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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
Time domain resource allocation
At RAN1#112 meeting, possible alternatives for TDRA of multiple CG PUSCH occasions were identified for further study. And at RAN1#112bis meeting, it was agreed that Alt-A1, Alt-B and Alt-C2 would be prioritized for further downscoping. 
	Agreement (@RAN1#112)
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

Agreement (@RAN1#112bis)
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



From specification impact perspective, new parameter for number of PUSCH occasions in one CG period need to be configured/indicated for Alt-A1. For Alt-B, Rel-16 NR-U framework can work without any enhancement. For Alt-C2, Rel-17 single DCI scheduling multiple PUSCHs scheme can be reused by simply extending the applicability to FR1/FR2-1, without any configuration or DCI design impact. To summary, Alt B/ Alt-C2 can work for multi-PUSCHs CG, with no/little additional specification impact. 
From flexibility perspective, Alt-C2 is the most flexible method by separately indicating TDRA for each CG PUSCH occasion. While multiple CG PUSCH occasions determined by Alt-A1/ Alt-B should be consecutive or in consecutive slots.
Considering specification impact and flexibility, Alt-C2 is preferred.
Proposal 1: Support Alt C-2 for TDRA of multiple CG PUSCHs in one CG period, i.e. following Rel-17 single DCI scheduling multiple PUSCHs.

In current spec, UE can’t validate a DCI for CG PUSCH activation if the DCI indicates more than one SLIV by the TDRA field according to the highlighted description below. If separate TDRA indication for each CG PUSCH occasion is achieved by TDRA field in the activation DCI indicating multiple SLIVs, the limitation should be relaxed.
	TS38.213 
10.2	PDCCH validation for DL SPS and UL grant Type 2
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI or a G-CS-RNTI provided by g-cs-RNTI, and
-	the new data indicator field in the DCI format for the enabled transport block is set to '0', and
-	the DFI flag field, if present, in the DCI format is set to '0', and
-	the time domain resource assignment field in the DCI format indicates a row with single SLIV, and
-	if validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field in the DCI format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dl-DataToUL-ACK-r16. 



Proposal 2: Relax the limitation for validation of CG PUSCH activation DCI, when the TDRA field in the activation DCI indicates multiple SLIVs.

For Rel-17 multi-PUSCH scheduling in FR2-2, joint operation of multiple PUSCH repetitions and single DCI scheduling multiple PUSCHs is not supported due to UE and operation complexity. Similarly, joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetition is not preferred from the similar reasons.
For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with only one repetition.
Proposal 3: Not support joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetitions. 
· For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with single repetition.

HARQ process ID
At RAN1#112bis meeting, HARQ process ID determination issue was discussed with following agreement. 
	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.




