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Introductions
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings, some issues were resolved while other issues were either discussed but still with no consensus or deprioritized. This paper discusses some remaining issues and suggests text proposals on Rel-16 M-TRP.
Discussion on TCI States
During RAN1 #101-e [1], the default QCLs of PDSCH for Scheme 3 and Scheme 4 for single-PDCCH based multi-TRP system when the scheduling offset is less than timeDurationForQCL were agreed but with following two cases undiscussed:
tci-PresentInDCI is not configured
one TCI-state is indicated by the DCI
PDSCH of Scheme 2a/2b
Actually, many companies have recognized these issues as important ones and the specification would not be complete if there were no further agreements.
Besides, in RAN1 #100b-e there were some initial discussions on default QCL for AP CSI-RS when the scheduling offset of AP CSI-RS is less than beamSwitchTiming for both single-DCI-based and multi-DCI-based M-TRP.
In this section we would like to elaborate our views and provide our proposals on these issues.
Default QCL for PDSCH
[bookmark: _Hlk40446433][bookmark: _Hlk32596231]As depicted in [2], “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.” The common understanding is that when at least one TCI codepoint indicates two TCI states, the UE may buffer signals with two default TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. For Scheme 3 and Scheme 4, which one or two of the two default TCI states applied to the PDSCH reception by the UE shall depend on the decoding of the scheduling DCI because only after the successful decoding the UE is able to identify the transmission scheme. There may be several cases and more details of the default QCL(s) for PDSCH to be specified depending on DCI format and the transmission schemes.
[bookmark: _Hlk37368404]Default QCL when TCI field in DCI is not present
[bookmark: _Hlk37368461]The issue of default QCL assumption for PDSCH in single-PDCCH-based multi-TRP when tci-PresentInDCI is not configured, i.e., TCI field not present in the DCI, was addressed in [3] but no consensus was reached. Some companies think it can be up to UE implementation to select one of the two default TCI states which are from the TCI states of the lowest codepoint among the TCI codepoints containing two different TCI states. However, other companies have concerns on the UE complexity and performance if it is up to UE implementation because it will impact channel estimation by DMRS and PDSCH demodulation and decoding. To simplify the UE implementation and let both network and UE have same understanding of default QCL assumption when TCI field is not present in DCI, we have the following proposal.
[bookmark: _Hlk32596263][bookmark: _Hlk40446900]When at least one TCI codepoint indicates two TCI states, if the PDSCH is scheduled by a DCI format not having the TCI field present, and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE assumes that the default TCI state of the PDSCH is the first one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Default QCL when indicating one TCI state
It was discussed in [3] that default QCL assumption for PDSCH in single-PDCCH based multi-TRP when the PDSCH is indicated with one TCI state by the scheduling DCI but no consensus was reached either. Same arguments as those in the case of TCI field not present in the DCI were raised. In our view, when at least one TCI codepoint indicates two TCI states, the UE may buffer signals with two default TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, so that the UE can select either one of the two buffered signals. If the indicated TCI state of the PDSCH happens to be one of the two default TCI states, UE select the buffered signal with the TCI state identical to the indicated TCI states would require no cost or complexity while following the desired TCI state as the indication. Therefore, we have following proposal for this case.
[bookmark: _Hlk40448825][bookmark: _Hlk37368494]When at least one TCI codepoint indicates two TCI states, if the PDSCH is indicated with one TCI state by the scheduling DCI, and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL if applicable,
[bookmark: _Hlk40448925]If the indicated TCI state of the PDSCH is one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE assumes that the default TCI state of PDSCH is the indicated TCI state.
Otherwise, the UE assumes that the default TCI state of PDSCH is the first one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Default QCL for Scheme 2a/2b
