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Introduction
The following objectives on XR-specific capacity improvements (RAN1, RAN2) have been identified by the work item description (RP-230786)
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

Further, in RAN1#112bis-e, Alt-A1, B, and C2 were selected for further consideration.

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

In our view, multiple active staggered CG configurations can reduce/eliminate the TDD configuration issue (in each video frame period, there could be ‘x’ UL slots by choosing a proper CG configuration out of the multiple active staggered CG configurations). In addition, multiple active staggered CG configurations can take care of misalignment between UL XR traffic with non-integer periodicity and configured grant transmissions. 

Assuming multiple CG configurations, Alt-B seems sufficient especially with a specification change in which semi-statically available UL slots are considered for the purpose of TDRA.
   
Proposal 1:  Support Alt-B for time domain resource allocation of CG PUSCHs associated to multi-PUSCHs CG.
· Semi-statically available UL slots are considered for the purpose of TDRA.
HARQ Process ID
For HARQ process determination, the following agreement was made in RAN1#112bis-e:

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.

In our understanding, a fundamental design aspect for HARQ process ID assignment is to provide sufficient time amongst CG occasions of the same HARQ process ID such that if a TB of an earlier CG occasion of a HARQ process needs a retransmission, the latter CG occasion of the HARQ process can still be used. Due to the modulo operation in the HPID assignment, for small number of configured HARQ processes, such distance maybe shortened for some of the approaches above (e.g., Y>1 for 3 configured HARQ processes, and 3 CG occasions per CG period). In our view, selecting ‘X= the number of configured PUSCHs in the CG period’ can provide reasonable distance amongst the CG occasions of the same HARQ process ID, and the benefits of offsets1 and 2 are not clear, especially considering possibility of
· configuring multiple active CG configurations to take care of non-integer periodicity and jitter.
· misunderstanding between UE and gNB with respect to unused CG occasions 

Observation 1:  For determination of HARQ process ID, HARQ process collision (between a re-transmission of a TB of an earlier CG occasion and a TB of a latter CG occasion) for small number of configured HARQ processes should be considered. 

Proposal 2:  For determination of HARQ process ID, X= ‘the number of configured PUSCHs in the CG period’, Y=1, and offset 1=offset 2=0.
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.

Unused Occasion Mapping
The following related agreements were made in RAN1#112bis-e:
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.

One basic design aspect is whether different UTO-UCI instances have the same bitmap size. 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).

Proposal 3:  The size of UTO-UCI is the same for different instances of UTO-UCI. 
 
A fundamental design criterion is to determine the time window (or the set of TOs a UTO-UCI is applicable to). One design approach is to configure the bitmap size, and then determine the time window based on the configured bitmap size (referred to as approach A) and another design approach is to define the time window and determine the bitmap size based on the number of TOs within the time window (referred to as approach B). In our view, there is no fundamental difference between option A and option B, and hence, we focus on option A.

Proposal 4:  UTO-UCI bitmap size is configured as part of UTO-UCI configuration.

To determine the start of the time window (referred to as TO_s) the following design aspects can be considered:

· Option 1: Same TO_s for all the UTO-UCIs associated with the same set of TOs
· Option 2: Sliding TO_s wherein each UTO-UCI has its own TO_s
Option 1 offers the benefit of being able to signal the same bitmap at different UTO-UCI instances of the time domain window, whereas option 2 allows for signalling unused occasions within a subset of TOs of the set of TOs of a time duration (e.g., a CG period), which could be useful in case number of TOs within the time duration is larger than the bitmap size. In option 2, two subsets of TOs can overlap, and for an overlapped TO, the two bitmaps provide consistent information with respect to unused status of the same TO. It is noted that in option 2, UTO-UCIs of the last few TOs could provide information only in few first bits of their corresponding bitmaps as there are no further TOs in the time duration (e.g., the CG period), hence, option 1 is more preferred. 

Proposal 5:  All UTO-UCI instances within the same CG period indicate the same bitmap. 

The starting TO of the time domain window (assuming option 1 above) can be:
a) The first configured TO in the CG period in case UTO-UCI indicates unused occasions within a single CG period.
b) Determined based on a periodicity and offset
a. The periodicity can be a multiple of the CG period in which UTO-UCI is sent
b.  The offset can be configured with respect to a reference time; the reference time can be
i. the time DCI activating the CG configuration is sent for Type2 CG; FFS Type1 CG
ii. Beginning of the CG period in which UTO-UCI is sent
The duration of the time window can be determined based on:
i. Periodicity of the CG configuration
ii. RRC configuration 
Proposal 6:  UTO-UCI indicates unused CG occasions within a time window defined by a duration and a start time; wherein 
· the duration is determined based on the configured bitmap size 
· and the start time is the beginning of a CG period of the CG configuration.
· FFS beginning is subject to a TO offset >=0

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 configurations, including identifying which CG configurations to be considered in the UCI indication, and how to order the CG occasions.

Observation 2: UTO-UCI indicating unused CG occasions of multiple CG configurations can help gNB schedule the unused CG occasions faster at the cost of more specification impact including ordering of CG occasions. 

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 7: If a UTO-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. 

Consistency of UCI Indication
In RAN1#112bis-e, the following was agreed:
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.

In our view, considering the agreed bitmap structure of UTO-UCI, all the UTO-UCIs associated with the same set of CG occasions, should be consistent, as gNB may have already assigned the previously indicated unused CG occasions to another UE. 

Proposal 8: UTO-UCIs associated with the same set of CG occasions provide consistent information.

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 9: Discuss invalid UTO-UCI indications.

UCI Multiplexing
The following related agreements were made in RAN1#112bis-e:

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.

With respect to FFSs, we don’t see a strong justification to deviate from using a similar mechanism used for the case of CG-UCI and HARQ-ACK.

Proposal 10: Handling of UTO-UCI and HARQ-ACK is similar to that of CG-UCI and HARQ-ACK. 

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:  For determination of HARQ process ID, HARQ process collision (between a re-transmission of a TB of an earlier CG occasion and a TB of a latter CG occasion) for small number of configured HARQ processes should be considered. 

Observation 2: UTO-UCI indicating unused CG occasions of multiple CG configurations can help gNB schedule the unused CG occasions faster at the cost of more specification impact including ordering of CG occasions.

Proposal 1:  Support Alt-B for time domain resource allocation of CG PUSCHs associated to multi-PUSCHs CG.
· Semi-statically available UL slots are considered for the purpose of TDRA.

Proposal 2:  For determination of HARQ process ID, X= ‘the number of configured PUSCHs in the CG period’, Y=1, and offset 1=offset 2=0.


Proposal 3:  The size of UTO-UCI is the same for different instances of UTO-UCI. 

Proposal 4:  UTO-UCI bitmap size is configured as part of UTO-UCI configuration.

Proposal 5:  All UTO-UCI instances within the same CG period indicate the same bitmap. 

Proposal 6:  UTO-UCI indicates unused CG occasions within a time duration defined by a length and a start time; wherein 
· the length is determined based on the configured bitmap size 
· and the start time is the beginning of a CG period of the CG configuration
· FFS beginning is subject to a TO offset >=0


Proposal 7: If a UTO-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 8: UTO-UCIs associated with the same set of CG occasions provide consistent information.

Proposal 9: Discuss invalid UTO-UCI indications.

Proposal 10: Handling of UTO-UCI and HARQ-ACK is similar to that of CG-UCI and HARQ-ACK. 
