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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]In 3GPP Rel-18 study item “Study on XR enhancements for NR”, progress has been made on many aspects, e.g. DRX support of XR frame rates corresponding to address non-integer periodicities, CG enhancements to address low latency and variable frame size issue. The results have been summarized in TR 38.835 [1]. For RAN Rel-18, a new WID “XR Enhancements for NR” has been approved in RAN#99e with the following areas: power saving, capacity and XR Awareness [2]. The details are as follows:
	(Copied from RP-230786 [2])
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); 



In this contribution, we provide our views on 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. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Multiple CG PUSCH transmission occasions in a CG period
TDRA design
In current specification, only one CG transmission occasion can be configured in a period of a single CG PUSCH in license spectrum. As per TS 38.321 Clause 5.8.2, for CG Type 1, the uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where periodicity is the CG period, SFN is sub-frame number, numberOfSlotsPerFrame is the number of slots per frame, numberOfSymbolsPerSlot is the number of symbols per slot. timeReferenceSFN is the SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration. timeDomainOffset is the offset of a resource with respect to SFN = timeReferenceSFN in time domain. S is the start symbol. 
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Figure 1. Illustration of configuration of legacy CG type 1 in license spectrum
For CG Type 2, the uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = [(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialized.
When considering multiple CG PUSCHs in one CG period, the following alternatives were agreed for determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG in RAN1#112 meeting:
	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


In RAN1#112bis-e meeting, how to determinate the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG has been further discussed. The following agreement has been achieved.
	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


TDRA determination based on NR-U framework (Alt-B):
For Alt-B, similar with multiple CG PUSCHs in NR-U, the first CG PUSCH transmission occasion in one CG period can be determined by the legacy equations and the number of the following consecutive slots are indicated by the parameter N, as shown in Figure 2. The parameter M indicates the number of multiple consecutive PUSCH within each slot of the same length L starting from symbol S. The parameters M and N can be configured by RRC in CG configuration so that this configuration method is applicable for both CG Type 1 and CG Type 2.
[bookmark: _Ref131778828]Observation 1: The framework based on NR-U (Alt-B) can apply to both CG Type 1 and CG Type 2. 
	(Copied from TS 38.214)
A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCH-InSlot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.


