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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, some remaining issues on MR-DC are discussed and associated text proposals are provided.

2. Discussion 
2.1. More than one DCI in a monitoring occasion
In the previous meeting, it has been agreed to enable a UE detecting more than one DCI for a cell in a monitoring occasion, and to count the PDSCH starting time in addition to the cell index for counter DAI in this case.
	Agreement:
· Introduce a new FG for Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion as follows:
· Components:
· For HARQ-ACK type 2 codebook: Usage of the PDSCH starting time in addition to the existing MO and Cell index to order the HARQ-ACK feedback.
· Pre-requisites: 3-1 
· FDD/TDD separation N/A
· FR1/FR2 differentiation: N/A
· Type: Per UE
· Mandatory/Optional: Optional with capability signalling
· Note: The UE capability is introduced with following assumption:
· Specification reflects that UE behavior is modified only for UEs supporting this capability. 
· UE behavior of a UE supporting this capability is different from UE behavior of a UE not supporting this capability only for following case: 
· Type-2 HARQ-ACK codebook when HARQ-ACK feedback in a codebook corresponds to more than one DL DCI for same scheduled cell in a MO of a scheduling cell. 
· FFS: check if any update is needed in the related Pseudo code and handling of PDSCH starting time for ordering with existing functionality for multi-TRP operation 

Agreement:
Adopt the following text proposal for Clause 9.1.3.1 of TS 38.213:
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats is present up to the current serving cell and current PDCCH monitoring occasion, first, if the UE indicated support for [NEW FG] in increasing order of the time of the first symbol of the PDSCH for the same {serving cell, PDCCH monitoring occasion} pair, second in ascending order of serving cell index, and then in ascending order of PDCCH monitoring occasion index, where.



One example is shown in Figure 1, where a UE detects DCI-1 and DCI-2 in the same PDCCH monitoring occasion scheduling cell-1.
[image: ]
[bookmark: _Ref36824556][bookmark: _Ref36824553]Figure 1 Examples of more than one DCI in a monitoring occasion
In this case, if one of the scheduling DCIs triggering BWP switching, there may be some problem. For example, if the DCI-1 in Figure 1 indicates a BWP change of cell-1, it is not clear how to derive the DCI size of DCI-2, because the active BWP of DCI-2 is different from that of DCI-1. Another problem is how to determine the HARQ codebook if one of these DCIs scheduling the same cell indicates a BWP change, especially considering up to four DCIs can be detected in a monitoring occasion. 
There are some approaches to avoid these problems, i.e., by introducing some scheduling restrictions. 
Alt.1: BWP switching is only allowed for the last DCI (in increasing order of the time of the first symbol of the PDSCH) of the scheduled cell in a monitoring occasion. In this case, gNB can guarantee that the DCI size remains unchanged among DCIs for a scheduled cell.
Alt.2: If a DCI indicates BWP change for a scheduled cell, there is no other DCI for that cell in the same PDCCH monitoring occasion (i.e., only one DCI – the BWP changing DCI – is allowed in a monitoring occasion).
We slightly prefer Alt.2 for its simplicity. 
[bookmark: _Ref37170876]Proposal 1: If a DCI indicates BWP change for a scheduled cell, there is no other DCI for that cell in the same PDCCH monitoring occasion (i.e., only one DCI – the BWP changing DCI – for one scheduled cell is allowed in a monitoring occasion).
The associated TP is provided below:
	[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell , as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on
-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot  in response to PDSCH receptions or SPS PDSCH release
-	slot offsets  [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor or RepNumR16, when provided.
The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of start time of the search space sets associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats is present up to the current serving cell and current PDCCH monitoring occasion, first if the UE indicates support for PDSCH-Number-perMOperCell in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, second in ascending order of serving cell index, and then in ascending order of PDCCH monitoring occasion index , where  . If, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. If a UE indicates support of PDSCH-Number-perMOperCell, in a PDCCH monitoring occasion for each scheduled cell, the UE is not required to detect more than one DCI format, if the DCI format indicating an active DL BWP change for that scheduled cell.


[bookmark: _Ref37170879]Proposal 2: Agree the TP above for TS 38.213 to clarify the UE behavior.

