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Introduction
This contribution provides Samsung’s views on Rel.16 multi-TRP/Panel Transmission.

Remaining issue in Single-PDCCH based NC-JT
In Rel. 16, PDSCH default beam behaviors have been enhanced for two different operation scenarios, single-PDCCH based NC-JT and cross carrier scheduling in MR-DC, as captured in the table below. 
	Multi-TRP
Agreement 
For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.
· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed
The support of this feature is part of UE capability.

MR-DC
Agreements:
When PDSCH and its scheduling PDCCH are in the different CCs, if the PDCCH-to-PDSCH delay < Threshold-Sched-Offset timeDurationForQCL or if the TCI information is absent from the DCI, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell

Agreement: Adopt a new RRC configuration parameter with which the network selects either Rel-15 or Rel-16 behaviour for the default beam selection 
	[TS 38.214 V16.2.0]
5.1.5	Antenna ports quasi co-location
...
[bookmark: _Hlk498002628][bookmark: _Hlk500790716]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of 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 by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE is configured with enableDefaultTCIStatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. When a UE is configured with enableTwoDefaultTCIStates, if the offset between the reception of the DL DCI and the corresponding PDSCH or the first PDSCH transmission occasion is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme-r16 set to 'TDMSchemeA' or is configured with higher layer parameter repetitionNumber-r16, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier and the UE is configured with [enableDefaultBeamForCCS]:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
…



Although there has been no intention to make above two features be mutually exclusive to each other from RAN1 discussions so far, it seems that the current specification does not capture any UE behavior when single PDCCH based NC-JT operation is scheduled by cross carrier scheduling. To address this issue, the following TP can be considered: 
Proposal 1: On PDSCH default beam for single-PDCCH based NC-JT, adopt the following TP in TS 38.214 V16.2.0:
	5.1.5	Antenna ports quasi co-location
--- start of TP ---
If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier and the UE is configured with [enabledDefaultBeamForCCS]:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell;
-	When a UE is configured with enableTwoDefaultTCIStates and at least one TCI codepoint indicates two TCI states for the component carrier of scheduled PDSCH, the UE may assume that the DM-RS ports of PDSCH of the component carrier are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
--- end of TP ---



Remaining issue in Single-PDCCH based NC-JT
In current specification the association of SPS PDSCH to the TRPs is not clearly defined. In our understanding the SPS PDSCH with the activation DCI is associated with the CORESETPoolIndex value of the CORESET in which the activation DCI is received. The subsequent SPS PDSCHs without DCI should also follow the same association. 
Proposal 2: For a SPS configuration, SPS PDSCH with or without DCI is associated with a TRP according to the value of CORESETPoolIndex in a CORESET in which the activation DCI of the SPS configuration is received. 
In RAN1#99 an agreement was reached to allow reception of two overlapping DG PDSCHs each from a different TRP. UE may declare a capability to support such a feature.
	Agreement 
For multi-DCI based multi-TRP, when PDCCHs schedule two PDSCHs/PUSCHs across TRPs, i.e. PDCCHs are associated with different values of CORESETpoolIndex, following operations are allowed: 
· PDCCH to PDSCH: For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.




Rel-16 has also introduced support of multiple active SPS configuration in a cell. For a UE that operates in a cell with multiple active SPS configuration and Multi-DCI M-TRP, and declares a capability of receiving two overlapping DG PDSCH, reception of two overlapping SPS PDSCHs should also be supported if the two PDSCHs are associated with different CORESETPoolIndex values. In fact receiving two overlapping SPS PDSCHs may be even less of a challenge as the UE is aware of the PDSCH resources semi-statically, once the configurations have been activated. 
Proposal 3: Extend the agreement in RAN1#99 to include two SPS PDSCHs which overlap in time domain and are associated to two different TRPs according to the value of CORESETPoolIndex.
Proposal 4: Adopt the following TP in TS 38.214 V16.2.0:
	5.1 UE procedure for receiving the physical downlink shared channel
--- start of TP ---
When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with one TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
For any SPS configuration, the corresponding SPS PDSCH with or without PDCCH is associated with a value of CORESETPoolIndex of the CORESET in which the activation DCI of the SPS configuration is received.
--- end of TP ---



