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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
PT-RS enhancement
In last meeting, 2 PT-RS ports have been agreed for single-DCI mode. For power boosting of PT-RS, when 2 PT-RS ports are configured, the EPRE ratio should be configured to be based on the number of layers corresponding to the associated TCI state. The Table 2-2 below defined in 38.214 could be reused, where the number of PDSCH layers should be the number of PDSCH layers associated with the TCI state corresponding to the PT-RS port.

Table 2-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved



Proposal 1: For PT-RS power boosting, the EPRE ratio should be configured to be based on the number of PDSCH layers corresponding to the TCI state associated with the PT-RS port. 
· Adopt the following TP for 38.214
	[bookmark: _Toc11352078][bookmark: _Toc20317968][bookmark: _Toc27299866][bookmark: _Toc29673131][bookmark: _Toc29673272][bookmark: _Toc29674265]4.1	Power allocation for downlink 
<unrelated part omitted>

When the UE is scheduled with a PT-RS port associated with the PDSCH, 



-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for PT-RS port () is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.
When the UE is scheduled with two PT-RS ports associated with the PDSCH, 
-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of EPRE for a PT-RS port () to PDSCH EPRE per layer per RE within its associated PDSCH layers is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved






TDM scheme assumption
For TDM Scheme A, gNB can apply two different beams in different repetitions within a slot. For TDM Scheme B (URLLC Scheme 4), gNB can apply two different beams in different repetitions across slots. Both would require gNB to activates two TCI states pointing to a TCI codepoint in DCI by MAC CE. But it is defined that for FR2, when scheduling offset is below a threshold, UE should apply two TCI states to receive PDSCH simultaneously. This is not aligned with the TDM schemes’ assumption. Therefore, the two TCI states to buffer PDSCH should only be applicable for FDM/SDM schemes. For TDM schemes, UE can use Rel-15 default PDSCH beam.

Proposal 2: The Rel-16 default PDSCH beam should not be applicable for TDM schemes.
· Adopt the following TP for 38.214

	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283]5.1.5	Antenna ports quasi co-location
<unrelated 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 all the TCI codepoints are mapped to a single TCI state 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, 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 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.




Simultaneous configuration of mode 4 and Rel-15 PDSCH aggregation 
In the current specification, there are 2 possible ways to perform inter-slot PDSCH slot aggregation 
· Rel-15 PDSCH repetition, i.e. semi-Statically configured by RRC parameter pdsch-AggregationFactor
· Rel-16 Single-DCI based Multi-TRP operation mode 4, i.e. dynamically configured by DCI indicating TDRA (Time Domain Resource Allocation) that contains RepNum16

In the RAN1#100 meeting, during the Type-I HARQ-ACK codebook generation discussion, it was already precluded the scenario that both schemes can be simultaneously configured from the HARQ-ACK codebook generation perspective. Therefore, we have the following proposal and proposed TP

Proposal 3: The UE is not expected to be configured with pdsch-AggregationFactor when the UE is configured with RepNumR16 in at least one entry in pdsch-TimeDomainAllocationList
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

The UE is not expected to be configured with pdsch-AggregationFactor when the UE is configured with RepNumR16 in at least one entry in pdsch-TimeDomainAllocationList



Simultaneous configuration of mode 3 (TDMSchemeA) and mode 4
In the current specification, our view is that it is still possible to configure mode 3 (TDMSchemeA) and mode 4 simultaneously 
· Mode 3 (TDMSchemeA) is activated by 
· RRC parameter RepSchemeEnabler is configured with TDMSchemeA
· Antenna port(s) indicated in DCI contains 1 CDM groups
· Mode 4, inter-slot PDSCH repetition, is activated by 
· TDRA indicated in DCI contains RepNum16 
· Antenna port(s) indicated in DCI contains 1 CDM 

It is desirable to reduce the possibility of simultaneous configuration as much as possible. Therefore, we have the following proposal and proposed TP

Proposal 4: UE is not expected to be configured with RepSchemeEnabler if the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

UE is not expected to be configured with RepSchemeEnabler if the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation



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
	

	

	


	4
	2
	2

	8
	6
	4

	64
	8
	8



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 5: 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.


