[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #114			R1-2307485
Toulouse, France, August 21st – August 25th, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on XR specific capacity improvement enhancements
[bookmark: Source]Agenda Item:	9.8.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At RAN#98-e meeting, WID on XR enhancements for NR was approved with the objective as follows [1]:
	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 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 UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)



In this contribution, solutions for XR capacity enhancement are discussed.
2. Discussions
2.1 Multiple CG PUSCH occasions in a CG period
At RAN1#113 meeting, TDRA and HARQ process ID determination for multiple CG PUSCH occasions were agreed. One remaining issue for multi-PUSCHs CG is whether to support PUSCH repetitions for multi-PUSCHs CG.

	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.




For Rel-16 multi-PUSCH scheduling (contiguous multiple PUSCH allocations) and Rel-17 multi-PUSCH scheduling (contiguous or non-contiguous multiple PUSCH allocations), joint operation of repetitions with single DCI scheduling multiple PUSCHs in Rel-16 and Rel-17 is not supported (captured as following), mainly due to specification and UE operation complexity concern. 
	TS38.214, section 6.1.2.1
If a UE is configured with higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH, the UE does not expect to be configured with pusch-AggregationFactor.
If a UE is configured with extendedK2 in pusch-TimeDomainAllocationListForMultiPUSCH in which one or more rows contain multiple SLIVs for PUSCH on a UL BWP of a serving cell, the UE does not apply pusch-AggregationFactor, if configured, to DCI format 0_1 on the UL BWP of the serving cell and the UE does not expect to be configured with numberOfRepetitions in pusch-TimeDomainAllocationListForMultiPUSCH.



Observation 1: Joint operation of PUSCH repetition with multi-PUSCH scheduling in Rel-16/17 is not supported.
· Repetition factor is always one for DCI 0_1 configured with multi-PUSCH scheduling.

For CG in Rel-16 NR-U framework, when UE is configured with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, if K>1 is determined, UE repeats single TB on the first K PUSCH occasions. In our understanding, it is PUSCH repetition behavior, instead of supporting repetition for multiple CG PUSCHs occasions in one CG period. The main difference from PUSCH repetition type A or PUSCH repetition type B is that time domain resources for K repetitions are determined based on cg-nrofSlots and cg-nrofPUSCH-InSlot. 

	TS38.214, section 6.1.2.3.1
For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, 
-	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.
-	For paired spectrum and SUL band:
-	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.
-	If AvailableSlotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat the TB across the  slots 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 does not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.




Observation 2: Joint operation of PUSCH repetition with multiple CG PUSCH occasions in Rel-16 NR-U is not supported.
· When UE is configured with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, if K>1 is determined, UE only applies PUSCH repetition, i.e. UE repeats single TB on the first K PUSCH occasions.  

For Rel-18 multi-PUSCHs CG, it was already agreed that time domain resource for multiple CG PUSCH occasions in one period is determined based on same SLIV in consecutive N slots. If reusing similar principle as Rel-16 NR-U CG, the consequence is that UE repeats single TB in the first K slots with same SLIV, which is same as PUSCH repetition type A. As such behavior can be realized by existing specification, there is no point to specify it additionally in Rel-18.

Based on above analysis, joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetition is not preferred for Rel-18 XR.
Proposal 1: Repetition factor for multi-PUSCH CG is always 1. 

2.2 UE reporting indication of unused CG occasions by UCI
In previous meetings, agreements were achieved on aspects including physical channel carrying UTO-UCI, bitmap mechanism to indicate consecutive or non-consecutive unused TOs, invalid TO consideration, overriding indication, availability for TOs indicated as “unused” or “NOT unused”, etc.  Remaining issues include UTO-UCI indication design, encoding/multiplexing of the UTO-UCI, and whether applicable for single or multiple CG configuration(s).

UCI indication design
At RAN1#113 meeting, four options for UTO-UCI indication were agreed for further down-selection.
	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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Fig 1: four options for UTO-UCI indication

For option A-1a and option A-2a, UTO indication range for a UTO-UCI is restricted within a fixed window. For option B-a and option B-b2, UTO indication range for a UTO-UCI can be a sliding window. Option B can provide more flexibility than option A. 
For option A-1a, UTO-UCI carries information for UTOs before and after the UTO-UCI. Reporting history information which is already known by gNB is not necessary. It costs unnecessary UCI overhead, which impacts reliability for the UCI and PUSCH. Option A-1a is not preferred.
For option B-a, the length of the sliding window is based on time duration (e.g. in unit of traffic/CG periodicity). Considering the UTO-UCI only indicates for valid TOs, the bitmap size for option B-a may vary. For option B-b2, the length of sliding window is based on the number of valid TOs, i.e. fixed bitmap size for option B-b2. Option B-b2 is slightly preferred, considering the fixed bitmap size.
Proposal 2: Support option B-b2 for UTO-UCI indication.

