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Introduction
The following objectives on XR-specific capacity improvements (RAN1, RAN2) have been identified by the work item description (RP-223502)
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);
This contribution provides details of such specification.
Discussion
Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
TDRA
   The following agreement was made in RAN1#112 for determination of CG occasions in a period:
Agreement
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-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

Alt-C2 seems to offer most flexible time domain allocation (supporting non-consecutive TOs which could be useful in TDD configurations with DL slots in between UL slots) amongst the alternatives. To support Alt-C2 some specification changes may be required such as new extendedK2-r17 to SCS mappings (extendedK2-r17 is dependent on SCS). Alt-B based on NRU specification seems also simple (and provides harmony between unlicensed and licensed spectrum designs) albeit with less flexible time domain allocation (considering TDD configuration and CG configuration mismatch).   
Proposal 1:  Support Alt-C2 for time domain resource allocation of CG PUSCHs associated to multi-PUSCHs CG. 
HARQ Process ID
For HARQ process determination, the following agreement was made in RAN1#112:
 Agreement
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
Note: The case of one TB map to multiple PUSCHs is not considered here.

In our understanding Alt. 4 seems to be simple from specification perspective. Unlike dynamic scheduling of multiple PUSCHs, it would be more robust to assign a HARQ process ID to a configured CG occasion as opposed to a valid CG occasion as gNB may not be able to detect PUSCH transmission in some of the CG PUSCH occasions. 

Proposal 2:  Support Alt. 4 for HARQ process ID determination.
· A HARQ process ID is assigned to a configured CG PUSCH occasion.
MCS and FDRA
The following related agreement was made in RAN1#112:
Agreement
For the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.
In case of UL jitter (e.g., in a tethered scenario), such variable MCS/FDRA assignment might lead to inefficient design (e.g., a conservative MCS).

Depending on how different MCS/FDRA are assigned to CG PUSCH occasions (configured vs. valid CG occasions), there could be misunderstanding between gNB and UE in case gNB misses some of the CG PUSCH transmissions or decoding of multiple hypotheses might be required (e.g., corresponding to different FDRA lengths).

Proposal 3:  Same MCS/FDRA is applied to CG occasions within a period.  
Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
To accommodate variable video frame/PDU set size, a configured grant can provide multiple PUSCH transmission occasions, and UCI can indicate if some of the PUSCH occasions are unused, which can help gNB to schedule UL transmissions in unused resources. Other than variation in PDU set size, there could be other scenarios leading to unused CG occasions such as when PSDB (PDU Set Delay Budget) for a PDU set is expired or a PDU of a PDU set is lost. Several aspects of such UCI indication are provided in the following.

UCI Transmission Occasion
The following related agreements were made in RAN1#112:
Agreement
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.

Options 1-3 (UCI is multiplexed into PUSCH transmissions of deterministic CG-PUSCH occasions) do not require gNB to perform two-hypotheses PUSCH decoding (depending on whether UCI is multiplexed into a PUSCH) or reliably detecting whether a transmission occasion satisfies given condition(s).  Option 4 can be useful if UL traffic has jitter (e.g., XR traffic in a tethered scenario), especially, if UCI is to be transmitted once in a time window in which case having a deterministic occasion for UCI transmission may not be useful as traffic might have not yet arrived for the UE to send a PUSCH in the deterministic PUSCH occasion.

For option 2/3/4, more specification effort is needed. For example, for option 2, gNB configures a bitmap to indicate the TOs for UCI transmission. For option 3, some predefined TO locations should be discussed, and even for different number of TOs within a time duration, different predefined TO locations should be determined. For option 4 the conditions should be specified. Considering UCI size is generally small compared to a UL XR TB size, we suggest selecting option 1, which has less specification impact. 

Proposal 4:  A transmitted CG PUSCH includes the UCI.
Unused Occasion Mapping
Unused occasions can be mapped in a code-point or in a bitmap manner, wherein the bitmap (without interleaving of CG occasions for mapping purpose) imposes certain structure on how to map CG occasions for the sake of indication, whereas the codepoints can be configured (even for every UCI occasion). The following related agreements were made in RAN1#112:

Agreement
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. 

A bitmap scheme may be more suited for UL traffic with jitter. Another advantage could be simplification of the specification. Depending on the number of occasions with respect to number of corresponding UCI bits, a CG occasion grouping might be needed, and the corresponding bit for the group is set to ‘1’ (unused CG occasion group) only if all CG occasions within the group (potentially excluding the CG occasion of the UCI) are unused CG occasions.

