[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #101	R1-2004395
e-Meeting, May 25th – June 5th, 2020

Source:	NTT DOCOMO, INC
Title:	Remaining issues on multi-TRP/panel transmission
[bookmark: Source]Agenda Item:	7.2.6.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
In this contribution, we discuss the remaining issues and corrections for multi-TRP/panel transmission.
Multi-TRP/panel enhancement for non-coherent joint transmission 

Single PDCCH based multi-TRP/panel transmission
Default TCI states for AP CSI-RS
In the last RAN1 meeting, default TCI states for AP CSI-RS in single PDCCH based multi-TRP system was discussed [1]. And in fact, two issues need to be considered. One is which TCI states should be used for AP CSI-RS buffering. Another is which TCI states should be used for CSI measurement on AP CSI-RS. 
For the first issue, three cases need to be considered:
· Case 1: When there is PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL in the same symbols as AP CSI-RS
· Case 2: When there is CSI-RS with indicated TCI states in the same symbols as AP CSI-RS
· The CSI-RS refers to aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS or semi-persistent CSI 
· Case 3: when there is no other DL signal in the same symbols as AP CSI-RS
For case 1, it is natural to assume the indicated TCI state(s) of the PDSCH is applied for AP CSI-RS buffering. For case 3, it is natural to assume the default TCI states of PDSCH is applied for AP-CSI-RS buffering, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. For case 2, there are different options:
· Option 1: UE assumes the QCL-TypeD of the indicated TCI state of the CSI-RS is applied for AP CSI-RS buffering.
· Option 2: UE assumes the default TCI states of PDSCH is applied for AP-CSI-RS buffering, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Before the DCI decoding, UE doesn’t know which DL signal need to be received. So UE may need to buffer all the DL signals before DCI decoding. For option 1, UE may need to buffer DL signals with three TCI states since the indicated TCI state of the CSI-RS may be different from the default TCI states of PDSCH. While, for option 2, the default TCI states for AP-CSI-RS buffering is the same as the default TCI states of PDSCH. That means UE only need to buffer the DL signal with two TCI states. Therefore, option 2 is simpler than option 1. Based on the above analysis, we have the following proposal:
Proposal 1:
· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
· If there is PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL in the same symbols as AP CSI-RS,
· The UE applies the QCL-TypeD(s) of the TCI-state(s) of the PDSCH to buffer the symbols of the AP CS-RS.
· Otherwise, if there is any CSI-RS with indicated TCI-states or there is no known DL signal in the same symbols of AP CSI-RS:
· The UE apply the QCL-TypeDs of the default TCI-states for PDSCH i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, to buffer the symbol of AP CSI-RS.
For the second issue, two options can be considered:
· Option 1: The UE always uses the AP CSI-RS buffered with the QCL-typeD of the first TCI-state to measure CSI.
· Option 2: If the TCI-state of the indicated AP CSI-RS is the same as one of the default TCI-state(s) for AP CSI-RS buffering, the UE use the AP CSI-RS buffered with the QCL-TypeD of the TCI-state that is same to the indicated TCI-state to measure the CSI. If the TCI-state of the indicated AP CSI-RS is not the same as any of the default TCI-state(s), the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.
As discussed in the last meeting, option 2 can provide more gNB scheduling flexibility on AP CSI-RS while option 1 only allows scheduling AP CSI-RS with smaller offset for one TRP. Therefore, we have the following proposal:
Proposal 2:
· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming, the UE can measure the CSI on the AP CSI-RS based on the following:
· If the TCI-state of the indicated AP CSI-RS is the same as one of the default TCI-state(s) for AP CSI-RS buffering, the UE use the AP CSI-RS buffered with the QCL-TypeD of the TCI-state that is same to the indicated TCI-state to measure the CSI; if the TCI-state of the indicated AP CSI-RS is not the same as any of the default TCI-state(s), the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.
· Adopt the following TP in TS38.214 section 5.2.1.5.1:
	5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>
· 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
· 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 when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
· else, 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.
· If at least one TCI codepoint contains two TCI states for PDSCH, and 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}. 
· If there is PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL in the same symbols as the CSI-RS, 
· If the TCI state of the aperiodic CSI-RS is the same as one of the indicated TCI state(s) of PDSCH, the UE applies the QCL assumption associated with the indicated TCI state of PDSCH which is the same as the TCI state of the aperiodic CSI-RS when receiving the aperiodic CSI-RS.
· Otherwise, the UE applies the QCL assumption associated with the first indicated TCI of PDSCH when receiving the aperiodic CSI-RS.
· Otherwise, when receiving the aperiodic CSI-RS, 
· If the TCI state of the aperiodic CSI-RS is the same as one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE applies the QCL assumption associated with the TCI state which is the same as the TCI state of the aperiodic CSI-RS among the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Otherwise, the UE applies the QCL assumption associated with the first TCI state among the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unchanged parts are omitted>