2.2. Aperiodic CSI-RS triggering
The following agreement was achieved last meeting. A new RRC parameter was added to control the newly defined beam switching behavior in Rel-16. 
	Agreements:
· Introduce a new capability signaling for aperiodic CSI-RS triggering with beam switching timing (FG14-7 in UE features list)
· Followings are clarified for FG14-7 (beamSwitchTiming-r16) in the UE features list
· Candidate values of beamSwitchTiming-r16 include {224, 336}
· An RRC configuration parameter is added to indicate the UE behavior for AP-CSI-RS beam switching in Rel-16
· When provided, the UE behavior agreed in Rel-16 TEI is performed, with beamSwitchTiming-r16 as input
· Otherwise, the UE behavior specified in Rel-15 is performed, with beamSwitchTiming as input
· Adopt following TP to TS38.214


However, above behavior is only clarified for the same numerology case. For X-numerology CSI-RS triggering the related UE behavior should also be updated based on the latest agreement.
Moreover, the RRC parameter used in current TS 38.213 (aperiodicTriggeringOffsetExt-r16) is not aligned with that defined in TS 38.331: aperiodicTriggeringOffset-r16, which is updated together in the following TP.
	[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537][bookmark: _Toc45810582]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
[bookmark: _Hlk500779216]<Unchanged part ommited>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffsetExt-r16 aperiodicTriggeringOffset-r16. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} slots. If the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states , the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
<Unchanged part ommited>
[bookmark: _Toc29673174][bookmark: _Toc29673315][bookmark: _Toc29674308][bookmark: _Toc36645538][bookmark: _Toc45810583]5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions:
Beam switch timing:
-  If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48} and enableBeamSwitchTiming-r16 is not provided,, or is smaller than 48+  in CSI-RS symbols when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided, where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero
-	if one of the associated trigger states has the higher layer parameter qcl-Type set to 'QCL-TypeD',
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols when the reported value is one of the values {14,28,48} and enableBeamSwitchTiming-r16 is not provided, aperiodic CSI-RS scheduled with offset larger than or equal to 48+  in CSI-RS symbols when the reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming-r16 is provided, periodic CSI-RS, semi-persistent CSI-RS;
-	else,
-	if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is to be received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
-	else if the UE is configured with [enableDefaultBeamForCCS], when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the lowest-ID activated TCI state applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received. 
-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than the UE reported threshold beamSwitchTiming + d  in CSI-RS symbols, when the reported value is one of the values of {14,28,48} and enableBeamSwitchTiming-r16 is not provided, or is equal to or greater than 48+ in CSI-RS symbols when the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} and enableBeamSwitchTiming-r16 is provided where if the µPDCCH < µCSIRS, the beam switching timing delay d is defined in Table 5.2.1.5.1a-1, else d is zero, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
Table 5.2.1.5.1a-1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14



Aperiodic CSI-RS timing:

[bookmark: _Hlk26521758]-	When the aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset X is configured per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffsetExt-r16 aperiodicTriggeringOffset-r16, including the case that the UE is not configured with minimumSchedulingOffsetK0-r16 for any DL or UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, …, 31} slots when the µPDCCH < µCSIRS and {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} when the µPDCCH > µCSIRS.. The aperiodic CSI-RS is transmitted in a slot , if UE is configured with ca-SlotOffset for at least one of the triggered and triggering cell, and Ks = [image: ], otherwise, and where
-	n is the slot containing the triggering DCI, X is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffsetExt-r16 aperiodicTriggeringOffset-r16,
-	 and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,


-	 and are the and the, respectively, which are determined by higher-layer configured ca-SlotOffset for the cell receiving the PDCCH respectively, and   are the and the, respectively, which are determined by higher-layer configured ca-SlotOffset for the cell transmitting the CSI-RS respectively, as defined in [4, TS 38.211] clause 4.5
-	If the µPDCCH < µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than the first symbol of the CSI-RS carrier's slot that starts at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
-	If the µPDCCH > µCSIRS, the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS starts no earlier than at least Ncsirs PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
Table 5.2.1.5.1a: Ncsirs as a function of the subcarrier spacing of the triggering PDCCH
	µPDCCH
	Ncsirs [symbols]

	0
	4

	1
	5

	2
	10

	3
	[14]



<Unchanged part ommited>


[bookmark: _Ref47341341]Proposal 3: Agree the TP above for clarification on default beam switching behavior and alignement with RRC spec.

3. Conclusion
In the contribution, we provide our view on the remaining issues of MR-DC with the following proposals:
[bookmark: _GoBack]Proposal 1: If a DCI indicates BWP change for a scheduled cell, there is no other DCI for that cell in the same PDCCH monitoring occasion (i.e., only one DCI – the BWP changing DCI – for one scheduled cell is allowed in a monitoring occasion).
Proposal 2: Agree the TP above for TS 38.213 to clarify the UE behavior.
Proposal 3: Agree the TP above for clarification on default beam switching behavior and alignement with RRC spec.
4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref32251495][bookmark: _Ref521328302][bookmark: _Ref510367818]3GPP TS 38.213, “NR; Physical layer procedures for control”, v16.2.0 (2020-06).
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