Proposal 5:  UCI indicates a bitmap of unused status of CG PUSCH occasions.
· If CG occasions are grouped for the sake of unused CG occasion indication, a CG occasion group is indicated as unused only if all CG occasions within the group (potentially excluding the CG occasion of the UCI) are unused CG occasions.
· 
In our view, it might be simpler from specification point of view (especially if a UCI indicates unused occasions of multiple CG configurations as described in section 2.2.5) for UCI to indicate whether a time unit (e.g., a slot) is unused rather than a group of CG occasions is unused.

Proposal 6:  UCI indicates whether a time unit (e.g., slot) is unused.
UCI Field Size
If UCI is transmitted in multiple CG occasions indicating unused CG occasions within a time duration (as discussed in section 2.2.1), the field size can be dynamic or static. Considering large UL packet size for XR compared to the UCI overhead, saving few UCI bits may not be well motivated, therefore a static (configured) field size can be used (like other CG-UCI fields which have a static size), which may bring additional benefits, such as faster re-transmission of a CG-PUSCH (depending on probability of gNB missing a CG-PUSCH transmission). On top of indicating future unused CG PUSCH occasions, gNB can benefit from UE indicating whether previous CG occasions had CG PUSCH transmissions, or were unused. For instance, in the example shown below, assume there are 4 CG occasions within a time duration, and the bitmap length is 3-bits. If gNB misses CG-PUSCH transmission in slot1, and a UCI is sent in slot 2, the UCI indicates slot 1 is used (or not unused), gNB understands that there was a transmission in slot 1, which gNB had missed. In that case, gNB can schedule a re-transmission for the TB of slot 1 faster e.g., compared to a case that a re-transmission timer is exceeded.
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Figure 1: slots 1 and 2 are used, and slots 0 and 3 are unused; UCI1 indicates ‘101’, meaning slot 0 unused, slot 2 used, slot3 unused. UCI2 indicates ‘101’, meaning slot 0 unused, slot 1 used, and slot3 unused.

Proposal 7:  UCI field indicating unused CG occasions has a fixed (configured) size.
· UCI can indicate unused past and future occasions
Applicable Time Window for UCI Indication
A UCI can indicate unused CG occasions within a time duration
1. The length of time duration can be 
a) a single period of a CG configuration, or multiple periods of a CG configuration
b) RRC signalled
2. The start of the time duration can be
a) the starting symbol of a CG period.
b) the N-th symbol/CG occasion after UCI transmission, N>0. 
i. e.g., N>1 can offer gNB some time to process UCI.
3. The end of the time duration can be the end of a period of a CG configuration.

In our view, it is sufficient to choose the applicable time window to be one or multiple period(s) of a CG configuration.
Proposal 8:  UCI indicates unused CG occasions within a time duration defined by a length and a start time; wherein 
· the length is one (or multiple) period(s) of CG configuration in which UCI is transmitted
· and the start time is the beginning of a CG period of the CG configuration
· FFS beginning is subject to a symbol offset >=0

The applicable time window does not include symbols for reception of SS/PBCH blocks and/or DL symbols indicated by tdd-UL-DL-ConfigurationCommon and/or symbols corresponding to a measurement gap. This exclusion is similar to that of UL cancellation and could provide better resolution of unused CG occasions if multiple CG occasions are bundled for the sake of indication of unused CG occasions. It could be further discussed whether dynamically cancelled CG PUSCH occasions (e.g., via UL-CI or SFI) should also be excluded from set of symbols of the applicable time window.

Proposal 9:  The applicable time window does not include symbols for reception of SS/PBCH blocks and/or DL symbols indicated by tdd-UL-DL-ConfigurationCommon and/or symbols corresponding to a measurement gap.
· FFS: other symbols/CG occasions (e.g., cancelled by UL-CI or SFI)
 
UCI Indication Applicability to Single or Multiple CG configurations
Some benefits of enabling a UCI to indicate unused transmission occasions of multiple CG configurations as opposed to those of a single CG configuration include a) providing gNB the available CG occasions of multiple CG configurations faster which leads to better scheduling decisions b) having less UCI multiplexed in PUSCH occasions; however, more specification effort is needed to enable CG-UCI indication of unused occasions of multiple CG configuration, including identifying which CG configurations to be considered in the UCI indication.
In our view, one approach that can simplify the specification effort of supporting UCI indicating unused occasions of multiple CG configurations is to use indication of unused time units (e.g., slots) as proposed in proposal 6. Such an approach could avoid defining rules for mapping of overlapped CG occasions of different CG configurations to a UCI indication. 