Multiple PDCCH based multi-TRP/panel transmission
Joint dynamic HARQ-ACK codebook
Clarification on ACKNACKFeedbackMode configuration
Based on the LS on updated Rel-16 LTE and NR parameter lists [2], the parameter ACKNACKFeedbackMode is configured per cell group rather than per BWP. However, in some sections of TS38.213, the parameter ACKNACKFeedbackMode is configured per BWP. Therefore, the text proposal is proposed to correct this.
Proposal 3:
· Adopt the following TP in TS38.213 section 9.2.3:
	[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304][bookmark: _Toc36498178]9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for [image: ] HARQ-ACK information bits, as described in Clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212], if present, in a last DCI format, among the DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. For indexing DCI formats within a serving cell for a same PDCCH monitoring occasion, if 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 on an active DL BWP of a serving cell, and with ACKNACKFeedbackMode = JointFeedback for the active UL BWP, detected DCI formats from PDCCH receptions in the first CORESETs are indexed prior to detected DCI formats from PDCCH receptions in the second CORESETs.
< Unchanged parts are omitted >


Radio link monitoring for multiple PDCCH based multi-TRP/Panel transmission
In Rel.15, when the UE is not provided RadioLinkMonitoringRS, the UE decides the RLM RS based on the RS provided for the active TCI state for PDCCH reception [1]. For multi-PDCCH based multi-TRP transmission, the maximum number of CORESETs per “PDCCH-config” is increased to 5 according to UE capability and each CORESET is associated with one TRP. However, the TRP information is not considered in Rel.15 RLM RS determination, if the Rel.15 RLM RS(s) determination rule is reused, the RLM RSs may come from either TRP or from two TRPs randomly, which is not reasonable for multi-PDCCH based multiple TRP transmission. In spite of multi-TRP operation, the UE has RRC connection to at least one TRP. Besides, some common control signaling should be transmitted from one TRP. Therefore, it is reasonable that RLM RS is associated with this TRP only. In this case, the UE can determine the RLM RS based on the CORESETs associated with a specific higher layer index. One simple way is to use the CORESETs associated with the CORESETPoolIndex 0. Based on the above, we have the following proposal:

Proposal 4:
· For radio link RS determination for multi-PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.213 section 5: 
	[bookmark: _Hlk32415158]5 Radio link monitoring
< Unchanged parts are omitted >
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS, for a UE that
· is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for first CORESETs on active DL BWPs of serving cells, and 
· is provided CORESETPoolIndex with value 1 for second CORESETs on active DL BWPs of serving cells
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception in first CORESETs if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception in first CORESETs includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in first CORESETs and associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs in first CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
< Unchanged parts are omitted >