In Scheme 2a/2b, comb-like frequency resource allocation between two TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. The abovementioned TCI state 1 and 2 are the two TCI states indicated by DCI. If the offset between the reception of the DL DCI and scheduled PDSCH of Scheme 2a/2b are less than the threshold timeDurationForQCL, although the UE has buffered signals with two default TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, it is desired to specify the mapping between the two default TCI states and the allocated frequency resources to different TRPs for the sake of low UE implementation complexity and aligned network and UE assumption on the default TCI state, just like Scheme 3 and Scheme 4. Therefore, we have following proposal:
For default TCI-states for PDSCH of Scheme 2a/2b, when the time offset between the DCI and the PDSCH is less than the threshold, the mapping between two default TCI states and frequency resources of PDSCH follows the mapping specified for indicated TCI states in Section 5.1.2.3 in TS 38.214.
[bookmark: _Hlk40260804]Default QCL for aperiodic CSI-RS
Current specification on default QCL for aperiodic CSI-RS doesn’t work for M-TRP operation. For both single-PDCCH-based and multi-PDCCH-based M-TRP, the default QCL for aperiodic CSI-RS may follow the default QCL for PDSCH if there is not any other DL signal with an indicated TCI state in the same symbols as the CSI-RS.
Default QCL for aperiodic CSI-RS for single-PDCCH based M-TRP
During RAN1 #100b-e, the following proposal were raised in the email discussion to handle the issues related with single-DCI based M-TRP [100b-e-NR-eMIMO-multiTRP-03].
For AP CSI-RS in single-PDCCH based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
If there is any known other DL signal with indicated TCI-states in the same symbols as AP CSI-RS,
· the UE applies the QCL-TypeD(s) of the TCI-state(s) of the known DL signal to buffer the symbols of the AP CS-RS.
· Option 1: After buffering and finishing DCI decoding, the UE can measure the CSI on the AP CSI-RS as follows:
· When other DL signal refers to PDSCH scheduled with two TCI states, the UE use the AP CSI-RS buffered with QCL-TypeD of the first TCI-states of the other signal to measure CSI.
· When the other DL signal is indicated with one TCI-states, the UE uses the buffered AP CSI-RS to measure CSI.
· Option 2: After buffering and finishing DCI decoding, when other DL signal refers to PDSCH scheduled with one or two TCI states, the UE can measure the CSI on the AP CSI-RS as follows:
· [bookmark: _Hlk40445093]if the indicated TCI-state of the AP CSI-RS is same as one of the one or two TCI states of the PDSCH, 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.
· otherwise, the UE use the AP CSI-RS buffered with the QCL-TypeD of the first default to measure the CSI.
If there is no known DL signal with indicated TCI-states on the 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.
· After buffering and finishing DCI decoding, the UE can measure the CSI on the AP CSI-RS as follows:
· Option 1: The UE use the AP CSI-RS buffered with the QCL-typeD of the first TCI-state to measure CSI.
· Option 2:
· If the indicated TCI-state of the AP CSI-RS is same to one of the two default TCI-states, 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 indicated TCI-state of the AP CSI-RS is not same to any one of the two default TCI-states, the UE use the AP CSI-RS buffered with the QCL-TypeD of the first default to measure the CSI.
Our preference is Option 2 for both cases which means the indicated TCI state of the AP CSI-RS is applied if it is same as one of the one or two TCI states of PDSCH when there is other PDSCH(s) and if it is same as one of the one or two default TCI states when there is no other DL signal. The intent of applying the indicated TCI state is that the network may try to transmit the AP CSI-RS with the TCI state by following its scheduling will and would leave no additional effort for UE.
For AP CSI-RS in single-PDCCH based M-TRP system, when the scheduling offset of AP CSI-RS is less than beamSwitchTiming
If there is any known other DL signal with indicated TCI-states in the same symbols as AP CSI-RS,
· The UE applies the QCL-TypeD(s) of the TCI-state(s) of the known DL signal to buffer the symbols of the AP CS-RS.
· After buffering and finishing DCI decoding, when other DL signal refers to PDSCH scheduled with one or two TCI states, the UE can measure the CSI on the AP CSI-RS as follows:
· If the indicated TCI state of the AP CSI-RS is same as one of the one or two TCI states of the PDSCH, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the indicated TCI state to measure the CSI.
· Otherwise, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.
If there is no known DL signal with indicated TCI-states on the symbols of AP CSI-RS,
· The UE applies 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.
· After buffering and finishing DCI decoding, the UE can measure the CSI on the AP CSI-RS as follows:
· If the indicated TCI state of the AP CSI-RS is same as one of the two default TCI states, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the TCI-state that is same as the indicated TCI state to measure the CSI.
· Otherwise, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.