The basic idea of HP ID determination method in the agreement and working assumption is to calculate HP ID for the first/configured CG PUSCH based on a formula, and determine HP ID for remaining CG PUSCHs by increasing HP ID. 
For HP ID determination for the first configured/valid PUSCH, open issues include the position of the “multiplying X” (i.e. whether inside or outside the floor operation) and the value of X/offset1/offset2. In the legacy HP ID calculation formular, HP ID offset for CG PUSCHs in two consecutive CG periods is one. If without multiplying X or when X=1, assuming the HP ID for the first configured/valid CG PUSCH in a previous CG period is N, then the HP ID for the second configured/valid CG PUSCH in a previous CG period is N+1. And the HP ID for the first configured/valid CG PUSCH in the next CG period is also equal to N+1. As a consequence, HP ID collision occurs, and it is possible that a PUSCH in a later CG period is transmitted before HARQ procedure or retransmission of in a previous CG period is not completed. The intention to introduce “multiplying X” enhancement is to avoid HP ID collision for CG PUSCHs in consecutive CG periods. With multiplying X in the legacy HP ID calculation formula, the calculated HP ID for a certain period is expanded by X times, so that the HP ID offset for first configured/valid PUSCHs in two consecutive CG periods is X. With such motivation, it is more straightforward to directly multiply X outside the floor operation. In order to avoid collision HP ID for CG PUSCHs in two consecutive CG periods, the value of X can be determined as equal to the number of configured PUSCHs in one CG period. For value of Offset1 and Offset2, the benefit of non-zero values is not clear. The simplest solution that Offset1=0 and Offset2=0 can be applied.
Regarding HP ID for remaining PUSCHs in the CG period, the intention of the working assumption is to reuse HP ID determination rule used in Rel-16/17 single DCI scheduling multiple PDSCHs/PUSCHs case, i.e. HP ID for remaining CG PUSCHs are determined by incrementing HP ID of the preceding PUSCH. We don’t think additional UE complexity is required for the multi-PUSCHs CG case compared to Rel-16/17 multi-PDSCH/PUSCH scheduling case. The working assumption should be confirmed. Regarding value of Y, we think the simplest solution is to apply Y=1, which is similar to Rel-16/17 multi-PDSCH/PUSCH scheduling case.
Regarding “configured/valid”, using “valid” can save HP ID resource, i.e. the enhanced HP ID calculation procedure is applied to determine HP ID for the 1st valid PUSCH, and HP ID incrementation for remaining CG PUSCHs only consider valid PUSCHs. Moreover, in Rel-17 single DCI scheduling multi-PUSCHs, the HP ID is indicated for the first valid PUSCH, and incrementing of HP ID only counts valid PUSCHs.
Proposal 4: For HP ID determination of multiple CG PUSCHs in one CG period,
· For HARQ process ID calculation for the first valid CG PUSCH,
· “multiplying X” is outside the floor operation, and X= number of configured PUSCHs in one CG period.
· offset1 = 0, and offset2 = 0.
· The HARQ process ID of the remaining valid PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding valid PUSCH in the period, with Y=1. 

2.2 UE reporting indication of unused CG occasions by UCI
At RAN1#112bis meeting, it was agreed that the UCI for indication of unused TOs is a new UCI, and indicated unused TOs can be consecutive or non-consecutive TOs. Remaining issues include UCI content, encoding/multiplexing of the UCI, whether for single or multiple CG configuration, etc.

UCI content
At RAN1#112bis meeting, it was agreed that the UTO-UCI can indicate consecutive or non-consecutive unused TOs by bitmap indication. The details on determining time duration/range for the indicated TOs still need to be clarified.
	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.



A straightforward solution to determine the time duration/range for the indicated TOs is based on starting and duration/length of the time duration/range. 
The starting of the time duration/range can be determined according to an offset, e.g. the first indicated TO is the first TO with X slots/symbols/TOs/CG periods after the ending/starting symbol of CG PUSCH carrying the UCI. The value of X can be defined by specification, or configured by RRC or indicated by activation DCI, or dynamically indicated by the UTO-UCI. Dynamic offset indication by UTO-UCI is the most flexible method, at the cost of UCI payload. Considering each transmitted CG PUSCH of a CG configuration includes the UTO-UCI, the flexibility of dynamic offset indication is not very necessary.  And  RRC configured or activation DCI indicated X value can provide better flexibility than specification defined value. Therefore, it is preferred to determine the offset value X by RRC configuration or by indication via the activation DCI. Moreover, the value of X may need to consider required time for gNB to utilize the unused CG occasion information for other UEs. Limitation on candidate values of the offset may be necessary, e.g. X is no smaller than a certain value, in order to leave time for gNB to utilize the unused CG occasion information for other UEs.
With the first indicated TO determined as above, the simplest method to determine the time duration/range is based on number of TOs, e.g. the UTO-UCI indicates used or unused information for N consecutive TOs from the first indicated TO. 
Proposal 5: To determine the indicated TOs for the bitmap indication,
· The offset of the first indicated TO relative to the CG PUSCH carrying the UCI can be configured by RRC or indicated by activation DCI, where the offset can be number of symbols/slots/TOs.
· The number of consecutive TOs corresponding to the bitmap can be configured by RRC or indicated by activation DCI.