Default TCI state for aperiodic CSI-RS
For multiple PDCCH based multi-TRP, in order to support the multiple TRP operation in FR2, two default TCI states are defined for PDSCH when the scheduling offset is less than the threshold timeDurationForQCL. For the same purpose, default TCI states for AP CSI-RS should be also defined for multi-TRP scenarios. In general, the following cases need to be considered:
· Case 1: if there is any other DL signal(s) with indicated TCI state(s) in the same symbol as the AP CSI-RS
· Case 1-1: if there is any other DL signal(s) with indicated TCI state(s) and at least one of the other DL signal(s) is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS
· Case 1-2: if there is any other DL signal(s) with indicated TCI state(s) and none of the other DL signal(s) are associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS
· Case 1-3: if there is any other DL signal(s) with indicated TCI state(s) and all the other DL signals are not associated with a CORESETPoolIndex value
· Case 2: if there is not any other known DL signals with an indicated TCI state(s) in the same symbol as the AP CSI-RS
For case 1-1, it is natural to use the TCI state of the other DL signal that is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS for AP CSI-RS processing. For case1-2, it is natural to use the TCI state of CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS in the latest slot. For case 1-2, case 1-3, two options can be considered:
· Option 1: For AP CSI-RS processing, the UE assumes the TCI state of the other DL signal is applied.
· Option 2: For AP CSI-RS processing, the UE assumed the TCI state of CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS in the latest slot is applied.
For option 1, UE may need to receive more than two TCI states if the TCI state of the other DL signal is different from the default TCI states of PDSCH. For option 2, UE needs to receive at most two TCI states for DL reception. Considering the UE complexity, option 2 is preferred. Based on the above analysis, we have the following proposal:
Proposal 5:
· In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming,
· if there is any other DL signal(s) with indicated TCI state(s) and at least one of the other DL signal(s) is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS, the UE assumes the TCI state of the other DL signal that is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS is applied for AP CSI-RS processing;
· Otherwise, the UE assumed the TCI state of CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS in the latest slot is applied for AP CSI-RS processing
· Adopt the following TP in TS38.214 section 5.2.1.5.1:
	5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>
· 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
· 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 when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
· else, 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.
· If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, and 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}. 
· If there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS and the DL signal is associated with a same CORESETPoolIndex as the PDCCH triggering the aperiodic CSI-RS, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the other DL signal which is scheduled by a PDCCH associated with the same CORESETPoolIndex as the PDCCH triggering the aperiodic CSI-RS.
· Otherwise, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling the aperiodic CSI-RS, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling the aperiodic CSI-RS within the active BWP of the serving cell are monitored by the UE.
<Unchanged parts are omitted>


active BWP operation
In the FL summary of multi-TRP transmission [1], the issue of active BWP operation was captured. In general, following options were proposed: 
· Option 1: only allow BWP switching for PDSCH scheduled by PDCCH associated with CORESETPoolIndex = 0;
· Option 2: when the UE is scheduled with different active BWPs, only one PDCCH is applied and the other PDCCH is dropped;
· Option 3: UE doesn’t expect to receive multiple PDCCHs to indicate different active BWPs if the UE is expected to receive multiple PDSCHs simultaneously.
In the RAN1#96 meeting, the following was agreed:
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· …
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· …
Based on the agreement, option 3 was already agreed and the only thing left is how to capture it in the spec. To capture the agreement, we have the following proposal.
Proposal 6:
Adopt the following TP in TS38.214 section 5.1:
	5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged parts are omitted>
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, and the UE is expected to be activated one BWP per serving cell. When the UE is scheduled with multiple PDSCHs simultaneously at given symbols in a serving cell, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
<Unchanged parts are omitted>


Multiple TRP enhancement for URLLC
Type-1 HARQ-ACK codebook determination for TDM scheme A
In Rel.15, type-1 HARQ-ACK codebook is determined based on a set of slot time values K1, a set of row indexes of a PDSCH time domain resource allocation table, etc. For TDM scheme A, if two TCI states are indicated, the UE may receive two PDSCH transmission occasions corresponding to two different row indexes of a PDSCH time domain resource allocation table. In this case, it is unclear how to determine the HARQ-ACK bit location for TDM scheme A. For example, the time domain resource allocation of TDM scheme A is indicated as in Fig.1 and the PDSCH time domain resource allocation table is configured as in Fig.2. The time domain resource allocation of PDSCH#1 corresponds to row index #0 in the PDSCH time domain resource allocation table. The time domain resource allocation of PDSCH#2 is overlapped with row index#1 in the PDSCH time domain resource allocation table. According to the type-1 HARQ-ACK codebook generation pseudo-code, two HARQ-ACK bits location may be generated, one corresponds to candidate PDSCH reception occasion of row index#0 and another corresponds to the candidate PDSCH reception occasion of row index#1. Furthermore, based on TS38.213 section 9.1, “If a UE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per transport block.”, the UE generates one HARQ-ACK information bit per TB if CBG transmission is not configured. Therefore, in the above example, one HARQ-ACK bit location needs to be selected for HARQ-ACK bit transmission for two PDSCHs in TDM scheme A. Since the time domain resource allocation is indicated based on the 1st PDSCH reception occasion for TDM scheme A, it is natural to determine the HARQ-ACK bit location based on the 1st PDSCH reception occasion.
[image: ]
Fig.1 Time domain resource allocation for TDM scheme A
[image: ]
Fig.2 PDSCH time domain resource allocation table configuration
Proposal 7:
· For TDM scheme A, the HARQ-ACK bit location in type-1 HARQ-ACK codebook is determined based on the 1st PDSCH reception occasion.
· Adopt the following TP in TS38.213 section 9.1.2.1:
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged parts are omitted>
For the set of slot timing values K1, the UE determines a set of MA,c occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases. When a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, and if two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’, a location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to two PDSCH reception occasions by a single DCI format is same as for the first PDSCH reception.
<Unchanged parts are omitted>