UE capability for multi-TRP/Panel
During the e-mail discussion on UE feature [2], the following updates on the types of following FGs are provided.
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
1. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
1. [PDSCH processing capability for CC]

	FFS
	Yes
	N/A
	
	FFS FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

FFS: component (5) only applies to UE processing capability #1

[bookmark: _Hlk42697325]Component 1:  Candidate values {[2,] 3,4,5}

Component 2: Candidate values {1,2,3}

Component 4: Candidate values {1,2,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling

	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	1. Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs 
1. The maximal number of PDSCH scrambling sequences per serving cell
	16-2a
	Yes
	N/A
	
	FFS ALT1) per band
ALT2) FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

[bookmark: _Hlk42695920]Component 2: Candidate values {[1,] 2}
	Optional with capability signalling

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	1. Support PDSCHs with partially[/fully] overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE 
 
	[16-2a-0]
	Yes
	N/A
	
	FFS ALT1) per band
ALT2) FSPC
	No
	No
	
	
	Optional with capability signalling



Considering that multi-DCI based multi-TRP requires a lot of burden in UE side, it is desirable to make the support of FG16-2a to be flexible as much as possible. So, we support the type of FG16-2a to be FSPC. On FG16-2a-0 and FG16-2a-1, setting their type as ‘per band’ is actually meaningless given that their pre-requisite (FG16-2a) is set as FSPC. Since FSPC indicates each CC inside a band, the bands and CCs supported for FG16-2a-0 and FG16-2a-1 would be governed by FG16-2a, no matter which bands are reported for them. So the reasonable type for FG16-2a-0 and FG16-2a-1 would be FSPC which can further limit the CCs supporting those FGs compared to FG16-2a, resulting in lightening UE implementation burden.
Proposal 5: Support the types of FG16-2a/16-2a-0/16-2a-1 as FSPC.

FG 5-11/5-11a/5-11b describe the maximum number of unicast PDSCH’s per slot per CC a UE supports for UE processing time capability 1. FG 5-13/5-13a/5-13b/5-13c describe the maximum number of unicast PDSCHs per slot per CC a UE supports for UE processing time capability 2.
In the current description of 5-11/5-12/5-13, it is not very clear if 2 PDSCH transmissions for FDM scheme B and TDM scheme A are counted separately toward the number a UE reported. In our view, both the schemes involve demodulation and LLR generation operation similar to handling of two separate PDSCH TB’s in non-M-TRP situation. They also involve combining operation of two separately processed LLR’s for decoding operation or may involve two decoding operations depending on implementation. In that sense, those two PDSCHs should be counted separately toward the number a UE reported. Hence, we would like to propose to confirm RAN1 interpretation in the following way.
Proposal 6: Confirm the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-12/5-13.

Conclusion
1 
2 
In this contribution, the following proposals are given:
Proposal 1: On PDSCH default beam for single-PDCCH based NC-JT, adopt the following TP in TS 38.214 V16.2.0:
	5.1.5	Antenna ports quasi co-location
--- start of TP ---
If the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier and the UE is configured with [enabledDefaultBeamForCCS]:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell;
-	When a UE is configured with enableTwoDefaultTCIStates and at least one TCI codepoint indicates two TCI states for the component carrier of scheduled PDSCH, the UE may assume that the DM-RS ports of PDSCH of the component carrier are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
--- end of TP ---



Proposal 2: For a SPS configuration, SPS PDSCH with or without DCI is associated with a TRP according to the value of CORESETPoolIndex in a CORESET in which the activation DCI of the SPS configuration is received. 
Proposal 3: Extend the agreement in RAN1#99 to include two SPS PDSCHs which overlap in time domain and are associated to two different TRPs according to the value of CORESETPoolIndex.
Proposal 4: Adopt the following TP in TS 38.214 V16.2.0:
	5.1 UE procedure for receiving the physical downlink shared channel
--- start of TP ---
When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with one TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
For any SPS configuration, the corresponding SPS PDSCH with or without PDCCH is associated with a value of CORESETPoolIndex of the CORESET in which the activation DCI of the SPS configuration is received.
--- end of TP ---



Proposal 5: Support the types of FG16-2a/16-2a-0/16-2a-1 as FSPC.
Proposal 6: Confirm the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-12/5-13.
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