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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #114 meeting, majority of key issues for XR-specific capacity enhancements were discussed and reached consensus [1], such as for, dynamic indication of unused CG PUSCH occasion(s) based on UTO-UCI, multiplexing between UTO-UCI and HARQ-ACK, etc. However, some critical details of agreements reached so far are still not clear or need FFS. In this paper, we will discuss two issues, including indication of unused CG PUSCH occasion(s) based on UTO-UCI, and HARQ ID determination for the multiple CG PUSCH transmission occasions of a single CG PUSCH configuration. Additionally, for each of the discussed issues, we give our opinions and proposals for further clarifications, or corrections. 
 
Discussion 
[bookmark: _Ref129681832]Dynamic indication of unused CG PUSCH occasion(s) based on UTO-UCI
Regarding indications of unused CG PUSCH transmission occasion(s) in a period of a single CG PUSCH configuration, the below agreement was reached in RAN1 #114 meeting:
	Agreement
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations.
Strong concerns have been raised on the above proposal in terms of benefit and UE complexity by CATT, ZTE, Huawei, Apple, MTK, and Google.



According to the agreement above, one open issue is whether/how to extend to multiple CG configurations, which can provide much more capacity, in terms of more flexible resources, compared to single CG configuration, especially for Multi-modal Data [2] if supported. Multi-modal Data is defined to describe the input data from different kinds of devices/sensors or the output data to different kinds of destinations (e.g., one or multiple UEs) required for the same task or application. Additionally, XR traffic of emerging use cases is by nature multi-modal, as it involves the integration of data from multiple sources and modalities to create a seamless and immersive user experience. This includes data from various sensors, cameras, and other input devices, as well as output to different destinations such as displays or other XR interfaces. However, if multiple CG configurations are introduced in current work item, some new critical issues for dynamic indication of unused CG PUSCH TOs of multiple CG configurations would be inevitably introduced, for example, whether/how to allocate the multiple CG configurations to multiple carriers, how to associate bitmap of UTO-UCI with the multiple CG configurations on the same or different carriers, and whether/how to address the timeline issue for indication unused TOs of the multiple CG configurations if over multiple carriers with different subcarrier spacing, etc. From our point of view and considering the much-limited time left in RAN1, key solutions for the new introduced issues of multiple CG configurations (if supported) cannot be finished and any issue relevant to dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations should be deprioritized in Rel-18.
Proposal 1: Any issue relevant to dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations should be deprioritized in Rel-18.

HARQ ID determination for the multiple CG PUSCH transmission occasions of a single CG PUSCH configuration
Regarding HARQ ID determination for the multiple CG PUSCH transmission occasions of a single CG PUSCH configuration, the below conclusion and agreement were reached in RAN1#112 and RAN1 #113 meetings, respectively.
	Conclusion:
RAN1 discusses to decide how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.
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 = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured/ and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: 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.
Send an LS to RAN2 to convey the above RAN1 agreement. Final LS is in R1-2306233.



Furthermore, RAN1 sent an LS in R1-2306233 to RAN2 to convey the above RAN1 agreement and respectfully asked RAN2 to take the above information into account. As per the reply LS (i.e. R1-2308825) from RAN2 (i.e., R2-2309007) to R1-2306233, the content of the reply LS (i.e. R1-2308825) is quoted as below:
 
	RAN2 has identified an error in the RAN1 agreement as below:
The HARQ process ID of the Kth (1 < K ≤ numberOfPUSCH_PerPeriod) remaining configured and valid CG PUSCHs occasion in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.:
HARQ Process ID = [numberOfPUSCH_PerPeriod *floor((CURRENT_symbol ) / periodicity) + (K-1)] modulo nrofHARQ-Processes + harq-ProcID-Offset2

RAN2 will capture a corrected version of the HARQ process ID formula in TS38.321.




