
3GPP TSG RAN WG1 #114bis		R1-2309533
Xiamen, China, October 9th – October 13th, 2023

Source:	CATT
Title:	Design of Multiple CG Occasions and unused CG occasion feedback
[bookmark: Source]Agenda Item:	8.6.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref100246227]Introduction
In Rel-17 “Study on XR Evaluation for NR” [1], the video stream in eXtended Reality (XR) and Cloud Gaming (CG) application, such as VR/AR and CG, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport, while the packet arrival of the UL XR traffic would be periodic from the UE application layer to MAC/physical layer for scheduled UL transmission also with non-negligible delay jitter. The pose/control information as the classical UL XR traffic is usually generated with the 4ms periodicity with a small packet size, e.g. 100 bytes. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB).
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]A UE can transmit UL data using CG resources after configuration (of a CG Type 1) or activation (of a CG Type 2), without the need of receiving UL grant from the gNB. The UL configured grant also has a fixed amount of resource allocation at each periodicity. The reserved resource allocation could be based on average packet size or minimum packet size of XR service with consideration of the system resource utilization. The larger the resource is allocated for CG, the less number of CG users is supported. According to the TR 38.835 [2], the enhanced CG transmission for XR-specific traffic could improve the UL system capacity. In the CG enhancement, multiple PUSCH occasions per CG period are pre-configured with the semi-statically configured periodicity not relying on the SR.
The study results of “Study on XR Enhancements for NR” [3] has the conclusion that the XR-specific capacity enhancements would mainly focus on the enhancements of CG PUSCH transmission, 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. 
The core feature design had been completed in RAN1#114 meeting [4], and the corresponding CRs are running from RAN1#114, however, some remaining issues of FGs for multiple CG PUSCHs need to be further discussed.
In this contribution, we provide some text proposals related to the determination of HARQ process ID and the parameter configuration in Section 2. The remaining issues of the FGs for multiple CG PUSCHs are discussed in Section 3.
The text proposals related to the remaining issues
Based on the agreements in RAN1#113 [5], the HARQ process ID for the multiple PUSCHs CG had been determined. RAN1 had sent the LS to RAN2 to cover the above agreements for the determination of HARQ process ID. According to the running CR related to the determination of HARQ process ID, it should clarify two points related to the configured and/or valid CG PUSCHs for the further CR.
	Agreement in RAN1#113
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 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.


The text proposals related to the determination of HARQ process ID 
According to the agreements above, it should be clarified that the first configured PUSCH in a period might not be valid CG PUSCH, whose HARQ process ID is determined based on the legacy CG procedure as following.
· 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,
where X is the number of configured CG PUSCHs in the CG period.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As shown in Figure 1, for the type 1 multiple PUSCHs CG, the CG period is configured as the XR frame period, in which the consecutive N=16 slots and timeDomainOffset=4 slots are shown as an example. The first configured CG PUSCH transmission occasion would be determined based on the parameters SFN, CG period and timeDomainOffset. When multiple CG PUSCHs are configured for XR in TDD system, the first configured CG PUSCH transmission occasion in the first CG period is valid, while the first configured CG occasion in the second CG period and the third CG period are invalid due to the misalignment of the CG and the TDD periodicity. Thus, the first configured CG PUSCH in a CG period could either be valid or invalid. 
[image: ]
[bookmark: _Ref146199654]Figure 1: The multi-PUSCHs CG period in a CG configuration
For the remaining valid CG PUSCHs in the CG period, the HARQ process ID would be determined by incremental of the HARQ process ID from the preceding PUSCH in the CG period by one with module operation of nrofHARQ-Processes or module operation of nrofHARQ-Processes with the addition of harq-ProcID-Offset2, whichever applicable. The remaining configured CG PUSCHs should be valid without any collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB. If the first configured CG PUSCH in a CG period is invalid, the next CG PUSCH with the HARQ process ID would be the first valid CG PUSCH and be the 4th configured CG PUSCH in the second CG period as shown in Figure 1. Thus, the determination procedure of HARQ process ID should be associated to the first configured CG PUSCH, which is invalid, and the Kth (1 ≤ K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH.
Proposal 1: It should be clarified that the procedure of determining HARQ process ID should be associated with the first valid CG PUSCH occasion at the Kth (1 ≤ K ≤ [nrofSlots_InCGperiod]) configured PUSCH if the first configured CG PUSCH occasion is invalid. The following TP in TS 38.214 should be adopted.
Proposed TP for TS 38.214 [7]
	[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
<omitted text>

When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the Kth (1 ≤< K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant after the first configured uplink grant 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]. The first configured uplink grant may be invalid and its HARQ process ID is determined as in clause 5.4.1 of [10, TS 38.321].