Default QCL for aperiodic CSI-RS for multi-PDCCH based M-TRP
There was also an email discussion to handle the issues related with multi-DCI based M-TRP [100b-e-NR-eMIMO-multiTRP-02]. To make it simple, companies would like to discuss the case of no other signal and the case of the other DL signal being PDSCH first where one can associate the AP CSI-RS and PDSCH via CORESETPoolIndex. Our proposal is as follows.
In multi-PDCCH based M-TRP, when the scheduling offset of AP CSI-RS is less than beamSwitchTiming and if there is no any other known DL signal or there is PDSCH,
If the UE supports the feature of default QCL assumption per CORESETPoolIndex: 
· If there is one PDSCH in the same symbols as the AP CSI-RS and the PDSCH is associated with the same CORESETPoolIndex value as that of the PDCCH triggering the AP CSI-RS, the UE applies the QCL assumption of the PDSCH when receiving the AP CSI-RS.
· Otherwise, the UE applies the QCL assumption used for the 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 in which one or more CORESETs within the active BWP of the serving cell are monitored.
If the UE does not support the feature of default QCL assumption per CORESETPoolIndex, Rel-15 behavior is reused regardless of CORESETPoolIndex.

PDSCH default QCL for cross-carrier scheduling
For non-CA case, the default QCL(s) of a scheduled PDSCH depends on the maximum number of TCI states mapped to a codepoint in the MAC CE activation command, or the configured number of CORESETPoolIndexes, supporting both single-TRP and multi-TRP cases. However, for cross-carrier scheduling, the default QCL for a PDSCH follows the activated TCI state with the lowest ID in the active BWP which was obviously specified for single TRP. To align with non-CA, following default QCL determination can be applied to the cross-carrier scheduling for both single-PDCCH-based and multi-PDCCH-based M-TRP cases for cross carrier scheduling. 
For both the cases, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present,
If two different values of CORESETPoolIndex are configured, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH corresponding to the CORESETPoolIndex, which is same as the CORESETPoolIndex of PDCCH scheduling that PDSCH in the active BWP of the scheduled cell.
If 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 obtains its QCL assumption for the scheduled PDSCH from the activated TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states applicable to PDSCH in the active BWP of the scheduled cell.

For M-TRP in cross carrier scheduling, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present,
If two different values of CORESETPoolIndex are configured, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH corresponding to the CORESETPoolIndex, which is same as the CORESETPoolIndex of PDCCH scheduling that PDSCH in the active BWP of the scheduled cell.
If 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 obtains its QCL assumption for the scheduled PDSCH from the activated TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states applicable to PDSCH in the active BWP of the scheduled cell.
Default QCL for DCI format 1-2
DCI format 1-2 introduced in Rel-16 would not affect any DCI indication functions so that the default QCL assumption for MTRP should also be applied to DCI format 1-2.
Default QCL assumption for MTRP should be applied to DCI format 1-2 as well and adopt the following text proposal.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
[bookmark: _Hlk26289978]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 different ControlResourceSets,, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, or tci-PresentInDCI-ForFormat1_2 is configured or not, 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.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



TCI states for single-TRP based inter-slot PDSCH repetition
Besides Scheme 4, Rel-16 also supported Scheme 4-like inter-slot PDSCH transmission with dynamic repetition number indication from the same TRP. As agreed in [4], a UE would receive multiple slot level PDSCH transmission occasions of the same TB with one TCI state used across multiple PDSCH transmission occasions in the repetitionNumber-r16 consecutive slots, when it is indicated one TCI state, DM-RS port(s) within one CDM group and one entry in pdsch-TimeDomainAllocationList containing repetitionNumber-r16 (>1) in TDRA by DCI regardless RepSchemeEnabler is configured or not. The text for TCI states application in [2] should capture this case as well.
Adopt following text proposal in clause 5.1.5 of TS 38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
When the UE is configured or indicated with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