However, in our understanding, the reply LS (i.e. R1-2308825) from RAN2 (i.e., R2-2309007) is not consistent with the original RAN1 agreement about HARQ ID determination for the remaining configured and valid CG PUSCHs in the period, which is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation as in original RAN1 agreement. The reply LS (i.e. R1-2308825) from RAN2 is likely trying to avoid a minor error (thanks RAN2 for pointing it out) in RAN1 agreement by introducing a new formula to determine the  HARQ ID for the remaining configured and valid CG PUSCHs in the period, and the current fix from RAN2 has some disadvantages of using another formula, with CG PUSCH occasion index, to determine HARQ ID for the remaining configured and valid CG PUSCHs, which is why it wasn't agreed originally in RAN1. Even some minor errors still exist in the above RAN1 agreement, it can be easily corrected as below, since the difference value, between the HARQ ID(s) of the remaining configured and valid CG PUSCH occasion(s) and HARQ ID of the first valid CG PUSCH occasion, is less than nrofHARQ-Processes if different HARQ IDs used for the multiple CG PUSCHs in the period according to our analysis in paper [3]. It is not reasonable and necessary to using another formula, with CG PUSCH occasion index, to determine HARQ ID for the remaining configured and valid CG PUSCHs, just because of the minor errors in the RAN1 agreement. The determination of the HARQ ID for the remaining configured and valid CG PUSCHs in the period based on the incrementing rule agreed originally in RAN1 is a simple solution, which was already specified in legacy specification. Additionally, in our view, the incrementing rule for HARQ ID determination of the remaining configured and valid CG PUSCHs in the period as originally agreed in RAN1 can also be captured in RAN1 specification, not necessary in RAN2 specification.  
	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 = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured/ and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: 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.
Send an LS to RAN2 to convey the above RAN1 agreement. Final LS is in R1-2306233.



Therefore, based on above discussions and reasons, we have the following proposals:
Proposal 2: Keep the RAN1 agreement with incrementing the HARQ process ID of the preceding PUSCH in the period by one for the remaining configured and valid CG PUSCHs.
Proposal 3: Send reply LS to RAN2 to convey the final RAN1 agreement with original incrementing rule for HARQ ID determination for the remaining configured and valid CG PUSCHs and it can be captured in RAN1 specification.

Text Proposals for HARQ ID determination
If the RAN1 agreement with incrementing rule for HARQ ID determination for the remaining configured and valid CG PUSCHs is captured in RAN1 specification, we propose the following TP for TS 38.214 v18.0.0.
-------------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc122105160]6.1	UE procedure for transmitting the physical uplink shared channel
PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to clause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If configuredGrantConfigToAddModList is configured, more than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell.
The UE can be configured with a list of up to 64 TCI-UL-State configurations within the higher layer parameter BWP-UplinkDedicated. Each TCI-UL-State configuration contains a parameter for configuring one reference signal, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a CC, and SRS.
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs [except if reported by [UE capability]].
For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0 or 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubsetDCI-0-2, maxRankDCI-0-2, scaling of UCI-OnPUSCH, resourceAllocationType1GranularityDCI-0-2 provided by pusch-Config. If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in clause 6.1.4 for the PUSCH transmission corresponding to a configured grant. 
When the UE is configured dl-OrJointTCI-StateList or ul-TCI-StateList, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter. The RS is determined based on an RS configured with qcl-Type set to 'typeD' of the indicated TCI-State or an RS in the indicated TCI-UL-State. The reference RS in the indicated TCI-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated TCI-UL-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell. When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the first valid configured PUSCH of Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grants is determined as in clause 5.4.1 of [10, TS 38.321], excluding invalid configured PUSCH grant(s) that are not transmitted as described in clause 11.1 of [6, TS 38.213]. HARQ process ID for each of the remaining valid configured PUSCHs of the K (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grants is determined by incrementing the HARQ process ID of the preceding valid PUSCH grant in the period by one.
------------------------------------------------------------------------------------------------------------------------------

Conclusions
Based on above discussions, we have the following observations and proposals:
Proposal 1: Any issue relevant to dynamic indication of unused CG PUSCH occasion(s) for multiple CG configurations should be deprioritized in Rel-18.
Proposal 2: Keep the RAN1 agreement with incrementing the HARQ process ID of the preceding PUSCH in the period by one for the remaining configured and valid CG PUSCHs.
Proposal 3: Send reply LS to RAN2 to convey the final RAN1 agreement with original incrementing rule for HARQ ID determination for the remaining configured and valid CG PUSCHs and it can be captured in RAN1 specification.
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