DL SPS in Rel-16 NR:
· {1, …, 640} milliseconds for a NR system at 15 KHz subcarrier spacing,          
· {1/2, 1, 3/2, …, 640} milliseconds at 30 KHz, etc.
· …
· Supported periodicities for UL configured grant in Rel-16 NR:
· Multiple of 1 millisecond for 15 KHz up to 640 milliseconds, 2 symbols (1/7 milliseconds), 7 symbols (0.5 milliseconds)
· Multiple of 1/2 millisecond for 30 KHz up to 640 milliseconds, 2 symbols (1/14 milliseconds), 7 symbols (0.25 milliseconds)
· With video frames generated at 30, 60, 90, 120 Hz, out of many periodicities supported currently in NR for SPS and CG, none is a good match for any of them.  

We unfortunately note the tempo mismatch issue may not be addressed through the support of new CG periodicity in Rel-18. Due to that, one issue is the start time of a CG period may not be aligned with the arrival of traffic. For example, even if the misalignment may be small at the activation time of Type 2 CG configuration, with the pass of time, the misalignment can become large. 

We have
Observation: as the tempo mismatch issue for configured grants may not be addressed through the support of new CG periodicity in Rel-18, it is expected that the start time of a CG period may not be aligned with the arrival of traffic.

Overview of configured grant enhancement

With the objectives in the WID:

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);

Key aspects for the study should include the TDD pattern’s impact on uplink transmission. In our view, the resource adaptation is relevant to adjust the resource footprint within a single uplink transmission or a single contiguous uplink transmission. 

For UL, embedded signaling can be used to adapt the transport block size. For example, as shown in Figure 1, CG-UCI can be enhanced to indicate the MCS level or number of symbols in the PUSCH so the transport block size can be adopted according to the current need of XR traffic. By not taking all the available PRBs, the intercell interference in uplink can be reduced. 

Another use case of reporting MCS level is to allow payload size breathing. One example can be constructed to illustrate the point: assume two configured grant configurations with different periodicities are activated on the same cell. It may happen that in a given slot,  two CG PUSCHs associated with them overlap. As simultaneous transmission of PUSCHs on the same cell is not supported (and should not be supported), in the current NR design, the UE has the choice to generate MAC PDU for one of them (say CG PUSCH-1), but the other one has to be dropped (CG PUSCH-2). Such a treatment may not be ideal, and CG PUSCH-2’s would-be MAC PDU has to wait. However, if the indication of MCS is supported, then the UE may be able to generate a large enough MAC PDU for both packets intended for both configured grants. 
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Figure 5 Using CG-UCI to adapt the transport block size
  
Two sets of candidates for PUSCH partial transmission can be used respectively for two UEs, e.g., Set 1 for UE 1 and Set 2 for UE2. Similar to the first approach, collision between UE 1 and UE 2 can be avoided at times. With such an approach, statistical sharing of resources between UEs may be possible. As discussed under the topic of tempo mismatch, another key consideration is the misalignment between the start of a CG period and the arrival of traffic. In example 1, packets for a video frame arrive in time so the first and second occasions are taken, the UCI embedded in PUSCH indicates to the network the resource usage. In the example, the UCI indicates that the first occasion and the second occasion are occupied. With that, the network may be able to allocate other UEs to transmit over occasions not taken by the UE.  In example 2, packets for a video frame are not available at the first occasion, but they are available from second occasion on. A simplistic treatment would be to defer the transmission of those packets to the next CG period, which would add to the latency experienced by those packets and stringent QoS requirements for them may not be met consequently. Hence a reasonable treatment is to allow the transmission to start in a later occasion after the first occasion, e.g., the 2nd occasion and third occasion as in the illustration. We note once UE behaviors as in Example 1 and Example 2 are allowed, there may be ambiguity at the network side: assuming for both cases the UCI indicates the use of two occasions, if the network decodes such a UCI at the second occasion it might be at a loss to determine whether the third occasion & fourth occasion are vacated as in Example 1 or only the fourth occasion is vacated as in Example 2. We have

Proposal 2: UCI signaling supports the indication of the starting occasion and the number of occupied occasion(s). 
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Figure 3 Example 1
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Figure 4 Example 2
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Figure 5 Partial PUSCH usage in the time domain
 Proposal 3: support partial resource/occasion usage in the frequency domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 4: support partial resource/occasion usage in the time domain to allow statistical multiplexing of UE traffics minimizing collision.

