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Introduction
In this contribution, we provide some discussion on remaining issues on multi-TRP enhancement including remaining details for single-DCI mode and multi-DCI mode.
Single DCI mode
TCI states and PDSCH repetition mapping
It has been agreed that when 2 CDM groups and 2 TCI states are indicated, they are 1-to-1 mapped, where the first TCI state corresponds to the first CDM group, and the second TCI state corresponds to the second CDM group. Further 1 CDM group can be indicated for FDM/TDM schemes. Currently for SDM schemes, there is no definition of CDM to TCI mapping when 3 CDM groups are indicated.
Proposal 1: Adopt the following TP for 38.214 to clarify that 3 CDM groups should not be allowed for multi-TRP operation.
	[bookmark: _Toc11352102][bookmark: _Toc20317992][bookmark: _Toc27299890][bookmark: _Toc29673155][bookmark: _Toc29673296][bookmark: _Toc29674289][bookmark: _Toc36645519][bookmark: _Toc45810564]5.1.6.2	DM-RS reception procedure
[bookmark: _Hlk508018029][bookmark: _Hlk508638941]<unrelated part omitted>
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 two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in the DCI field "Antenna Port(s)", 
-	the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group.
When a UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', UE shall not expect to be indicated with DM-RS port(s) within three CDM group in the DCI field "Antenna Port(s)".




Multi-DCI mode
Radio link monitoring impact

For multi-DCI mode, the maximum number of CORESETs has been increased from 3 to 5. However, for FR1, based on current 38.213, the maximum number of RS for RLM is 4 according to Table 1 below, where indicates the maximum number of RS configured for RLM.



Table 3-1:  and  as a function of maximum number  of SS/PBCH blocks per half frame
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Then it should be decided for multi-DCI mode, which CORESET(s) should be monitored. Although UE is configured in multi-DCI mode, some common control signaling should be transmitted from one TRP. Therefore, it seems necessary for UE to monitor the link quality for this TRP only. Thus, if the higher layer index is configured in CORESET(s), UE only need to monitor the CORESET(s) with one particular higher layer index.
Proposal 2: For multi-DCI mode, if higher layer index in a CORESET is configured, UE only needs to monitor the CORESET(s) with CORESETPoolIndex configured to be 0 for RLM.
· Adopt the following TP for 38.213.
	[bookmark: _Toc12021442][bookmark: _Toc20311554][bookmark: _Toc26719379][bookmark: _Toc29894810][bookmark: _Toc29899109][bookmark: _Toc29899527][bookmark: _Toc29917264]5	Radio link monitoring
<unrelated part 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: ] and Lmax = 8, 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 a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE selects the NRLM RS provided for active TCI states for PDCCH reception in CORESETs with CORESETPoolIndex equals to 0.


Default PDSCH beam when PDCCH is present
In 38.214 section 5.1.5, it is defined that the PDCCH should be with a higher priority than default PDSCH beam as follows:
“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).”


For multi-TRP operation, this priority rule should be defined for a TRP, i.e. CORESET-poolIndex. It is not reasonable for UE to apply a beam to receive PDCCH from a CORESET-poolIndex to receive both PDSCH from different TRPs. 
Proposal 3: The priority rule for PDCCH and default PDSCH beam should be defined per CORESET-poolIndex
· Adopt the following TP for 38.214.
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558]5.1.5	Antenna ports quasi co-location
<unchanged part omitted>
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk26289978]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. 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, where the PDCCH is from a CORESET with the same CORESETPoolIndex as the CORESET for the scheduling PDCCH, 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). 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.





General Issue for both single-DCI and multi-DCI mode
Default aperiodic CSI-RS beam
For multi-TRP operation, in single-DCI mode, the default PDSCH beam is based on the two TCI states corresponding to the lowest TCI codepoint, and in multi-DCI mode, the default PDSCH beam is based on the two TCI states corresponding to the lowest CORESET index among CORESETs that share the same CORESETPoolIndex. However, the default aperiodic CSI-RS beam is still based on Rel-15 behavior, which is the CORESET with lowest ID in latest slot. 
Thus, the UE may need to perform 3 different default beams to buffer data: 1 for default aperiodic CSI-RS beam, and 2 for default PDSCH beam. This would be hard to be implemented by UE. Therefore, the simple way is to apply the same default beam for both PDSCH and aperiodic CSI-RS.
Proposal 4: For multi-TRP operation, the default aperiodic CSI-RS beam should be the same as the default PDSCH beam, since UE is not able to use different default beams to buffer downlink signals.
· Adopt the following TP for 38.214.
	[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<unrelated part 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, the UE may receive the aperiodic CSI-RS with the QCL assumption 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 aperiodic CSI-RS, 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, and the UE is not set to ‘TDMSchemeA’ or no entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation, the UE may assume that the aperiodic CSI-RS 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.





Conclusion
In this contribution, we discussed the remaining issues for multi-TRP enhancement. Based on the discussion, the following proposals have been made:
Proposal 1: Adopt the following TP for 38.214 to clarify that 3 CDM groups should not be allowed for multi-TRP operation.
	5.1.6.2	DM-RS reception procedure
<unrelated part omitted>
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 two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in the DCI field "Antenna Port(s)", 
-	the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group.
When a UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', UE shall not expect to be indicated with DM-RS port(s) within three CDM group in the DCI field "Antenna Port(s)".




Proposal 2: For multi-DCI mode, if higher layer index in a CORESET is configured, UE only needs to monitor the CORESET(s) with CORESETPoolIndex configured to be 0 for RLM.
· Adopt the following TP for 38.213.
	5	Radio link monitoring
<unrelated part 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: ] and Lmax = 8, 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 a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE selects the NRLM RS provided for active TCI states for PDCCH reception in CORESETs with CORESETPoolIndex equals to 0.



Proposal 3: The priority rule for PDCCH and default PDSCH beam should be defined per CORESET-poolIndex
· Adopt the following TP for 38.214.
	5.1.5	Antenna ports quasi co-location
<unchanged part omitted>
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. 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, where the PDCCH is from a CORESET with the same CORESETPoolIndex as the CORESET for the scheduling PDCCH, 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). 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.




Proposal 4: For multi-TRP operation, the default aperiodic CSI-RS beam should be the same as the default PDSCH beam, since UE is not able to use different default beams to buffer downlink signals.
· Adopt the following TP for 38.214.
	5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<unrelated part 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, the UE may receive the aperiodic CSI-RS with the QCL assumption 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 aperiodic CSI-RS, 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, and the UE is not set to ‘TDMSchemeA’ or no entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation, the UE may assume that the aperiodic CSI-RS 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.
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