<omitted text>



The text proposals related to the parameter configuration 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the agreements in RAN1#113 [5], the RRC parameter N ([nrofSlots_InCGperiod]) configuration related to the consecutive slots in a CG period is independent from cgRetransmissionTimer configuration. If the parameter N ([nrofSlots_InCGperiod]) and cgRetransmissionTimer are both configured, it would result in the confusion for the determination of HARQ process ID.
	Agreement in RAN1#113
For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.
Conclusion 
For time domain resource allocation for multi-PUSCH CGs, there is no consensus for further enhancement for operation on TDD



According to TS 38.321 [6] as following, when the cgRetransmissionTimer is configured for the configured uplink grant, the HARQ process ID for the CG PUSCH would be selected by UE. 
	TS 38.321[6], 
[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc124525402]5.4.1	UL Grant reception
<omitted text>
[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. If the MAC entity is configured with intraCG-Prioritization, for HARQ Process ID selection, the UE shall prioritize the HARQ Process ID with the highest priority, where the priority of HARQ process is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. If the MAC entity is configured with intraCG-Prioritization, for HARQ Process ID selection among initial transmission and retransmission with equal priority, the UE shall prioritize retransmissions before initial transmissions. The priority of a HARQ Process for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than the priority of a HARQ Process for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU. If the MAC entity is not configured with intraCG-Prioritization, for HARQ Process ID selection, the UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.
<omitted text>




However, for the configured multiple CG PUSCHs, i.e. the parameter N ([nrofSlots_InCGperiod]), the procedure of determining HARQ process ID is based on the formula calculation, which is different from UE implementation. Thus, it should be specified that the parameter N ([nrofSlots_InCGperiod]) in the configuration is not expected to be configured with cgRetransmissionTimer in the configuredGrantConfig simultaneously.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: It should be specified that the parameter N ([nrofSlots_InCGperiod]) configuration is not expected to be configured with cgRetransmissionTimer in the configuredGrantConfig simultaneously. The following TP in TS 38.214 should be adopted.
Proposed TP for TS 38.214 [7]
	[bookmark: _Toc11352148][bookmark: _Toc20318038][bookmark: _Toc27299936][bookmark: _Toc29673210][bookmark: _Toc29673351][bookmark: _Toc29674344][bookmark: _Toc36645574][bookmark: _Toc45810619][bookmark: _Toc137117157]6.1	UE procedure for transmitting the physical uplink shared channel
<omitted text>

When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant and cg-RetransmissionTimer is not provided, HARQ process ID for the Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant 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].
<omitted text>

6.1.2.3	Resource allocation for uplink transmission with configured grant
<omitted text>
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 higher layer parameter [nrofSlots_InCGperiod] provides the number of consecutive slots allocated within a configured grant period. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots. If [nrofSlots_InCGperiod] is configured, the PUSCH allocation in each consecutive slot 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 in the DCI for Type 2 PUSCH transmissions. If a UE is configured with higher layer parameter [nrofSlots_InCGperiod] in a configuredGrantConfig, the UE does not expect to be configured with cg-nrofSlots and, cg-nrofPUSCH-InSlot and cg-RetransmissionTimer in the configuredGrantConfig.

<omitted text>



[bookmark: _Ref127277262]The remaining issues of the FGs for multiple CG PUSCHs 
The UE feature FG50-1: Multi-PUSCHs for Configured Grant had been agreed to be introduced in RAN1#114 [4]. However, there are still some remaining issues needed to be further discussed under UE features session as following.
	· FG 50-1:Multi-PUSCHs for Configured Grant
· Determination of time-domain resource allocation for CG-PUSCHs associated to a multi-PUSCHs CG 
· FFS whether to separate this FG for type-1 and type-2 CG 
· FFS whether to separate this FG for multiple CG configurations
· FFS whether to separate this FG for shared spectrum