Moreover, it needs to be clarified how to consider invalid TOs, e.g. TOs overlapping with semi-static DL or SSB symbol. Following options can be considered:
· Option 1: invalid TOs are excluded for time duration/range determination, i.e. invalid TOs are not counted in the N consecutive TOs.
· Option 2: invalid TOs are included for time duration/range determination, while UE skips bits for invalid TOs, i.e. (N-m) bits bitmap for (N-m) valid TOs.
· Option 3: invalid TOs are included for time duration/range determination, and UE still reports bits for invalid TOs, i.e. always N bits bitmap for N consecutive valid or invalid TOs
[image: ]
Fig 1: Option 1 example
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Fig 2: Option 2 example
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Fig 3: Option 3 example
For option 1, the offset between the first indicated TO and the last indicated TO may be longer than N TOs. Considering prediction for the traffic with long time offset may be not accurate, it seems not necessary to extend the time duration/range. For option 2 and option 3, option 2 can save UCI payload by reducing the bitmap length, without any useful information loss than option 3. And option 2 doesn’t cause any ambiguity issue, as long as gNB and UE can always have same understanding on the invalid TOs. Therefore, option 2 is preferred. 
Proposal 6: For a TO overlapping with semi-static DL or SSB symbols within the indicated TO range, UE skips the bit for the TO.

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. UE 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 7: For encoding/multiplexing of UTO-UCI,
· If joint encoding of HARQ-ACK and UTO-UCI is configured, the UTO-UCI bits are after HARQ-ACK bits.
· If joint encoding of HARQ-ACK and UTO-UCI is configured, two options can be considered:
· Option 1: Reuse CG-UCI rule, i.e. UE will drop the CG PUSCH and multiplex the HARQ-ACK in PUCCH or another PUSCH if they have same priority index.
· Option 2: UE will drop the UTO-UCI and multiplex the HARQ-ACK in the CG PUSCH.

Single or multiple CG configurations
Another issues 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. 
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. The benefit of following Alt 1 compared to Alt 2 is not clear.
· Alt 1: UTO-UCI is configured only for one CG configuration, with each UTO-UCI can indicate TOs of multiple CG configurations.
· Alt 2: UTO-UCI is configured for multiple CG configurations, with each UTO-UCI can indicate TOs of the same CG configurations.
Considering the limited TUs in Rel-18, unused TO indication only applying to TOs with the same CG configuration is preferred. 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 8: 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:
Proposal 1: Support Alt C-2 for TDRA of multiple CG PUSCHs in one CG period, i.e. following Rel-17 single DCI scheduling multiple PUSCHs.
Proposal 2: Relax the limitation for validation of CG PUSCH activation DCI, when the TDRA field in the activation DCI indicates multiple SLIVs.
Proposal 3: Not support joint operation of multiple CG PUSCH occasions in a CG period and CG PUSCH repetitions. 
· For example, if rep-K is configured with value K in ConfiguredGrantConfig, and the TDRA field in the activation DCI indicates multiple SLIVs, UE may transmit on the multiple CG PUSCH occasions in one CG period, with each CG PUSCH occasion with single repetition.
Proposal 4: For HP ID determination of multiple CG PUSCHs in one CG period,
· For HARQ process ID calculation for the first valid CG PUSCH,
· “multiplying X” is outside the floor operation, and X= number of configured PUSCHs in one CG period.
· offset1 = 0, and offset2 = 0.
· The HARQ process ID of the remaining valid PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding valid PUSCH in the period, with Y=1. 
Proposal 5: To determine the indicated TOs for the bitmap indication,
· The offset of the first indicated TO relative to the CG PUSCH carrying the UCI can be configured by RRC or indicated by activation DCI, where the offset can be number of symbols/slots/TOs.
· The number of consecutive TOs corresponding to the bitmap can be configured by RRC or indicated by activation DCI.
Proposal 6: For a TO overlapping with semi-static DL or SSB symbols within the indicated TO range, UE skips the bit for the TO.
Proposal 7: For encoding/multiplexing of UTO-UCI,
· If joint encoding of HARQ-ACK and UTO-UCI is configured, the UTO-UCI bits are after HARQ-ACK bits.
· If joint encoding of HARQ-ACK and UTO-UCI is configured, two options can be considered:
· Option 1: Reuse CG-UCI rule, i.e. UE will drop the CG PUSCH and multiplex the HARQ-ACK in PUCCH or another PUSCH if they have same priority index.
· Option 2: UE will drop the UTO-UCI and multiplex the HARQ-ACK in the CG PUSCH.
Proposal 8: UTO-UCI indicates unused TOs of the same CG configuration as CG PUSCH carrying the UCI.
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