Multi-PDCCH Based Multi-TRP
PUCCH for HARQ-ACK feedback and other UCIs
1. 
1.1. 
In RAN1 #98bis [5], PUCCH/PUSCH collision between different TRPs is avoided by implementation when separate HARQ-ACK feedback is enabled.
	Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 



As stated in [6], a HARQ-ACK information reporting is associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information by the UE. And a UE configured with separate HARQ-ACK feedback does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs.
For M-TRP operation, it may be required to transmit PUCCH for CSI, SR or LRR. However, it is not clear the association between the CORESETPoolIndex and a PUCCH for P/SP-CSI, SR or LRR. Thus, we prefer to clarify the corresponding behavior when a PUCCH for CSI, SR or LRR collides with PUCCH for HARQ-ACK. Considering the above agreements, some restriction can be addressed as follows:
A UE doesn’t expect a PUCCH for CSI/SR/LRR overlap with more than one PUCCH for HARQ-ACK.
If a PUCCH with HARQ-ACK overlaps with a PUCCH with CSI/SR/LRR information, the UE shall apply the procedures specified in Rel-15.
Adopt following text proposal in section 9 of TS 38.213.
	------------------------------------------Start of Text Proposal ----------------------------------
9	UE procedure for reporting control information
< Unchanged parts are omitted >
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = SeparateFeedback
the UE shall separately apply the procedures described in Clauses 9.1 and 9.2.3 for reporting HARQ-ACK information associated with the first CORESETs on active DL BWP of the serving cells and for reporting HARQ-ACK information associated with the second CORESETs on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information by the UE. 
If a PUCCH with HARQ-ACK overlaps with a PUCCH with CSI/SR/LRR information, the UE shall apply the procedures described in Clause 9.2. A UE doesn’t expect a PUCCH with CSI/SR/LRR information overlap with more than one PUCCH with HARQ-ACK information.
< Unchanged parts are omitted >
[bookmark: _Ref496994961][bookmark: _Toc12021475][bookmark: _Toc20311587][bookmark: _Toc26719412][bookmark: _Toc29894847][bookmark: _Toc29899146][bookmark: _Toc29899564][bookmark: _Toc29917301]--------------------------------------- End of Text Proposal ------------------------------------



Support of sub-slot HARQ-ACK feedback for M-TRP
Sub-slot-based HARQ-ACK feedback was agreed in RAN1 #96bis [7].
	Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· [bookmark: _Hlk32587815]A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.



The following agreements were achieved in RAN1 #98 on separate HARQ-ACK feedback [8].
	Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP



However, the first sentence in [6] “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot” is not the case for a UE configured with separate HARQ-ACK feedback in multi-PDCCH-based M-TRP. To reflect the agreement in M-TRP session, we have following proposal in which no more than one PUCCH with HARQ-ACK are expected in the cases of “otherwise”, including the case that the UE is either not configured with separate HARQ-ACK feedback or sub-slot.
[bookmark: _Hlk47520515]Adopt following text proposal in clause 9.2 and 9.2.3 of TS 38.213.
	------------------------------------------Start of Text Proposal ----------------------------------
9.2	UCI reporting in physical uplink control channel
UCI types reported in a PUCCH include HARQ-ACK information, SR, LRR, and CSI. UCI bits include HARQ-ACK information bits, if any, SR information bits, if any, LRR information bit, if any, and CSI bits, if any. The HARQ-ACK information bits correspond to a HARQ-ACK codebook as described in Clause 9.1. For the remaining of this clause, any reference to SR is applicable for SR and/or for LRR.
A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot. When the UE transmits two PUCCHs in a slot and the UE is not provided ACKNACKFeedbackMode = SeparateFeedback, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
If a UE is provided ACKNACKFeedbackMode = SeparateFeedback, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot.
In Clauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a number of respective UCI bits is larger than or equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as described in [5, TS 38.212].
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304]< Unchanged parts are omitted >
9.2.3	UE procedure for reporting HARQ-ACK
If a UE is provided ACKNACKFeedbackMode = SeparateFeedback and it is not provided subslotLength-ForPUCCH, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot. Otherwise, aA UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