[image: ]
[bookmark: _Ref131499305]Figure 2. Illustration of configuration of multiple CG PUSCHs based on NR-U framework (Alt B)
TDRA determination based on repetition Type A framework (Alt-A1): 
For Alt-A1, the first CG PUSCH transmission occasion in one CG period is determined by the legacy equations. The UE can transmit TBs across the N consecutive slots applying the same symbol allocation in each slot, which is similar with Alt-B without M. 
[bookmark: _Ref131778834]Observation 2: The framework based on repetition Type A (Alt-A1) is similar with the framework based on NR-U (Alt-B) without the parameter M.
TDRA determination based on single DCI scheduling multiple PUSCHs (Alt-C2):
For Alt-C2, all the PUSCH occasion scheduled by single DCI can be determined by multiple K2 for Alt-C2. Each PUSCH has a separate K2. The number of scheduled PUSCHs N is determined by the number of SLIVs in the indicated row of TDRA table. The slots can be consecutive or non-consecutive.
· For CG type 2:
When considering multiple CG PUSCHs in one CG period, the above single DCI can be viewed as activation DCI for CG type 2. All the CG PUSCH occasions are determined by the legacy equations using different values of K2. Each CG PUSCH has separate SLIV. 
[image: ]
Figure 3. Illustration of configuration of multiple CG PUSCHs based on single DCI (Alt-C2) for CG Type 2 
· For CG type 1:
Instead of K2 in the TDRA table, the CG PUSCH occasion is determined by timeReferenceSFN and timeDomainOffset, which are configured by RRC for CG type 1. Moreover, K2 indicates the offset respect to DCI. In current single DCI scheduling multiple CG PUSCH feature, such DCI will carry parameters like MCS, RV, NDI, etc. However, since there is no activate DCI in CG type 1. Such parameters will be carried in RRC for CG type 1 and introduces additional workload. 
In addition, the selection of the time domain resource allocation table follows the rules for DCI format 0_0 on UE specific search space (see TS 38.214 Table 6.1.2.1.1-1/-2/-3), which does not contain multiple K2 or SLIVs in one row of TDRA table. Then, additional workload is needed to handle this.
In short, the framework based on single DCI scheduling multiple CG PUSCH is not suitable for CG Type 1 and additional workload is needed.
[bookmark: _Ref131778839]Observation 3: The framework based on single DCI scheduling multiple CG PUSCH (Alt-C2) is not suitable for CG Type 1 and additional workload is needed.
[bookmark: _Ref134692275][bookmark: _Ref131778863]Proposal 1: For TDRA design for multi-CG PUSCH, a unified design for CG type 1 and CG type 2 is preferred, and Alt-A1/Alt-B are supported.
In RAN1#112b-e, there is an “FFS: How to address TDD configuration issue”. In some TDD configurations, reusing the above three configuration mechanisms may result in different number of CG PUSCH occasions among different periods. For example, assume that the packet arrive rate is 60fps and the packet periodicity is ~16.67ms. As illustrated in Figure 4, in Alt-B, if the parameter N that indicated the number of consecutive slots within a CG period is configured as 8, there are two CG PUSCH occasions in the first period as the remaining 6 slots are downlink slots. The UE can transmit uplink data on this 2 CG PUSCH occasions. However, there is only one CG PUSCH occasion in the second period. The number of CG PUSCH occasions may vary in different periods. 
[image: ]
[bookmark: _Ref131439639]Figure 4. Illustration of different number of CG PUSCH occasions in different periods due to TDD configuration
In some periods, the number of CG PUSCH is small which would bring extra dynamic scheduling delay. While in other periods, the number of valid CG PUSCH is large which would result in a waste of resources. This brings great difficulty for the gNB in allocating configured grant resources. 
[bookmark: _Ref131777847][bookmark: _Ref131778842]Observation 4: The number of CG PUSCH occasions may vary in different CG periods due to TDD configuration, thus bring inaccuracy and difficulty for gNB configuration.
In NR-U, the above problem does not exist as there is no TDD format in unlicensed band. However, in license band, TDD format configuration should be taken into consideration. 
In R17 coverage WI, similar issue exists and the following mechanism is specified, i.e., a slot is not counted in the number of N slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
	(Copied from TS 38.214)
-	For unpaired spectrum:
-	If AvailableSlotCounting is enabled, the UE shall repeat the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot.
-	A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	Otherwise, the UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.


Similar mechanism as above can be taken to address the issue in Observation 4. For example, a slot is not counted in the configured N CG PUSCH occasion if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol.
[bookmark: _Ref131778867]Proposal 2: RAN1 to address the case where the configured CG PUSCH occasion(s) may overlap with DL symbol(s)/slot(s) due to TDD configuration. 
· The same number of CG PUSCH transmission occasions in each CG period shall be ensured.
Another issue is whether the CG PUSCH occasions within a CG period are consecutive or non-consecutive. In NR-U, the configuration provides the number of consecutive slots allocated within a configured grant period. The consecutive uplink slots can be re-interpreted as valid uplink slots within a CG period to address TDD configuration issue. Due to the limit PDB for XR traffic, there is no justification to configure CG PUSCH TOs to be non-consecutive.
[bookmark: _Ref134692236]Observation 5: Due to the limit PDB for XR traffic, there is no justification to configure CG PUSCH TOs to be non-consecutive.
HARQ process ID determination
According to the following agreements in the last meeting, the HARQ process ID determination for the multiple CG PUSCHs in a period is determined based on the following rule. 
	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.