 For TDD, with a UL/DL pattern like DDDSU, the number of available uplink symbols may not be the same in every slot. To better utilization UL resources, it can be allowed the number of OFDM symbols for each PUSCH can be different. 

Proposal 5: CG PUSCH occasions with the same CG configuration can be associated different number of OFDM symbols.

Discussion on design alternatives
PUSCH transmission can be characterized by its footprint in the time domain, in the frequency domain and in the power domain. TDRA and the selected occasions, FDRA, MCS level(s) can be controlled by the UE to achieve better resource sharing and lower intercell interference.
TDRA determination
On Time domain resource determination from RAN1 #112,  multiple alternatives were captured. With further agreement reached in RAN1 #112bis:

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




Among the alternatives, Alt. C2 provides the most flexibility in configuring time domain resources for occasions in a CG PUSCH configuration. Potentially the number of OFDM symbols in PUSCH can vary from one occasion to another, consequently the corresponding transport block size can vary as well, which may not be desirable in handling LBT (Listen-Before-Talk) failure in unlicensed/shared spectrum access. In our view, as the WID does not prescribe the enhancements are for licensed spectrum access only, unlicensed/shared spectrum access can be considered in the design. However, other alternatives including that based on the NR-U framework don’t handle DL symbol collision well. As TDD spectrum is important for network capacity, the support to deal with unlicensed spectrum access and the support for TDD spectrum needs to be balanced.  Then to keep the flexibility of Alternative-C2, and at the same time not to complicate the LBT procedure, then it can be mandated when the TDRA signaling is used over unlicensed spectrum, there is no gap between adjacent TOs. We haveAgreement 
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
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-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

Proposal 6: Consider both licensed spectrum access and unlicensed/shared spectrum access in the TDRA design. For unlicensed spectrum access, no gap in the time domain is presented between adjacent TOs. 


HPID determination 

Conclusion on scope of HPID design
RAN1 discusses to decide how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.

Agreement on HPID design alternatives
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, consider the following alternatives:
· Alt. 1:  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 period duration divided by X instead of the period duration.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.
· Alt 1-1; X = 1
· Alt 1-2: X is the number of configured PUSCHs in a period
· Alt 1-3: X is provided by RRC configuration.
· FFS details
· Alt. 2: Support that UE can decide, as in NR-U, the HARQ IDs for the multiple CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· FFS details	
· Alt. 3: The HARQ process ID for the configured PUSCHs in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· FFS on potential enhancements different from previous alternatives
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· FFS details
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· FFS details
· Alt. 4:  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.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS on potential enhancements different from previous alternatives
· Alt 5: Support that UE can decide, as in NR-U, the HARQ IDs for the first CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS details
· Alt 6: FFS other solutions


The HPID for the first occasion is in red. The difference among Alt. 1-1 ~ 1-3 is illustrated below. A pair of square brackets represents a CG period. N is the number of transmission occasions within a CG period, the numbers within a pair of square brackets are HPID, e.g., for Alt. 1-1 the HPIDs in the first CG period are X, X+1, X+2, …, X+N-1.

Alt. 1-1:
[X, X+1, X+2, …, X+N-1],   [X+1, X+2, …, X+N], …

Alt. 1-2:

[X, X+1, X+2, …, X+N-1],   [X+N, X+N+1, …, X+2*N-1], …

Alt. 1-3:
[X, X+1, X+2, …, X+N-1],   [X+M, X+M+1, …, X+M+N-1], …

Under the Rel-18 XR WID, supporting XR traffic with low latency requirement is key, Alt. 1-1 is a simple solution which covers the XR use case well. Even though Alt. 1-2 or Alt. 1-3 may provide some benefit for traffic with relaxed latency requirement, they are not well motivated in the context of XR.  

