[bookmark: _Hlk102048676]3GPP TSG RAN WG1 #114	                                    		                        R1-2307820
Toulouse, France, Aug 21 – Aug 25, 2023

Agenda Item:	9.8.1
Source:	InterDigital, Inc.
Title:	Discussion on XR-specific capacity enhancements
Document for:	Discussion and Decision
1. [bookmark: _Ref513464071]Introduction
The agreements made during RAN1#113 [1] are provided in the Appendix. In this contribution, we discuss the following open issues on multi-PUSCH CG enhancements and the dynamic indication of unused PUSCH occasions (UTO-UCI):
· Repetitions in multi-PUSCH CG 
· HARQ retransmissions 
· Options for UTO-UCI indication 
· Range of UTO period 
· Applicability of UTO-UCI
2. Discussion
2.1 Multi-PUSCH CG enhancements
2.1.1 Repetitions in multi-PUSCH CG
[bookmark: _Hlk142466291]During RAN1#113, it was agreed that the TDRA design for multi-PUSCH CG is to be based on the NR-U framework. It was also agreed that the parameter N, configured independent of the legacy cg-RetransmissionTimer, indicates the number of consecutive slots with PUSCH occasions in a CG period. One of the open issues from the last meeting is on whether repetition is to be supported for both Type-1 and Type-2 multi-PUSCH CG. 
When multi-PUSCH CG is configured with repetition (e.g. via repK parameter), the UE can repeat the TB in K consecutive slots, where each of the repetition can apply the same or different RVs. Repetitions can be beneficial for ensuring that the PDUs of a PDU set can be successfully received, within the delay budget. For example, the UE may transmit multiple TBs in multiple PUSCH occasions, where the different TBs may be carrying the PDUs of a PDU set. Relying on retransmissions for some of the TBs with resources spread over time domain can potentially result in exceeding the delay budget. In this regard, supporting repetitions with multi-PUSCH CG, where the different PUSCH occasions can carry different RVs of the TB, provides an effective mechanism for meeting the deley budget. Although it is understandable that repetitions may result in reduced number of unused PUSCH occasions, it can be up to the network to strike a good balance between capacity and meeting XR traffic requirements by configuring suitable repK and/or repK-RV values when multi-PUSCH CG is configured. The legacy parameter values in ConfiguredGrantConfig for repetition can be resued for multi-PUSCH CG configuration. 
Proposal 1: Repetition can be configured for Type-1 and Type-2 multi-PUSCH CG
2.1.2 HARQ Retransmissions
In the legacy Rel-16 NR CG design for retransmissions, the UE monitors PDCCH for DCI upon transmitting a TB in a CG PUSCH occasion. If a DCI containing dynamic grants is received before the expiry of the configuredGrantTimer, the UE retransmits the indicated RV of the TB using the received grant. If the UE does not receive DCI within the CG timer, the UE assumes ACK for the previous TB transmission and flushes the HARQ buffer.      
For multi-PUSCH CG, the legacy retransmission procedure can be resued since the retransmissions of multiple TBs can be performed with dynamic grants rather than the CG PUSCH occasions. Reusing the legacy procedure also reduces the complexity at the UE for deciding which of the PUSCH occasions are unused, since the UE does not need to account for whether any of the CG PUSCH occasions would be used for retransmissions. 
For supporting retransmissions with multi-PUSCH CG, it is important for the DCI to be received early given the strict delay budget associated with the XR traffic. Since each slot associated with a CG period can consist of a PUSCH occasion, the earliest opportunity to receive the DCI can be in the first DL slot after certain number of TBs are transmitted in the UL slots in a CG period. For minimizing the amount of PDCCH monitoring, upon transmitting N TBs in N PUSCH occasions, the corresponding dynamic assignments for retransmissions can be provided in a single DCI. For example, while CG timer is running, the UE can monitor PDCCH for the DCI with an offset of L slots after transmitting in M TBs in M PUSCH occasions. This would allow any retransmissions to be performed as early as in the next UL slot, even though the next UL slot may be within the same CG period. 
Proposal 2: Dynamic grants for retransmissions of multiple TBs are provided in single DCI 
Proposal 3: UE monitors PDCCH starting from the L’th slot after transmitting M TBs in M PUSCH occasions in multi-PUSCH CG  
2.2 UTO-UCI for multi-PUSCH CG
2.2.1 Options for UTO-UCI indication 
During RAN1#113, several options for the bitmap in UTO-UCI were discussed and identified for downselection. In the following we analyze the different options.
The UTO-UCI in Option A-1a is transmitted in each of the used CG PUSCH occasion, and the corresponding bitmap is applicable to the CG PUSCHs within a UTO period. The UTO period can span one or multiple CG periods, or may be related to the XR traffic periodicity. Option A-1a provides a simple approach to indicate the necessary info on the all PUSCH occasions within a UTO period, including the current and future PUSCH occasions expected to be used or not used by the UE. Additionally, the agreement made in RAN1#113 allows for some flexibility for the contents of the bitmap to be updated from ‘not unused’ to ‘unused’ for some PUSCH occasions based on any recent data that may have arrived in the LCH buffers. One drawback of Option A-1a is that the bitmap transmitted in later PUSCHs can include info on past PUSCH occasions in the UTO period, which may result in additional overhead. Such overhead may not be an issue since the payload sizes of the TBs carried in the PUSCH occasions can be orders of magnitude larger than the bitmap in UTO-UCI. 
In Option A-2a, the bitmap in UTO-UCI is applicable to the PUSCH occasions within the UTO period starting from a PUSCH after a UTO offset to the PUSCH at the end of the UTO period. Since the bitmap in Option A-2a is a subset of that in Option A-1a (e.g. containing info only on the future PUSCH occasions) the overhead incurred is lower. The size of the bitmap also decreases as the UTO-UCI is transmitted from the earlier PUSCH occasions to later occasions within the UTO period. On the downside, the benefit of reducing the overhead comes the cost of increasing some complexity at the UE due to handling of variable sized bitmap in each PUSCH occasion. 