UL power control
It was agreed that out-of-order scheduling (OOS) PDSCH/PUSCH/HARQ-ACK is supported as an optional feature. However, if OOS is applied, and the PUSCH/PUCCH are from the same closed-loop power control process. How to determine the closed-loop power control behavior could be one issue, as shown in Figure 1. When accumulative closed-loop power control is configured, if the PUSCH/PUCCH is scheduled based on OOS and the same closed-loop power control process is applied, there could be the following two issues:
· Issue #1: For PUSCH/PUCCH transmission occasion K, whether the TPC command in PDCCH K-1 should be taken into account.
· Issue #2: For PUSCH/PUCCH transmission occasion K-1, whether the TPC command in PDCCH K should be taken into account.
[image: ]
Figure 1: Potential Issues for Closed-Loop Power Control
To avoid such complicated scenario, one simple way is to configure the PUSCH/PUCCH associated with different CORESET-poolIndex to be configured with different closed-loop process index. 
Proposal 6: The PUSCH/PUCCH associated with different CORESET-poolIndex should be configured with different closed-loop power control process index.
· Adopt the following TP for 38.213
	[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270]7.1.1	UE behaviour
<unrelated part omitted>

-	[image: ] if the UE is configured with twoPUSCH-PC-AdjustmentStates and [image: ] if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
-	UE shall expect different value of l is configured for PUSCH associated with different CORESETPoolIndex
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [image: ] is provided to the UE by powerControlLoopToUse
<unrelated part omitted>
7.2.1	UE behaviour
<unrelated part omitted>

-	[image: ] is a TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ] or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 36.212], as described in Clause 11.3
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo. UE shall expect different value of l is configured for PUSCH associated with different CORESETPoolIndex.



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 7: 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.



Simultaneous Single-DCI and Multi-DCI configuration
Currently, it is possible for NW to configure Single-DCI and Multi-DCI Multi-TRP operation simultaneously since they are characterized differently
· Multi-DCI mode is activated by configured CORESET with CORESETPoolIndex, i.e. “at least one CORESET is configured without CORESETPoolIndex or with CORESETPoolIndex = 0 and at least another CORESET is configured with CORESETPoolIndex = 1”
· Single-DCI mode is activated, under most scenarios, by MAC-CE to activate at least one TCI codepoint with two TCI states.
We think that simultaneous Single-DCI and Multi-DCI configuration should be avoided, therefore, we have the following proposal and proposed TP. 
Proposal 8: For multi-TRP operation, the UE is not expected to be configured to operate in Single-DCI and Multi-DCI operation simultaneously
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<unrelated part omitted>

[bookmark: _Hlk23074489]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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

When a UE is configured with at least one CORESET without CORESETPoolIndex or with CORESETPoolIndex = 0 and at least another CORESET with CORESETPoolIndex = 1,
· The UE is not expected to have any codepoint of DCI field ‘Transmission Configuration Indication’ to be mapped to two TCI states 
· The UE is not expected to be configured with RepSchemeEnabler 
· The UE is not expected to be configured with any entry in pdsch-TimeDomainAllocationList that contains RepNumR16



UE Feature
We have the following proposals related to UE feature on multi-TRP enhancement.

FG 16-2a: Multi-DCI based multi-TRP
Basic components
· Component 4/5/6, i.e., OOO PDSCH/HARQ-ACK/PUSCH cannot be the basic components which is violating the existing agreement. It was already agreed that OOO PDSCH/HARQ-ACK/PUSCH is optional feature for UE that supports Multi-DCI based Multi-TRP operation. Therefore, component 4/5/6 has to be moved to optional components  

Optional components
· Component 1: We first need a top feature which is whether UE supports CRS rate matching for Multi-DCI based Multi-TRP operation. Then it was agreed that supporting the union of CRS rate matching patterns from both TRPs is mandatory, but supporting individual CRS rate matching per TRP is optional. Therefore, we suggest the change 
· Support of CRS rate matching for Multi-DCI based Multi-TRP operation. “Joint” is mandatory for UE that supports Multi-DCI based Multi-TRP CRS rate matching, but “Separate” is optional 
· Joint: UE rate match around the union of CRS from both TRPs 
· Separate: UE rate match around configured CRS patterns which is associated with CORESETPoolIndex (if not configured, CORESETPoolIndex=0) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
· Component 3: Some format issue here, “Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping types in time and frequency domain)” should be a separate component
· Component 6, we can split into the following 3 cases 
· Two TDMed long PUCCHs within a slot 
· TDMed short PUCCH and long PUCCH within a slot 
· TDMed short PUCCH and short PUCCH within a slot 
· We propose to add one component to report whether UE can support a single closed-loop power control process for PUCCH/PUSCH associated with different CORESETPoolIndex
· We think one possible implementation for multi-DCI based operation is to use CA-like architecture. So the easy one is to configure separate closed-loop power control processes to PUCCH/PUSCH associated with different CORESETPoolIndex. 