As per the above agreement and discussion in the last meeting, there are four issues for further discussion, including:
1) Whether offset2= 0 or can be a non-zero value;
2) Whether X=1 or X= the number of configured PUSCHs in the CG period; 
3) Whether Y =1 or a value larger than 1; 
4) Whether offset1= 0 or can be a non-zero value.
Before discussing the above four issues, some principles should be reaffirmed:
· Firstly, CG PUSCH occasions that uses the same HARQ process ID should be spaced as far as possible in order to facilitate retransmission scheduling and processing of the gNB. In addition, as per R18 XR objective, RAN1 is going to specify that UE can indicate unused CG PUSCH occasion(s) within a CG period. If some CG PUSCH occasion(s) are unused, their corresponding HARQ ID can also be released. Then, it’s possible that HARQ ID determination can take the number of unused occasions in a period into account to maximize the gap between CG PUSCH occasions using the same HARQ process ID.
· Secondly, the maximum value of HARQ process for uplink transmission is 16. The more HARQ process used by CG, the fewer HARQ process are available for dynamic scheduling, which means less flexible for the gNB to schedule resource. For example, assume FPS is 60. Configure 3 CG configurations to address non-integer periodicity issue. There are 5 CG PUSCHs in one CG period and assume 5 HARQ process IDs are configured for each CG configuration. In this case, only one HARQ process ID is left for dynamic scheduling, which would restrict the flexibility of dynamic scheduling. Therefore, solution which uses less HARQ process is preferred.
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Figure 5. Illustration of HARQ process ID for multiple CG configurations
[bookmark: _Ref131778874]Proposal 3: Further study HARQ process ID determination mechanism with the following principles
· Maximize the gap between CG PUSCH occasions using the same HARQ process ID, considering the number of unused occasions in a period
· Minimize the total number of HARQ process used by CG
1) Whether offset 2= 0 or can be a non-zero value
To further maximize the gap between CG PUSCH occasions using the same HARQ process ID, the number of unused PUSCH occasions in a period can be considered. In NR-U, similar issue exists and the following mechanism is specified, i.e. HARQ process ID is not incremented for PUSCH(s) not transmitted if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol. 
	(Copied from TS 38.214)
When the UE is scheduled with multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH not overlapping with a DL symbol indicated by tdd-UL-DL-Configuration Common or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPUSCH applied if nrofHARQ-ProcessesForPUSCH is provided, or with modulo operation of 16 applied, otherwise. HARQ process ID is not incremented for PUSCH(s) not transmitted if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.