At RAN1 #112bis-e, more alternatives are considered in the agreement:


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.

Based on the design, Alt. 1-1 from RAN1 #112 is still preferred. And we have

Proposal 7: for the HPID determination of the first TO’s, X=1. 
Encoding and multiplexing for the “new UCI”

Agreement on the encoding and multiplexing of the “new UCI”
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details

Agreement
Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details

For unlicensed spectrum access, the existing fields in CG-UCI may be always present to minimize impact to any procedure/functionality in the specification, thus the new UCI and CGI-UCI are present. For licensed spectrum access, in one design, it may happen only the new UCI is present, e.g., HPID is determined according to specification rather than UE indication, and only new transmission of a transport block is supported hence NDI is not needed. In another design, retransmission of a transport block previously carried by CG-PUSCH is supported, then HPID indication and NDI from the UE becomes necessary. 

Table 1 Design examples
	
	HPID
	NDI
	Channel Access info
	UTO indication
	Other indication 

	Unlicensed access
	Yes
	Yes
	Yes
	Yes
	

	Licensed access
	No (if HPID is determined from specification & retransmission over CG is not supported)
	No (if retransmission over CG is not supported)
	No
	Yes
	




We have

Proposal 8: RAN1 discusses and decides whether retransmission of a transport block previously carried by CG-PUSCH can be sent by a CG-PUSCH.


Transmission of the new “UCI”
The  design choice for transmission of the new “UCI”  was settled by the agreement in RAN1 #112bis-e:

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.


Contents of the new UCI

Agreement -1  (RAN1 #112)
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· 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
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Other options are not precluded. Proponent companies to provide details.

Agreement-2 (RAN1 #112bis)
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.

Agreement-3 (RAN1 #112bis)
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)


During Rel-17 and Rel-18 study on XR, as far as we are aware, only a single CG period was considered for adapting resource(s) for PUSCH. Hence the UTO-UCI signaling should be for a CG period. Additionally using multiple CG periods to serve traffic may be suitable for URLLC, but not suitable for XR as discussed at RAN1 #112bis-e. We have
Proposal 9: UTO-UCI signaling is for a single CG period.


On UTO-UCI signaling design, Agreement-2 & Agreement-3 above prescribe that a bitmap is used for UTO signaling, an a bit corresponding a TO within a time duration/range. On the bitmap design, there are several related design choices, and provide design options for them:
· For a given CG configuration, whether the bitmap is of a fixed size or the bitmap size can vary. For example, if the size of the bitmap is allowed to vary, then for CG period m, the bitmap size may be 4 bits,  and for CG period n, the bitmap size may be 5 bits. 
· Alt. E-1
· The UTO-UCI bitmap size is fixed for a CG configuration. 
· Alt. E-2:
· The UTO-UCI bitmap size may vary, e.g., for different CG periods

· The timing of the first indicated TO in the bitmap. For example if a UTO bitmap is given by [b1 b2 b3 b4], which TO does “b1” refer to?
· Alt. F-1
· The first bit b1 refers to the TO where the CG PUSCH carrying the current UTO-UCI is transmitted. The rest bits are mapped to the first, second, … TOs after that TO;
· Alt. F-2
· The first bit b1 refers to the first TO in a CG period, and the rest bits are mapped to the second, third, … TOs in the CG period.
· The bitmap size determination
· For bitmap size determination, the UTO-UCI bitmap size is according to the number of configured TOs in a  CG period. 

In summary, we have
Proposal 10: Consider two options in UTO-UCI design:
· Alt. E-1
· The UTO-UCI bitmap size is fixed for a CG configuration. 
· Alt. E-2:
· The UTO-UCI bitmap size may vary, e.g., for different CG periods.