Default TCI state for scheme 3 and scheme 4
In the RAN1#100b-e meeting, the following was proposed for default TCI states for scheme 3 and scheme 4:
· Alt1: The UE use the time offset between the DCI and each n-th PDSCH transmission occasion to determine the TCI-state for n-th PDSCH transmission occasion. 
· If the time offset between the DCI and the n-th PDSCH transmission occasion is less than the threshold, the default TCI state is applied on the reception of n-th PDSCH transmission occasion.
· If the time offset between the DCI and the n-th PDSCH transmission occasion is greater than or equal to the threshold, the corresponding TCI state indicated in the TCI field is applied on the reception of n-th PDSCH transmission occasion.
· Alt2: When the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions, respectively. The mapping between default TCI states and PDSCH transmission occasions follows the mapping specified in Section 5.1.2.1 in TS 38.214.
· Alt3: For scheme 3 and 4, rel-15 default TCI state is applied.
For Alt.1 and Alt.2, both can work well. The difference is performance vs UE complexity. Alt.1 can achieve more diversity gain at the cost of UE complexity. Alt.2 is simpler for UE implementation while the diversity gain cannot be achieved. For Alt.3, it is not preferred since before DCI decoding, UE cannot distinguish which scheme is applied. Among Alt.1 and Alt.2, we slightly prefer Alt.2 considering the last meeting for Rel.16 and any optimization should be avoided at this stage.
Proposal 8:
· For scheme 3 and scheme 4, when the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions, respectively. The mapping between default TCI states and PDSCH transmission occasions follows the mapping specified in Section 5.1.2.1 in TS 38.214.
· Adopt the following text proposal in TS38.214 section 5.1.5:
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513]5.1.5	Antenna ports quasi co-location
[bookmark: _Hlk498002628][bookmark: _Hlk500790716]<Unchanged parts are omitted>
[bookmark: _Hlk26289978]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states and 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 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 CORESET-ID 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. 
If the offset between the reception of the DL DCI and the corresponding PDSCH 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 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 a UE is configured by higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, if two TCI states are indicated by the DCI field 'Transmission Configuration Indication' , the first and second TCI states of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states are applied to the first and second PDSCH transmission occasions, respectively.
· [bookmark: _Hlk26036768]When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 
· If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the first TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first PDSCH transmission occasions.
· When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping. 
· When CycMapping is enabled, the first and second TCI states of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
· When SeqMapping is enabled, first TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first and second PDSCH transmissions, and the second TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions.
<Unchanged parts are omitted>



Conclusion
In this contribution, we discussed the remaining issues on multi-TRP/panel transmission in Rel-16. Based on the discussion, we made the following proposals.
Proposal 1:
· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
· If there is PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL in the same symbols as AP CSI-RS,
· The UE applies the QCL-TypeD(s) of the TCI-state(s) of the PDSCH to buffer the symbols of the AP CS-RS.
· Otherwise, if there is any CSI-RS with indicated TCI-states or there is no known DL signal in the same symbols of AP CSI-RS:
· The UE apply the QCL-TypeDs of the default TCI-states for PDSCH i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, to buffer the symbol of AP CSI-RS.
Proposal 2:
· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming, the UE can measure the CSI on the AP CSI-RS based on the following:
· If the TCI-state of the indicated AP CSI-RS is the same as one of the default TCI-state(s) for AP CSI-RS buffering, the UE use the AP CSI-RS buffered with the QCL-TypeD of the TCI-state that is same to the indicated TCI-state to measure the CSI; if the TCI-state of the indicated AP CSI-RS is not the same as any of the default TCI-state(s), the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.
· Adopt the following TP in TS38.214 section 5.2.1.5.1:
	5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>
· 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
· 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 when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
· else, 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.
· If at least one TCI codepoint contains two TCI states for PDSCH, and 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}. 
· If there is PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL in the same symbols as the CSI-RS, 
· If the TCI state of the aperiodic CSI-RS is the same as one of the indicated TCI state(s) of PDSCH, the UE applies the QCL assumption associated with the indicated TCI state of PDSCH which is the same as the TCI state of the aperiodic CSI-RS when receiving the aperiodic CSI-RS.
· Otherwise, the UE applies the QCL assumption associated with the first indicated TCI of PDSCH when receiving the aperiodic CSI-RS.
· Otherwise, when receiving the aperiodic CSI-RS, 
· If the TCI state of the aperiodic CSI-RS is the same as one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE applies the QCL assumption associated with the TCI state which is the same as the TCI state of the aperiodic CSI-RS among the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Otherwise, the UE applies the QCL assumption associated with the first TCI state among the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unchanged parts are omitted>