Similar with the above mechanism, the HARQ process ID increment should be skipped for the unused CG PUSCHs. UE transmits the UCI in the CG PUSCH to indicate the number of unused CG PUSCH transmission occasion(s) and indicate the HARQ process offset implicitly to determine the HARQ process ID in the next CG period, as shown in Figure 6. The HARQ process ID of the first PUSCH in the current CG period can be calculated by the following equation:
HARQ Process ID = [floor(X*CURRENT_symbol/periodicity) + offset2] modulo nrofHARQ-Processes
Or
HARQ Process ID = [floor(X*CURRENT_symbol/periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
	where X is the number of configured PUSCH occasions in a CG period, and the offset2 relates to the number of unused PUSCH occasion(s). 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.
In previous meetings, we propose that offset2 equals to the number of unused PUSCH occasion(s) in the previous period. Some companies mentioned maybe such solution will not always result in larger gap between CG PUSCH occasions using the same HARQ process ID. A simple way to fix this is that Offset2 can be determined as follows:
offset2 = (HPID_1st + nrofPUSCH – M) modulo nrofHARQ-Processes
where HPID_1st is the HARQ process ID of the first CG PUSCH of the previous CG period, nrofPUSCH is the number of configured CG PUSCHs within a CG period and M is the number of unused PUSCH occasion(s) in the previous period. 
With such offset2 determination, the gap between CG PUSCH occasions using the same HARQ process ID will always become larger compared with the solution without offset2, as shown in Figure 6. Since UTO-UCI is transmitted in each CG PUSCH occasion, the reliability is pretty high. 
[image: ]
[bookmark: _Ref134201767]Figure 6. Illustration of the proposed HARQ process ID determination
2) Whether X=1 or X= the number of configured PUSCHs in the CG period:
As shown in Figure 6, the gap between CG PUSCH occasions using the same HARQ process ID is larger when X = the number of configured PUSCHs in the CG period than X=1. So the former ones seems better. 
On the other hand, in some cases (e.g., small PDB), there is no need to have such large gap. For example, when the packet arrive rate is 60fps and the PDB is 15ms, the error PUSCH in the current CG period will not be retransmitted in the next CG period due to the small PDB. So X=1 is enough for such case. Besides, X=1 does not need to change the legacy formula, which is simple and has less impact on current specification. 
Hence, it seems both X=1 and X= the number of configured PUSCHs in the CG period are reasonable. If it is controversial to down-select to one, we suggest that X can be configured by RRC for flexibility.
3) Whether Y =1 or a value larger than 1:
For the value of Y, Y should be 1 since the total number of HP IDs for CG should be taken into account. If Y > 1, more total number of HARQ process ID is needed, which would restrict the flexibility of dynamic scheduling.
4) Whether offset1= 0 or can be a non-zero value:
The introduction of offset1 intends to address jitter. However, jitter is a random value and changes in each CG period. Offset1 is based on RRC and is semi-static. So it’s unclear how offset1 could bring benefits if any. Therefore, we suggest offset1 to be 0.
[bookmark: _Ref134692288]Proposal 4: For the determination of the HARQ process ID formula, the parameters in the formula should be:
· X is RRC configured, and value range includes {1, the number of configured PUSCHs in the CG period};
· Y = 1;
· Offset1 = 0;
· Offset2 can be a non-zero value and is determined as below
· offset2 = (HPID_1st + nrofPUSCH – M) modulo nrofHARQ-Processes
· where, HPID_1st is the HARQ process ID of the first CG PUSCH of the previous CG period, nrofPUSCH is the number of configured CG PUSCHs within a CG period and M is the number of unused PUSCH occasion(s) in the previous period
Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
In the last RAN1 meeting, companies have discussed many issues on the new UCI indicating unused CG PUSCH occasion(s), including the contents of the UCI, when and how to transmit the UCI.  We will provide our views on these issues in the following sections.
Contents of the new UCI
In RAN1#112 meeting, the following two options have been agreed to be considered for the information provided by the UCI. 
	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.


In RAN1#112bis-e meeting, the contents of the new UCI have been further discussed and the following two agreements have been achieved. The new UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
	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.