Proposal 9: For UE feature group 16-2a, support the following changes:
· Move Component 4/5/6, i.e., OOO PDSCH/HARQ-ACK/PUSCH to optional components, which are aligned with current agreement.
· For Component 1, supporting individual CRS rate matching per TRP should be optional
· For Component 3, “Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping types in time and frequency domain)” should be a separate component
· Component 6, we can split into the following 3 cases 
· Two TDMed long PUCCHs within a slot 
· TDMed short PUCCH and long PUCCH within a slot 
· TDMed short PUCCH and short PUCCH within a slot 
· We propose to add one component to report whether UE can support a single closed-loop power control process for PUCCH/PUSCH associated with different CORESETPoolIndex

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: For PT-RS power boosting, the EPRE ratio should be configured to be based on the number of PDSCH layers corresponding to the TCI state associated with the PT-RS port. 
· Adopt the following TP for 38.214
	4.1	Power allocation for downlink 
<unrelated part omitted>

When the UE is scheduled with a PT-RS port associated with the PDSCH, 



-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for PT-RS port () is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.
When the UE is scheduled with two PT-RS ports associated with the PDSCH, 
-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of EPRE for a PT-RS port () to PDSCH EPRE per layer per RE within its associated PDSCH layers is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved






Proposal 2: The Rel-16 default PDSCH beam should not be applicable for TDM schemes.
· Adopt the following TP for 38.214

	5.1.5	Antenna ports quasi co-location
<unrelated part omitted>

Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state 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, 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 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.





Proposal 3: The UE is not expected to be configured with pdsch-AggregationFactor when the UE is configured with RepNumR16 in at least one entry in pdsch-TimeDomainAllocationList
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

The UE is not expected to be configured with pdsch-AggregationFactor when the UE is configured with RepNumR16 in at least one entry in pdsch-TimeDomainAllocationList



Proposal 4: UE is not expected to be configured with RepSchemeEnabler if the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

UE is not expected to be configured with RepSchemeEnabler if the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation



Proposal 5: 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 6: The PUSCH/PUCCH associated with different CORESET-poolIndex should be configured with different closed-loop power control process index.
· Adopt the following TP for 38.213
	7.1.1	UE behaviour
<unrelated part omitted>

-	[image: ] if the UE is configured with twoPUSCH-PC-AdjustmentStates and [image: ] if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
-	UE shall expect different value of l is configured for PUSCH associated with different CORESETPoolIndex
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [image: ] is provided to the UE by powerControlLoopToUse
<unrelated part omitted>
7.2.1	UE behaviour
<unrelated part omitted>

-	[image: ] is a TPC command value and is included in a DCI format 1_0 or DCI format 1_1 for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ] or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 36.212], as described in Clause 11.3
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo. UE shall expect different value of l is configured for PUSCH associated with different CORESETPoolIndex.



Proposal 7: 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.



Proposal 8: For multi-TRP operation, the UE is not expected to be configured to operate in Single-DCI and Multi-DCI operation simultaneously
· Adopt the following TP for 38.214.
	5.1	UE procedure for receiving the physical downlink shared channel
<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 UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 

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. 

When a UE is configured with at least one CORESET without CORESETPoolIndex or with CORESETPoolIndex = 0 and at least another CORESET with CORESETPoolIndex = 1,
· The UE is not expected to have any codepoint of DCI field ‘Transmission Configuration Indication’ to be mapped to two TCI states 
· The UE is not expected to be configured with RepSchemeEnabler 
· The UE is not expected to be configured with any entry in pdsch-TimeDomainAllocationList that contains RepNumR16



Proposal 9: For UE feature group 16-2a, support the following changes:
· Move Component 4/5/6, i.e., OOO PDSCH/HARQ-ACK/PUSCH to optional components, which are aligned with current agreement.
· For Component 1, supporting individual CRS rate matching per TRP should be optional
· For Component 3, “Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping types in time and frequency domain)” should be a separate component
· Component 6, we can split into the following 3 cases 
· Two TDMed long PUCCHs within a slot 
· TDMed short PUCCH and long PUCCH within a slot 
· TDMed short PUCCH and short PUCCH within a slot 
· We propose to add one component to report whether UE can support a single closed-loop power control process for PUCCH/PUSCH associated with different CORESETPoolIndex

Reference
[1] 3GPP TS 38.214 v16.1.0
[2] 3GPP TS 38.213 v16.1.0
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