In Option B-a, the bitmap in UTO-UCI is applicable to the PUSCH occasions within the UTO period. Different than Option A-2a, in Option B-a the UTO period and CG periods are decoupled and the PUSCH that carries the UTO-UCI can be outside of the UTO period. In essence, the bitmap can be viewed as a sliding window with a length corresponding to the UTO period. The benefits of the bitmap in Option B-a include providing info on future PUSCH occasions and use of a fixed size of the bitmap that is associated with the UTO period. However, it unclear how the info on future PUSCH occasions can be determined by the UE, especially the PUSCHs located after of the CG period. Even if the info on future PUSCHs can be determined based on estimation or prediction, it is doubful that this can be of any benefit to the gNB when such info may be uncertain or changeable. 
In Option B-b, the bitmap in UTO-UCI is applicable to the PUSCH occasions within a window associated with a configured size of the bitmap. The bitmap in Option B-b has similar sliding window feature with that of Option B-a, without the need for introducing a UTO period. Similar to Option B-a, the bitmap size in Option B-b can be independent of the CG period, and shares the same pros and cons. 
Based on the comparison of the different options, aspects from both Option A-1a and Options B-a can be useful for the UTO-UCI indication. Given that it is the simplest, effective and results in lower spec impact regarding the parameters to be configured, Option A-1a is slightly preferred over Option B-a.
Proposal 4: For the UTO-UCI indication, downselect either Option A-1a or Option B-a
2.2.2 Range of UTO period
One of FFS from the previous meeting is the range value for the UTO period in some of the UTO-UCI indication options. The alternatives for the range include either values in time unit (e.g. XR traffic periodicity) or values associated with multiples of CG periodicity. The UTO period has a direct relation with the bitmap size given that the bits carry info on whether the CG PUSCH occasions within the period are unused or not unused. As per the agreement on the different options, the start time of the UTO-UCI can be the same with that of the CG period and the end time corresponds to the UTO period. In this case it makes sense to have the UTO period associated with multiples of CG periodicity. Other than overhead reduction, there is no benefit of having a restriction that the UTO period corresponds to only one CG period. As discussed in the previous section, overhead for UTO-UCI is not an issue and as such, the UTO period can be configured to span multiple CG periods. 
Proposal 5: The range for UTO period corresponds to one or multiple of CG periodicity given by integer values (Alt-2)
2.2.3 Applicability of UTO-UCI
Another open issue from RAN1#113 is on whether the UTO-UCI can be extended to multiple CG configurations. From higher layer perspective, the different XR traffic flows (e.g. pose/control and video) may have different periodicities and different number of packets per period. As such, the UE may be configured with different CG configurations, each with a different set of parameters (e.g. start offset, periodicities, number of PUSCHs per CG period) which may be aligned with the different flows. In this case, it is not clear how the number of unused PUSCHs indicated in a UTO-UCI for one CG configuration can be applicable for another CG configuration with different set of parameters. Since the UE can anyways send the UTO-UCI in the PUSCHs for each CG configuration individually, there is no benefit why a single UTO-UCI needs to be extended for multiple CG configurations.
Proposal 6: UTO-UCI indicates the unused PUSCH occasions in only one CG configuration 
3. Conclusion
[bookmark: _Hlk101735808]In this contribution, the following proposals are made:
Proposal 1: Repetition can be configured for Type-1 and Type-2 multi-PUSCH CG
Proposal 2: Dynamic grants for retransmissions of multiple TBs are provided in single DCI 
Proposal 3: UE monitors PDCCH starting from the L’th slot after transmitting M TBs in M PUSCH occasions in multi-PUSCH CG  
Proposal 4: For the UTO-UCI indication, downselect either Option A-1a or Option B-a
Proposal 5: The range for UTO period corresponds to one or multiple of CG periodicity given by integer values (Alt-2)
Proposal 6: UTO-UCI indicates the unused PUSCH occasions in only one CG configuration 
Appendix
The following show the conclusions and agreements made during RAN1#113:
	Agreement
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

Agreement
With respect to the agreement on HARQ process ID determination for multi-PUSCH Cg in RAN1#112bis-e, support the following:
· Y=1
· Offset 1=0 (i.e., remove Offset 1)
· Offset 2=0 (i.e., remove Offset 2)

Agreement
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion. 
· For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification.
· No RAN1 specification impact

Agreement
For determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· X is outside the floor operation
· X= the number of configured PUSCHs in the CG period
Send an LS to RAN2 to inform this agreement. 

Agreement
The following working assumption is confirmed
(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 one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.

Agreement
· A CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”.
· A CG PUSCH occasion indicated as “NOT unused” earlier, can be indicated as “unused” later.
· FFS: Whether there is specification impact

Agreement
The UTO-UCI indication for a CG configuration is applicable to only valid CG PUSCH TOs, if any.
· 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. Otherwise, it is valid.

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.

Agreement
Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
· FFS on whether/how to extend to multiple CG configurations

Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· 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 valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· 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
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