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1. Background

In this contribution, we propose UE features for Rel-18 TEI for multi-DCI based multi-TRP and (2, 2) span-based PDCCH monitoring with additional restrictions.

2. Rel-18 TEI for multi-DCI based multi-TRP 

At RAN1#114, following agreement was achieved.
	Agreement
· For multi-DCI based multi-TRP operation, support the following:
· QCL-TypeD prioritization rules for overlapping CORESETs is performed per coresetPoolIndex value. 
· Adopt following TP in Clause 10.1 in TS 38.213.
	--Unchanged part omitted------------------------
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
If a UE 
-	is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and 
-	is provided coresetPoolIndex with value 1 for second CORESETs, and
-	is provided [twoQCLTypeDforMulti-DCI]
the UE applies procedures described above independently across the first CORESETs and the second CORESETs.
--Unchanged part omitted------------------------


· Introduce a UE capability for the red part of the above text.



For the above red part, we propose to introduce a new FG similar to Rel-17 FG23-2-2 (for monitoring two QCL TypeD for Rel-17 PDCCH repetition) or FG23-6-6 (for monitoring two QCL TypeD for Rel-17 SFN PDCCH).

Proposal 1:
· Introduce following Rel-18 FG for the endorsed Rel-18 TEI for multi-DCI based multi-TRP operation:
	55. TEI18
	55-7
	Two QCL TypeD for CORESET monitoring in multi-DCI based multi-TRP
	Support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA associated with coresetPoolIndex value 0 and 1
	16-2a
	Yes 
	N/A
	
	Per band
	N/A
	N/A
	FR2 only
	
	Optional with capability signalling




3. (2, 2) span-based PDCCH monitoring with additional restrictions

At RAN1#114, following agreement was achieved.
	Agreement
· Introduce FG 55-6 for (2, 2) span-based PDCCH monitoring with additional restriction(s)
	55. TEI18
	55-6
	(2, 2) span-based PDCCH monitoring with additional restriction(s)
	Support of (2, 2) span-based PDCCH monitoring as per FG11-2 with the following additional restriction(s)
· There is at least one OFDM symbol gap between two PDCCH monitoring occasions
	
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	This capability is signalled for SCS 15 kHz and 30 kHz

This capability is reported for processing capability #1 and for processing capability #2 respectively
	Optional with capability signalling






The UE indicating support of FG55-6 for a given {band of a band combination, SCS, and processing capability} would not indicate support of FG11-2 for (2, 2) span-based PDCCH monitoring for the same {band of the band combination, SCS, and processing capability}. This implies that the UE indicating support of FG55-6 cannot support of FG11-2a, 11-2b, 11-2c, 11-2d, 11-2e, 11-2f, 11-2g, and 23-2-1e for (2, 2) span-based PDCCH monitoring.

A straightforward approach is to define new FGs that prerequisite FG11-2 for (4, 3) and (7, 3) span-based PDCCH monitoring and FG55-6 for (2, 2) span-based PDCCH monitoring. The other approach is to add descriptions in legacy FG11-2a, 11-2b, 11-2c, 11-2d, 11-2e, 11-2f, 11-2g, and 23-2-1e that these FGs prerequisite FG11-2 for (4, 3) and (7, 3) span-based PDCCH monitoring and either {FG11-2, or FG55-6} for (2, 2) span-based PDCCH monitoring. Since the second approach is non-backward compatible, we propose to take the first approach; i.e., define the corresponding FGs.

Proposal 2:
· Introduce following Rel-18 FGs that indicates support of UE features defined in FG11-2a, 11-2b, 11-2c, 11-2d, 11-2e, 11-2f, 11-2g, and 23-2-1e for a UE supporting FG55-6 for (2, 2) span-based PDCCH monitoring
	55. TEI18
	55-6a
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
	1.Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
- Candidate value for the component: {2, 3, …, 16)

2.Supported span arrangement for CA
-Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6b
	Mix of Rel-16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
	Support Rel-15 monitoring capability and Rel-16 PDCCH monitoring capability on different serving cells
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1.Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
- Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
- Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15

2. Supported span arrangement for CA
- Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}

	FG11-2b for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6d
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-16 PDCCH monitoring on all the serving cells
	Supported combination of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	FG11-2b for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells with restriction for non-aligned span case
	1.Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
-Candidate value for the component: {2, 3, …, 16}

2.UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1.Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	FG11-2b for (7, 3) or (4, 4) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6h
	PDCCH repetition for Rel-16 PDCCH monitoring
	1. Support of PDCCH repetition with Rel-16 PDCCH monitoring capability as defined in FG 11-2 family.
2. Supported mode of PDCCH repetition
3. X per CC
4. X across all CCs
	FG23-2-1, and;

FG11-2 for (7, 3) or (4, 4) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling




4. HARQ Multiplexing for PDSCH Scheduling After UL Grant on PUSCH

In RAN1 114 meeting, the following set of 5 FGs were agreed to be introduced for this TEI. 