In this meeting, companies are encouraged to discuss the details of the contents of the UCI, including whether time duration/range is needed. A simple way would be that the UTO-UCI on each CG PUSCH has a bitmap to indicate the used/unused situation of subsequent CG PUSCH occasions within the same CG period. For example, as shown in Figure 7 below, assume there are 8 CG PUSCHs within 1 CG period. The UTO-UCI on the first CG PUSCH has a bitmap with 7 bits, each bit indicates the used/unused situation of each one of subsequent CG PUSCH occasions within the same CG period. Similarly, the UTO-UCI on the second CG PUSCH has a bitmap with 6 bits. And so on.
[image: ]
[bookmark: _Ref134725233]Figure 7. Bitmap where a bit corresponds to a TO within a same CG period
[bookmark: _Ref131778887]Some companies proposed that the UTO-UCI can indicate the CG PUSCHs in multiple CG periods. This is not reasonable since the amount of data in the next CG period cannot be predicted correctly in the current period. For example, as shown in Figure 8, assume Frame #0 arrives at slot n0 and Frame #1 arrives at slot n4. Assume UTO-UCI has 4 bits and indicate the used/unused situation of 4 subsequent CG PUSCH occasions. Assume all the data of Frame #0 has been transmitted on the first and second CG PUSCH in period #0 (i.e., slot n1 and n2). Thus, the UTO-UCI on slot n2 would indicate [0 0 0 0] to indicate the future four CG PUSCHs (i.e., slot n3, n5, n6, n7) are unused since there is no data in buffer at slot n2. Then, when Frame #1 actually arrives, it can only be transmitted by dynamic scheduling, which would increase the transmission delay and decrease the capacity. 
[image: ]
Figure 8. Bitmap where a bit corresponds to a TO within multiple CG periods
Considering gNB processing delay, it’s reasonable to introduce a fixed offset. For example, if the current CG PUSCH#1 and subsequent CG PUSCH#2 are in two consecutive slots, then gNB probably has no time to re-allocate CG PUSCH#2 to other UEs after decoding UTO-UCI on CG PUSCH#1. Thus, the UTO-UCI transmitting on CG PUSCH#1 does not need to indicate whether CG PUSCH#2 is used or unused. 
When introducing the fixed offset, the starting point of the applicable time duration can be the time after the fixed offset where the UCI is sent. For example, assume there are 8 CG PUSCHs within 1 CG period and the gap between two CG PUSCHs is 5 slots. Assume the fixed offset is 10 slots (i.e., covers two CG PUSCHs). Then, the UTO-UCI on the first CG PUSCH has a bitmap with 6 bits, each bit indicates the used/unused situation of each one of subsequent CG PUSCH occasions from the third CG PUSCH to the last CG PUSCH within the same CG period. Similarly, the UTO-UCI on the second CG PUSCH has a bitmap with 5 bits. And so on.
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Figure 9. Bitmap where a bit corresponds to a TO within a CG period with a fixed offset
Note that if the fixed offset is introduced, it should be in terms of absolute time (e.g., slots/ms) instead of TOs since it mainly reflects gNB processing delay which is in terms of absolute time.
[bookmark: _Ref134692294][bookmark: _Ref134778361]Proposal 5. The UTO-UCI on each CG PUSCH has a bitmap to indicate the used/unused situation of CG PUSCH occasions within a time duration:
· The start of time duration is fixed offset slots/ms later than the time where the UCI is sent.
· The end of time duration is the end time of the current CG period.

[bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK73]How to transmit such UCI
In the last RAN1 meeting, many issues on how to transmit such UCI have been discussed and some of the agreements are listed as follows. 
	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.


According to the above agreements, the encoding and multiplexing procedures for UTO-UCI can apply CG-UCI as baseline and sequence generation order between UTO-UCI and HARQ-ACK should be further studied. As per TS 38.212 Clause 6.3.2.1.4, the bit sequence generation rule is as follows when the HARQ-ACK and CG-UCI is jointly encoded:
	(Copied from TS 38.212)
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When higher layer parameter cg-UCI-Multiplexing is configured, the UCI bit sequence  is determined as follows, where .
-	The CG-UCI bits are mapped to the UCI bit sequence, where for . The CG-UCI bit sequence  is given by Table 6.3.2.1.3-1 mapped in the order from upper part to lower part, and  is number of CG-UCI bits;
-	The HARQ-ACK bits are mapped to the UCI bit sequence , where  for . The HARQ-ACK bit sequence  is given by Clause 9.1 of [5, TS38.213], and  is number of HARQ-ACK bits.


In the UCI bit sequence, CG-UCI is before HARQ-ACK. After bit sequence generation, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission can be determined according to the following formula described in TS 38.212 Clause 6.3.2.4.1.5. 
	[bookmark: _Toc29326580][bookmark: _Toc29327730][bookmark: _Toc36045920][bookmark: _Toc36046180][bookmark: _Toc36046326][bookmark: _Toc45209243][bookmark: _Toc51852416][bookmark: _Toc129874495](Copied from TS 38.212)
6.3.2.4.1.5	HARQ-ACK and CG-UCI
For HARQ-ACK and CG-UCI transmission on PUSCH with UL-SCH and if numberOfSlotsTBoMS is not present in the resource allocation table, or if numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is equal to 1, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission, denoted as , is determined as follows:
	
where
-	 is the number of HARQ-ACK bits;
-	 is the number of CG-UCI bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK and CG-UCI determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol l that carries PTRS, in the PUSCH transmission;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol l, for =0,1,2,…, , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.