Proposal 11: consider two options in UTO-UCI bitmap to TO mapping:
· Alt. F-1
· The first bit b1 refers to the TO where the CG PUSCH carrying the current UTO-UCI is transmitted. The rest bits are mapped to the first, second, … TOs after that TO;
· Alt. F-2
· The first bit b1 refers to the first TO in a CG period, and the rest bits are mapped to the second, third, … TOs in the CG period.

Proposal 12: the UTO-UCI bitmap size is according to the number of configured TOs in a CG period.

Handling multiple CG configurations 
In general, within the same CG configuration, the information provided by UE should be consistent from transmissions at multiple occasions. Providing consistent information from multiple occasions from different CG configurations can be supported by Alt. G-2 below. 

To handle overlapping TOs from multiple CG configurations on the same cell, broadly there can be two designs:
· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same carrier. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same carrier. 


We have 

Proposal 13: regarding multiple CG configurations on the same cell, consider the following two options:

· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same carrier. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same carrier. 


 

 
Conclusion
In this contribution, we provide our views on enhancement for XR. We have 

Observation: as the tempo mismatch issue for configured grants may not be addressed through the support of new CG periodicity in Rel-18, it is expected that the start time of a CG period may not be aligned with the arrival of traffic.

Proposal 1: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 

Proposal 2: UCI signaling supports the indication of the starting occasion and the number of occupied occasion(s). 

Proposal 3: support partial resource/occasion usage in the frequency domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 4: support partial resource/occasion usage in the time domain to allow statistical multiplexing of UE traffics minimizing collision.

Proposal 5: CG PUSCH occasions with the same CG configuration can be associated different number of OFDM symbols.

Proposal 6: Consider both licensed spectrum access and unlicensed/shared spectrum access in the TDRA design. For unlicensed spectrum access, only those TDRA patterns allowed in NR-U design can be configured. 

Proposal 7: for the HPID determination of the first TO’s, X=1. 

Proposal 8: RAN1 discusses and decides whether retransmission of a transport block previously carried by CG-PUSCH can be sent by a CG-PUSCH.

Proposal 9: UTO-UCI signaling is for a single CG period.

Proposal 10: Consider two options in UTO-UCI design:
· Alt. E-1
· The UTO-UCI bitmap size is fixed for a CG configuration. 
· Alt. E-2:
· The UTO-UCI bitmap size may vary, e.g., for different CG periods.

Proposal 11: consider two options in UTO-UCI bitmap to TO mapping:
· Alt. F-1
· The first bit b1 refers to the TO where the CG PUSCH carrying the current UTO-UCI is transmitted. The rest bits are mapped to the first, second, … TOs after that TO;
· Alt. F-2
· The first bit b1 refers to the first TO in a CG period, and the rest bits are mapped to the second, third, … TOs in the CG period.

Proposal 12: the UTO-UCI bitmap size is according to the number of configured TOs in a CG period.

Proposal 13: regarding multiple CG configurations on the same cell, consider the following two options:

· Alt. G-1
· There is no dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration.
· The consistency of UTO-UCI is maintained for UTO UCI signaling carried by CG PUSCHs with the same CG configurations, e.g., a later UTO-UCI cannot revert a TO to “used” or “non-unused” if that TO was previously indicated by another UTO-UCI as “unused”.
· Alt. G-2
· There is dependence between UTO-UCI signaling carried by a CG PUSCH with one CG configuration and UTO-UCI signaling carried by a CG PUSCH with another CG configuration. Effectively any UTO-UCI provides usage-information of an uplink carrier at the OFDM symbol level, if an OFDM symbol is within a CG PUSCH TO which is indicated as “unused”, then the UE will not transmit any CG PUSCH colliding with that OFDM symbol on the same carrier. 
· The consistency of UTO-UCI is maintained across UTO-UCI signaling carried by CG PUSCHs for CG configurations on the same carrier. 
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