	55. TEI18
	55-4a
	Multiplexing Type-1 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-1 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where ACK/NACK is generated for the HARQ-ACK codebook including HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission. 
FFS dependency between 55-4d/55-4e
	4-1, 4-11, one of {5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-1 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4b
	Multiplexing Type-2 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-2 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where the HARQ-ACK codebook includes HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission. 
FFS dependency between 55-4d/55-4e
	4-1, 4-10, one of {5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-2 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4c
	Multiplexing Type-3 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-3 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where the HARQ-ACK codebook includes HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission
FFS dependency between 55-4d/55-4e
	4-1, 10-16, one of {5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-3 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4d
	Determining a different PUCCH resource to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in a slot from the PUCCH resource indicated by the last DCI format before a UL grant in the slot, to include HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling a PUSCH transmission with repetitions and the HARQ-ACK information are multiplexed on a repetition of the PUSCH transmission other than a first repetition in the same slot.
	4-1, 4-10
	Yes
	N/A
	UE does not support to determine a different PUCCH resource to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4e
	Determining different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining different codebook size in a PUCCH slot from the size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant, to include HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling a PUSCH transmission with repetitions and the HARQ-ACK information are multiplexed on a repetition of the PUSCH transmission other than a first repetition in the same slot.
	4-1, 4-10
	Yes
	N/A
	UE does not support to determine different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling



To resolve the dependency between FGs 55-4a to 55-4e, we suggest adding the restriction that a UE does not expect codebook size or PUCCH resource to change once UL grant is received. This ensures that the first three FGs offer a baseline behavior that can then be further enhanced by the subsequent two FGs. We suggest following:

Proposal 3: Add the following sentences to FGs 55-4a, 55-4b, and 55-4c.
· UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.
· UE does not expect to determine a different PUCCH resource in a slot from the PUCCH resource determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.

Proposal 4: For FG 55-4d and 55-4e, add “one of {FG 55-4a,55-4b, 55-4c}” as prerequisites.
Proposal 5: Indicate FGs 55-4a to 55-4e with per band granularity. 


5. Conclusion

In this contribution, we propose some FGs based on the agreements at RAN1#114 regarding Rel-18 TEI for (a) multi-DCI based multi-TRP operation, (b) (2, 2) span-based PDCCH monitoring, and (c) HARQ Multiplexing for PDSCH Scheduling After UL Grant on PUSCH with additional restrictions as follows.

Proposal 1:
· Introduce following Rel-18 FG for the endorsed Rel-18 TEI for multi-DCI based multi-TRP operation:
	55. TEI18
	55-7
	Two QCL TypeD for CORESET monitoring in multi-DCI based multi-TRP
	Support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA associated with coresetPoolIndex value 0 and 1
	16-2a
	Yes 
	N/A
	
	Per band
	N/A
	N/A
	FR2 only
	
	Optional with capability signalling



Proposal 2:
· Introduce following Rel-18 FGs that indicates support of UE features defined in FG11-2a, 11-2b, 11-2c, 11-2d, 11-2e, 11-2f, 11-2g, and 23-2-1e for a UE supporting FG55-6 for (2, 2) span-based PDCCH monitoring
	55. TEI18
	55-6a
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
	1.Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
- Candidate value for the component: {2, 3, …, 16)

2.Supported span arrangement for CA
-Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6b
	Mix of Rel-16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
	Support Rel-15 monitoring capability and Rel-16 PDCCH monitoring capability on different serving cells
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1.Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
- Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
- Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15

2. Supported span arrangement for CA
- Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}

	FG11-2b for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6d
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-16 PDCCH monitoring on all the serving cells
	Supported combination of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	FG11-2b for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells with restriction for non-aligned span case
	1.Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
-Candidate value for the component: {2, 3, …, 16}

2.UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	FG11-2 for (7, 3) or (4, 3) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1.Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	FG11-2b for (7, 3) or (4, 4) span based PDCCH monitoring;

FG55-6b for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	
	55-6h
	PDCCH repetition for Rel-16 PDCCH monitoring
	1. Support of PDCCH repetition with Rel-16 PDCCH monitoring capability as defined in FG 11-2 family.
2. Supported mode of PDCCH repetition
3. X per CC
4. X across all CCs
	FG23-2-1, and;

FG11-2 for (7, 3) or (4, 4) span based PDCCH monitoring;

FG55-6 for (2, 2) span based PDCCH monitoring with additional restriction(s)
	Yes 
	N/A
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling



Proposal 3: Add the following sentences to FGs 55-4a, 55-4b, and 55-4c.
· UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.
· UE does not expect to determine a different PUCCH resource in a slot from the PUCCH resource determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.

Proposal 4: For FG 55-4d and 55-4e, add “one of {FG 55-4a,55-4b, 55-4c}” as prerequisite.
Proposal 5: Indicate FGs 55-4a to 55-4e with per band granularity. 
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