Observation 1: Indication of unused time units (e.g., slots) may simplify support of UCI indication for multiple CG configurations. 

If UCI indication (UCI1) is only applied to a single CG configuration, then there could be a case that even if a TO for one CG configuration (TO1 for CG1) is indicated as unused, gNB may not be able to re-use the unused TO if there is another TO for another CG configuration (TO2 for CG2) overlapped partially with the TO in both time and frequency domains, unless a) gNB receives another UCI indication corresponding to CG2 (in a timely manner w.r.t. UCI1) indicating TO2 is unused or b) a rule/UE behaviour is defined enforcing UE to only indicate TO1 unused if the UE knows TO2 is unused.

Proposal 10: If a UCI indicates unused CG occasions of only a CG configuration, decide whether handling of overlapped CG occasions across the CG configuration and another CG configuration is needed. 

Restrictions on UCI Indication
Some UCI indications may not be valid, for instance,
a) If a UE determines a TDW (time domain window) over which power consistency and phase continuity to be maintained across PUSCH transmissions (for the purpose of DMRS bundling), the UE is expected to indicate all the TOs of the TDW as unused if TO(s) containing DMRS are indicated unused. 
b) All repetitions of a TB, if any, are either indicated unused or used.
c) The UE is not expected to provide a UCI indicating at least a PUSCH occasion is unused when a BSR included in one of the PUSCH occasions indicates an amount of UL data that should occupy at least partially the indicated unused PUSCH occasion.
d) For Type-2 CG, the activation DCI would indicate multiple TOs to transmit the PUSCH in the first period. According to the specification, if the activation DCI triggers a A-CSI report, the A-CSI should be carried on the second scheduled PUSCH or penultimate scheduled PUSCH. But if the second scheduled PUSCH or penultimate scheduled PUSCH is not used, whether and how the CSI should be transmitted should be discussed further. One way could be the UE is not expected to provide a UCI indicating the PUSCH occasion is unused when a A-CSI is to be transmitted there.
Proposal 11: Discuss invalid UCI indications.


UCI Type
The following related agreements were made in RAN1#112:

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
In our view, a new UCI type could lead to a cleaner design (without need to extend CG-UCI fields to licensed spectrum). Beta offset, and UCI priority can be further discussed. 

Proposal 12: New UCI type indicates unused CG occasions.
· FFS: beta offset and UCI priority
Conclusions
This contribution provided our views regarding specification aspects of (a) multiple CG occasions within a CG period and (b) UCI indicating unused CG occasions:

Observation 1: Indication of unused time units (e.g., slots) may simplify support of UCI indication for multiple CG configurations. 

Proposal 1:  Support Alt-C2 for time domain resource allocation of CG PUSCHs associated to multi-PUSCHs CG.
Proposal 2:  Support Alt. 4 for HARQ process ID determination.
· A HARQ process ID is assigned to a configured CG PUSCH occasion.

Proposal 3:  Same MCS/FDRA is applied to CG occasions within a period.  

Proposal 4:  A transmitted CG PUSCH includes the UCI.

Proposal 5:  UCI indicates a bitmap of unused status of CG PUSCH occasions.
· If CG occasions are grouped for the sake of unused CG occasion indication, a CG occasion group is indicated as unused only if all CG occasions within the group (potentially excluding the CG occasion of the UCI) are unused CG occasions.

Proposal 6:  UCI indicates whether a time unit (e.g., slot) is unused.

Proposal 7:  UCI field indicating unused CG occasions has a fixed (configured) size.
· UCI can indicate unused past and future occasions

Proposal 8:  UCI indicates unused CG occasions within a time duration defined by a length and a start time; wherein 
· the length is one (or multiple) period(s) of CG configuration in which UCI is transmitted
· and the start time is the beginning of a CG period of the CG configuration
· FFS beginning is subject to a symbol offset >=0


Proposal 9:  The applicable time window does not include symbols for reception of SS/PBCH blocks and/or DL symbols indicated by tdd-UL-DL-ConfigurationCommon and/or symbols corresponding to a measurement gap.
· FFS: other symbols/CG occasions (e.g., cancelled by UL-CI or SFI)

Proposal 10: If a UCI indicates unused CG occasions of only a CG configuration, decide whether handling of overlapped CG occasions across the CG configuration and another CG configuration is needed. 

Proposal 11: Discuss invalid UCI indications. 
Proposal 12: New UCI type indicates unused CG occasions.
· FFS: beta offset and UCI priority
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