If the reserved resource for HARQ ACK and CG-UCI is not enough, HARQ-ACK will be dropped first since NR-U CG-UCI is encoded before HARQ ACK. This is reasonable for NR-U since CG-UCI contains HARQ process ID field. The gNB needs to decode PUSCH according to the HARQ process ID. 
However, for XR, the UCI indicating unused CG PUSCH TO(s) will not convey HARQ process ID. If this UCI is also encoded before HARQ ACK, HARQ ACK would be dropped first if the reserved resources are not enough, which would impact retransmission. Thus, the encoding and multiplexing order of the new UCI can be lower than HARQ-ACK.
[bookmark: _Ref131778900][bookmark: _Ref134692301]Proposal 6: Regarding sequence generation order between UTO-UCI and HARQ-ACK, HARQ-ACK is prior to UTO-UCI.
For the dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured, the mechanism of CG-UCI can be reused: if the HARQ-ACK information and the PUSCH have same priority index, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission; if the HARQ-ACK information and the PUSCH have different priority indexes, the UE does not transmit the channel with the smaller priority index.
Conclusions
In this contribution, we provide some views on how to configure multiple CG PUSCH transmission occasions in a period of a single CG configuration and determine HARQ process ID for each CG PUSCH. We also analyze the contents of the UCI and point out how to transmit such UCI. The following proposals and observations are given:
Observation 1: The framework based on NR-U (Alt-B) can apply to both CG Type 1 and CG Type 2.
Observation 2: The framework based on repetition Type A (Alt-A1) is similar with the framework based on NR-U (Alt-B) without the parameter M.
Observation 3: The framework based on single DCI scheduling multiple CG PUSCH (Alt-C2) is not suitable for CG Type 1 and additional workload is needed.
Observation 4: The number of CG PUSCH occasions may vary in different CG periods due to TDD configuration, thus bring inaccuracy and difficulty for gNB configuration.
Observation 5: Due to the limit PDB for XR traffic, there is no justification to configure CG PUSCH TOs to be non-consecutive.

Proposal 1: For TDRA design for multi-CG PUSCH, a unified design for CG type 1 and CG type 2 is preferred, and Alt-A1/Alt-B are supported.
Proposal 2: RAN1 to address the case where the configured CG PUSCH occasion(s) may overlap with DL symbol(s)/slot(s) due to TDD configuration.
· The same number of CG PUSCH transmission occasions in each CG period shall be ensured.
Proposal 3: Further study HARQ process ID determination mechanism with the following principles
· Maximize the gap between CG PUSCH occasions using the same HARQ process ID, considering the number of unused occasions in a period
· Minimize the total number of HARQ process used by CG
Proposal 4: For the determination of the HARQ process ID formula, the parameters in the formula should be:
· X is RRC configured, and value range includes {1, the number of configured PUSCHs in the CG period};
· Y = 1;
· Offset1 = 0;
· Offset2 can be a non-zero value and is determined as below
· offset2 = (HPID_1st + nrofPUSCH – M) modulo nrofHARQ-Processes
· where, HPID_1st is the HARQ process ID of the first CG PUSCH of the previous CG period, nrofPUSCH is the number of configured CG PUSCHs within a CG period and M is the number of unused PUSCH occasion(s) in the previous period
Proposal 5. The UTO-UCI on each CG PUSCH has a bitmap to indicate the used/unused situation of CG PUSCH occasions within a time duration:
· The start of time duration is fixed offset slots/ms later than the time where the UCI is sent.
· The end of time duration is the end time of the current CG period.
Proposal 6: Regarding sequence generation order between UTO-UCI and HARQ-ACK, HARQ-ACK is prior to UTO-UCI.
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