Since the FG 50-1: Multi-PUSCHs for Configured Grant had been agreed to be supported for type-1 CG and type-2 CG, the parameters configuration rather than the resource allocation for a CG configuration would be common for type-1 CG and type-2 CG, which are configured in rrc-ConfiguredUplinkGrant and carried in the CG activation DCI, respectively. For the CG configuration, if the multiple CG PUSCHs feature is configured for a CG configuration, the CG configuration would be configured with the multiple PUSCHs for either Type 1 CG or Type 2 CG. Thus, there is not necessary to separate FG 50-1 for type-1 and type-2 CG.
For the multiple CG PUSCHs used for the XR traffic, more resource should be allocated for sufficient transport of XR traffic. When the eMBB or URLLC service is applied, the multiple CG PUSCHs would not be used for the robust traffic arrival. Thus, it is unnecessary for all CG configurations supporting multiple PUSCHs for robust traffic types. 
Furthermore, the FG 50-1 should be limited to be applied only for license band. Even though the multiple PUSCHs CG is based on the framework of NR-U, the UE capability of multiple PUSCHs for CG is quite different from that of NR-U as following.
· The repetition is not supported for multiple PUSCHs CG, while the NR-U supports.
· The procedure of determining HARQ process ID (HPID) is different. The HPID is reported by UE in unlicensed band, while it is calculated based on the formula in the multiple PUSCHs CG for XR.
· The consecutive slots N ([nrofSlots_InCGperiod]) is configured separately from the parameters in NR-U, such as cg-nrofSlots-r16, cg-nrofPUSCH-InSlot-r16 and cgRetransmissionTimer, while there are not these RRC parameters for multiple CG PUSCHs for XR.
Thus, the FG 50-1 should be separated for shared spectrum.
Proposal 3: For the FG 50-1: Multi-PUSCHs for Configured Grant, we have proposals as following:
· Unnecessary to separate this FG for type-1 and type-2 CG.
· This FG should be separate for multiple CG configurations for not all CG configurations supporting multi-PUSCHs.
· The UE capability of supporting multiple CG PUSCHs in FG 50-1 for licensed spectrum only but not for shared spectrum.
Conclusion
In this contribution, we provide some text proposals for TS 38.214 [7] and discussion on the UE feature FG50-1. We have the following proposals.
Proposal 1: It should be clarified that the procedure of determining HARQ process ID should be associated with the first valid CG PUSCH occasion at the Kth (1 ≤ K ≤ [nrofSlots_InCGperiod]) configured PUSCH if the first configured CG PUSCH occasion is invalid. The following TP in TS 38.214 should be adopted.
Proposed TP for TS 38.214 [7]
	6.1	UE procedure for transmitting the physical uplink shared channel
<omitted text>
When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the Kth (1 ≤< K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant after the first configured uplink grant 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]. The first configured uplink grant may be invalid and its HARQ process ID is determined as in clause 5.4.1 of [10, TS 38.321].
<omitted text>



Proposal 2: It should be specified that the parameter N ([nrofSlots_InCGperiod]) configuration is not expected to be configured with cgRetransmissionTimer in the configuredGrantConfig simultaneously. The following TP in TS 38.214 should be adopted.
Proposed TP for TS 38.214 [7]
	6.1	UE procedure for transmitting the physical uplink shared channel
<omitted text>
When [nrofSlots_InCGperiod] is configured for Type 1 configured grant or Type 2 configured grant and cg-RetransmissionTimer is not provided, HARQ process ID for the Kth (1 < K ≤ [nrofSlots_InCGperiod]) valid configured PUSCH grant 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].
<omitted text>

6.1.2.3	Resource allocation for uplink transmission with configured grant
<omitted text>
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 higher layer parameter [nrofSlots_InCGperiod] provides the number of consecutive slots allocated within a configured grant period. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots. If [nrofSlots_InCGperiod] is configured, the PUSCH allocation in each consecutive slot 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 in the DCI for Type 2 PUSCH transmissions. If a UE is configured with higher layer parameter [nrofSlots_InCGperiod] in a configuredGrantConfig, the UE does not expect to be configured with cg-nrofSlots and, cg-nrofPUSCH-InSlot and cg-RetransmissionTimer in the configuredGrantConfig.
<omitted text>



Proposal 3: For the FG 50-1: Multi-PUSCHs for Configured Grant, we have proposals as following:
· Unnecessary to separate this FG for type-1 and type-2 CG.
· This FG should be separate for multiple CG configurations for not all CG configurations supporting multi-PUSCHs.
· The UE capability of supporting multiple CG PUSCHs in FG 50-1 for licensed spectrum only but not for shared spectrum.
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