Proposal 3:
· Adopt the following TP in TS38.213 section 9.2.3:
	9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for [image: ] HARQ-ACK information bits, as described in Clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212], if present, in a last DCI format, among the DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. For indexing DCI formats within a serving cell for a same PDCCH monitoring occasion, if 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 on an active DL BWP of a serving cell, and with ACKNACKFeedbackMode = JointFeedback for the active UL BWP, detected DCI formats from PDCCH receptions in the first CORESETs are indexed prior to detected DCI formats from PDCCH receptions in the second CORESETs.
< Unchanged parts are omitted >


Proposal 4:
· For radio link RS determination for multi-PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.213 section 5: 
	5 Radio link monitoring
< Unchanged parts are omitted >
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS, for a UE that
· is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for first CORESETs on active DL BWPs of serving cells, and 
· is provided CORESETPoolIndex with value 1 for second CORESETs on active DL BWPs of serving cells
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception in first CORESETs if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception in first CORESETs includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in first CORESETs and associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs in first CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
< Unchanged parts are omitted >


Proposal 5:
· In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming,
· if there is any other DL signal(s) with indicated TCI state(s) and at least one of the other DL signal(s) is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS, the UE assumes the TCI state of the other DL signal that is associated with a same CORESETPoolIndex value as the PDCCH triggering the AP CSI-RS is applied for AP CSI-RS processing;
· Otherwise, the UE assumed the TCI state of CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS in the latest slot is applied for AP CSI-RS processing
· Adopt the following TP in TS38.214 section 5.2.1.5.1:
	5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>
· 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
· 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 when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
· else, 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.
· If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, and 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, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}. 
· [bookmark: _GoBack]If there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS and the DL signal is associated with a same CORESETPoolIndex as the PDCCH triggering the aperiodic CSI-RS, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the other DL signal which is scheduled by a PDCCH associated with the same CORESETPoolIndex as the PDCCH triggering the aperiodic CSI-RS.
· Otherwise, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling the aperiodic CSI-RS, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling the aperiodic CSI-RS within the active BWP of the serving cell are monitored by the UE.
<Unchanged parts are omitted>


Proposal 6:
Adopt the following TP in TS38.214 section 5.1:
	5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged parts are omitted>
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, and the UE is expected to be activated one BWP per serving cell. When the UE is scheduled with multiple PDSCHs simultaneously at given symbols in a serving cell, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
<Unchanged parts are omitted>


Proposal 7:
· For TDM scheme A, the HARQ-ACK bit location in type-1 HARQ-ACK codebook is determined based on the 1st PDSCH reception occasion.
· Adopt the following TP in TS38.213 section 9.1.2.1:
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged parts are omitted>
For the set of slot timing values K1, the UE determines a set of MA,c occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases. When a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, and if two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’, a location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to two PDSCH reception occasions by a single DCI format is same as for the first PDSCH reception.
<Unchanged parts are omitted>


Proposal 8:
· For scheme 3 and scheme 4, when the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions, respectively. The mapping between default TCI states and PDSCH transmission occasions follows the mapping specified in Section 5.1.2.1 in TS 38.214.
· Adopt the following text proposal in TS38.214 section 5.1.5:
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states and 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 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 CORESET-ID 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. 
If the offset between the reception of the DL DCI and the corresponding PDSCH 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 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 a UE is configured by higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, if two TCI states are indicated by the DCI field 'Transmission Configuration Indication' , the first and second TCI states of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states are applied to the first and second PDSCH transmission occasions, respectively.
· When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 
· If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the first TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first PDSCH transmission occasions.
· When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping. 
· When CycMapping is enabled, the first and second TCI states of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
· When SeqMapping is enabled, first TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first and second PDSCH transmissions, and the second TCI state of the two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions.
<Unchanged parts are omitted>
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