PDSCH overlapping with PDCCH from different TRP
In current spec [2], it is clearly stated the UE behaviour when the PDSCH overlaps with its scheduling PDCCH: “If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH.”
[bookmark: _Hlk47544416]However, “when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
-	For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.”
It implies that the PDSCH scheduled by a PDCCH from one TRP may overlap with another PDCCH from different TRP. Meanwhile, “a UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH”, which includes the PDCCH associated with any CORESETPoolIndex in our understanding. To avoid the unclear UE behavior to deal with such cases, we propose to limit the 
Conclude in RAN1 #102e that UE does not expect to be scheduled a PDSCH overlapping with a PDCCH associated to CORESET having different CORESETPoolIndex from the scheduling PDCCH.
Miscellaneous
There are a number of places in [2] and [9] to be updated with the up-to-date name of RRC parameters:
Change all “RepNumR16” to “repetitionNumber-r16” in [2].
Change all “RepSchemeEnabler” to “repetitionScheme-r16” in [2].
Change “AdditionaldataScramblingIdentityPDSCH” to “dataScramblingIdentityPDSCH2” in [9].


Change all “RepNumR16” to “repetitionNumber-r16” in TS38.214.
Change all “RepSchemeEnabler” to “repetitionScheme-r16” in TS38.214.
Change “AdditionaldataScramblingIdentityPDSCH” to “dataScramblingIdentityPDSCH2” in TS38.211.

Conclusion
We have following proposals regarding to Rel-16 M-TRP.
1. When at least one TCI codepoint indicates two TCI states, if the PDSCH is scheduled by a DCI format not having the TCI field present, and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE assumes that the default TCI state of the PDSCH is the first one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
When at least one TCI codepoint indicates two TCI states, if the PDSCH is indicated with one TCI state by the scheduling DCI, and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL if applicable,
If the indicated TCI state of the PDSCH is one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE assumes that the default TCI state of PDSCH is the indicated TCI state.
Otherwise, the UE assumes that the default TCI state of PDSCH is the first one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.


For default TCI-states for PDSCH of Scheme 2a/2b, when the time offset between the DCI and the PDSCH is less than the threshold, the mapping between two default TCI states and frequency resources of PDSCH follows the mapping specified for indicated TCI states in Section 5.1.2.3 in TS 38.214.
For AP CSI-RS in single-PDCCH based M-TRP system, when the scheduling offset of AP CSI-RS is less than beamSwitchTiming
If there is any known other DL signal with indicated TCI-states in the same symbols as AP CSI-RS,
· The UE applies the QCL-TypeD(s) of the TCI-state(s) of the known DL signal to buffer the symbols of the AP CS-RS.
· After buffering and finishing DCI decoding, when other DL signal refers to PDSCH scheduled with one or two TCI states, the UE can measure the CSI on the AP CSI-RS as follows:
· If the indicated TCI state of the AP CSI-RS is same as one of the one or two TCI states of the PDSCH, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the indicated TCI state to measure the CSI.
· Otherwise, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.
If there is no known DL signal with indicated TCI-states on the symbols of AP CSI-RS,
· The UE applies 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.
· After buffering and finishing DCI decoding, the UE can measure the CSI on the AP CSI-RS as follows:
· If the indicated TCI state of the AP CSI-RS is same as one of the two default TCI states, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the TCI-state that is same as the indicated TCI state to measure the CSI.
· Otherwise, the UE uses the AP CSI-RS buffered with the QCL-TypeD of the first default TCI state to measure the CSI.