UCI multiplexing and encoding
At RAN1#112bis meeting, it was agreed that CG-UCI multiplexing/encoding procedure is reused for multiplexing/encoding UTO-UCI. There are two open issues left for joint coding of CG-UCI and HARQ-ACK. 
	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.



For sequence generation, the order between UTO-UCI and HARQ-ACK can follow the order between CG-UCI and HARQ-ACK, i.e. HARQ-ACK bits after CG-UCI bits. Therefore, HARQ-ACK bits after UTO-UCI bits can be applied for joint coding of UTO-UCI and HARQ-ACK.
When joint encoding for UTO-UCI and HARQ-ACK is not configured, a possible solution may be simply reusing the rule for CG-UCI and HARQ-ACK. In the current specification, if joint encoding of CG-UCI and HARQ-ACK is not configured, UE will drop the CG-PUSCH if same priority index for the CG-UCI and HARQ-ACK, otherwise drop the channel with smaller priority index. Similarly, if joint encoding for UTO-UCI and HARQ-ACK is not configured, UE will drop the CG PUSCH and multiplex the HARQ-ACK in PUCCH or another PUSCH if they have same priority index. 

	TS38.213 v17.5.0, section 9
<*********************************unrelated part omitted**************************>
When a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-UCI-Multiplexing; otherwise, 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. 

<*********************************unrelated part omitted**************************>



However, considering that the UTO-UCI is not totally same as CG-UCI, e.g. gNB can’t decode CG PUSCH without CG-UCI in unlicensed spectrum, while the UTO-UCI doesn’t impact CG PUSCH decoding, different solution from CG-UCI case is also possible. For example, UE drops the UTO-UCI and multiplexes the HARQ-ACK in the CG PUSCH. In this way, dropping CG PUSCH which may degrade XR performance is avoided.
Proposal 3: For encoding/multiplexing of UTO-UCI,
· If joint encoding of HARQ-ACK and UTO-UCI is configured, the HARQ-ACK bits are after UTO-UCI bits.
· If joint encoding of HARQ-ACK and UTO-UCI is configured, UE will drop the UTO-UCI and multiplex the HARQ-ACK in the CG PUSCH.

Single or multiple CG configurations
Another issue is whether the UTO-UCI can indicate unused TOs of same or multiple CG configurations. From complexity perspective, association of unused TO indication with different CG configurations would be more complicated than unused TO indication only applying to TOs with the same CG configuration. For example, how to determine CG configurations for a UTO-UCI needs to be designed first. It would be more complicated when considering dynamic activation/de-activation for type 2 CG. Furthermore, how to determine bitmap indication for CG PUSCHs of multiple CG configurations also needs to be clarified. The design may be complicated when the multiple CG configurations with unaligned periodicities and overlapping occurs for the multiple CG configurations.
Considering the limited TUs in Rel-18, unused TO indication only applying to TOs with the same CG configuration is preferred. If there is necessity to indicate unused CG occasions for multiple CG configurations, gNB can configure UTO-UCI on each of the multiple CG configurations. Moreover, considering the main motivation to support UE reporting unused CG occasion information is the case of multiple CG occasions in one CG period, it is preferred to only focus on UCI indication design for the case of multi-PUSCHs CG.
Proposal 4: UTO-UCI indicates unused TOs of the same CG configuration as CG PUSCH carrying the UCI.
3. Conclusion
In this contribution, we discussed possible solutions for XR capacity improvement. We have following 
proposals:
Observation 1: Joint operation of PUSCH repetition with multi-PUSCH scheduling in Rel-16/17 is not supported.
· Repetition factor is always one for DCI 0_1 configured with multi-PUSCH scheduling.
Observation 2: Joint operation of PUSCH repetition with multiple CG PUSCH occasions in Rel-16 NR-U is not supported.
· When UE is configured with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, if K>1 is determined, UE only applies PUSCH repetition, i.e. UE repeats single TB on the first K PUSCH occasions.  

Proposal 1: Repetition factor for multi-PUSCH CG is always 1. 
Proposal 2: Support option B-b2 for UTO-UCI indication.
Proposal 3: For encoding/multiplexing of UTO-UCI,
· If joint encoding of HARQ-ACK and UTO-UCI is configured, the HARQ-ACK bits are after UTO-UCI bits.
· If joint encoding of HARQ-ACK and UTO-UCI is configured, UE will drop the UTO-UCI and multiplex the HARQ-ACK in the CG PUSCH.
Proposal 4: UTO-UCI indicates unused TOs of the same CG configuration as CG PUSCH carrying the UCI.
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