In multi-PDCCH based M-TRP, when the scheduling offset of AP CSI-RS is less than beamSwitchTiming and if there is no any other known DL signal or there is PDSCH,
If the UE supports the feature of default QCL assumption per CORESETPoolIndex: 
· If there is one PDSCH in the same symbols as the AP CSI-RS and the PDSCH is associated with the same CORESETPoolIndex value as that of the PDCCH triggering the AP CSI-RS, the UE applies the QCL assumption of the PDSCH when receiving the AP CSI-RS.
· Otherwise, the UE applies the QCL assumption used for the 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 in which one or more CORESETs within the active BWP of the serving cell are monitored.
If the UE does not support the feature of default QCL assumption per CORESETPoolIndex, Rel-15 behavior is reused regardless of CORESETPoolIndex.


For M-TRP in cross carrier scheduling, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and when the DL DCI does not have the TCI field present,
If two different values of CORESETPoolIndex are configured, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH corresponding to the CORESETPoolIndex, which is same as the CORESETPoolIndex of PDCCH scheduling that PDSCH in the active BWP of the scheduled cell.
If 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 obtains its QCL assumption for the scheduled PDSCH from the activated TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states applicable to PDSCH in the active BWP of the scheduled cell.

Default QCL assumption for MTRP should be applied to DCI format 1-2 as well and adopt the following text proposal.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
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 different ControlResourceSets,, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, or tci-PresentInDCI-ForFormat1_2 is configured or not, 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.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Adopt following text proposal in clause 5.1.5 of TS 38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
When the UE is configured or indicated with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



Adopt following text proposal in section 9 of TS 38.213.
	------------------------------------------Start of Text Proposal ----------------------------------
9	UE procedure for reporting control information
< Unchanged parts are omitted >
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = SeparateFeedback
the UE shall separately apply the procedures described in Clauses 9.1 and 9.2.3 for reporting HARQ-ACK information associated with the first CORESETs on active DL BWP of the serving cells and for reporting HARQ-ACK information associated with the second CORESETs on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information by the UE. 
If a PUCCH with HARQ-ACK overlaps with a PUCCH with CSI/SR/LRR information, the UE shall apply the procedures described in Clause 9.2. A UE doesn’t expect a PUCCH with CSI/SR/LRR information overlap with more than one PUCCH with HARQ-ACK information.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



Adopt following text proposal in clause 9.2 and 9.2.3 of TS 38.213.
	------------------------------------------Start of Text Proposal ----------------------------------
9.2	UCI reporting in physical uplink control channel
UCI types reported in a PUCCH include HARQ-ACK information, SR, LRR, and CSI. UCI bits include HARQ-ACK information bits, if any, SR information bits, if any, LRR information bit, if any, and CSI bits, if any. The HARQ-ACK information bits correspond to a HARQ-ACK codebook as described in Clause 9.1. For the remaining of this clause, any reference to SR is applicable for SR and/or for LRR.
A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot. When the UE transmits two PUCCHs in a slot and the UE is not provided ACKNACKFeedbackMode = SeparateFeedback, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
If a UE is provided ACKNACKFeedbackMode = SeparateFeedback, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot.
In Clauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a number of respective UCI bits is larger than or equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as described in [5, TS 38.212].
< Unchanged parts are omitted >
9.2.3	UE procedure for reporting HARQ-ACK
If a UE is provided ACKNACKFeedbackMode = SeparateFeedback and it is not provided subslotLength-ForPUCCH, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot. Otherwise, aA UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



Conclude in RAN1 #102e that UE does not expect to be scheduled a PDSCH overlapping with a PDCCH associated to CORESET having different CORESETPoolIndex from the scheduling PDCCH.

Change all “RepNumR16” to “repetitionNumber-r16” in TS38.214.
Change all “RepSchemeEnabler” to “repetitionScheme-r16” in TS38.214.
Change “AdditionaldataScramblingIdentityPDSCH” to “dataScramblingIdentityPDSCH2” in TS38.211.
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