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Introduction
[bookmark: _Ref494215420]In this contribution, we will present our opinions on the remaining issues for multi-TRP operation in Rel-16.
Discussion
Multi-DCI based design
· Blind detection
For multi-DCI based multi-TRP transmission, current specification TS38.213 has specified that the first CORESET refers to the CORESETs without provided with CORESETPoolIndex or provided CORESETPoolIndex with a value of 0. In section 10, the CORESETs without CORESETPoolIndex are not included in the description of a second set of  serving cells. 
Proposal 1: Adopt text proposal (TP1) in 38.213.
----------------------------------------------Start of Proposal for TS38.213----------------------------------------
10	UE procedure for receiving control information
--------------------------------------------------Unchanged text omitted---------------------------------------------
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells, and
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK5][bookmark: OLE_LINK6] -	a second set of  serving cells where the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells
---------------------------------------------End of Proposal for TS38.213---------------------------------------------- 

In RAN1 98bis, there was one agreement about BD/CCEs as follows:
	Agreement
[bookmark: OLE_LINK135][bookmark: OLE_LINK136]If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.




[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In Rel-15, if the UE does not  report pdcch-BlindDetectionCA , the maximum number of configured downlink serving cells is 4 by default. For R16 multi-TRP case, even if the number of configured downlink serving cells , but we cannot ensure that   for the sake of R. The extreme case may happen that the maximum number of  is 8 when the UE reports  and the configured value of  and  are 0 and 4 respectively, which still satisfy the constraint of . Although gNB could avoid it to happen by reasonable configuration, we prefer to capture the agreement in the specification to make the spec clear.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 2: Adopt text proposal (TP2) in 38.213.
----------------------------------------------Start of Proposal for TS38.213----------------------------------------
[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574][bookmark: _Toc29917311][bookmark: _Toc36498185]10	UE procedure for receiving control information
---------------------------------------------------Unchanged text omitted-------------------------------------------
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not provided PDCCHMonitoringCapabilityConfig for any downlink cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all downlink cells where the UE monitors PDCCH, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates and for a maximum number of non-overlapped CCEs the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot that corresponds to [image: ] downlink cells, where
-	[image: ] is  if the UE does not provide pdcch-BlindDetectionCA where  is the number of configured downlink serving cells, and the UE does not expect   > 4
-	otherwise, [image: ] is the value of pdcch-BlindDetectionCA 
---------------------------------------------End of Proposal for TS38.213---------------------------------------------- 

Single-DCI based design
· Default TCI state for PDSCH
During last meeting, there were extensive discussions on default TCI state when the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL, and TCI field is not present in DCI. No consensus has reached. The major dispute is whether to support multiple TRP transmission when tci-PresentInDCI is not configured. In our understanding, given that semi-static multi-TRP operation configuration not reasonable, at least DCI format 1_0, which is one fallback DCI format, should not be used for multi-TRP transmission. In addition, if supporting DCI 1_0 for single DCI based multi-TRP transmission, more specification work should be done, e.g., DMRS port determination. 
Proposal 3: For single-DCI based multi-TRP transmission, not support DCI 1_0 for multi-TRP transmission.
Furthermore, In Rel-15, for the case where tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH, the default TCI state for DCI 1_1 is the same as DCI 1_0. It should be inherited here. In addition, semi-static multi-TRP operation is not preferred.
Proposal 4: If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH, not support multi-TRP transmission scheduled by PDCCH in the CORESET.
For single TRP case, when the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL, the default TCI state has been specified in Rel-15. 
Proposal 5: When the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL, and at least one TCI codepoint indicates two TCI states, follow Rel-15 default TCI state for the case when TCI field is not present in DCI.
Proposal 6: Adopt text proposal (TP3) in 38.214.
----------------------------------------------Start of Proposal for TS38.214 ------------------------------------
[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283]5.1.5	Antenna ports quasi co-location
--------------------------------------------Unchanged text omitted-----------------------------------------------
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest 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. If the offset between the reception of the DL DCI having TCI field present and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. If the PDSCH is scheduled by a DCI 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 and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) 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.
---------------------------------------------End of Proposal for TS38.214----------------------------------------------

· default TCI state for scheme 3 and scheme 4:
According to the E-mail discussion during RAN1 #100bis-e meeting, for single-DCI based multi-TRP case, the default TCI state for PDSCH in URLLC scheme 3 and 4 may include the following options:
· Alt1: The UE use the time offset between the DCI and each n-th PDSCH transmission occasion to determine the TCI-state for n-th PDSCH transmission occasion.
· If the time offset between the DCI and the n-th PDSCH transmission occasion is less than the threshold, the default TCI state is applied on the reception of n-th PDSCH transmission occasion.
· If the time offset between the DCI and the n-th PDSCH transmission occasion is greater than or equal to the threshold, the corresponding TCI state indicated in the TCI field is applied on the reception of n-th PDSCH transmission occasion.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alt2: When the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions, respectively. The mapping between default TCI states and PDSCH transmission occasions follows the mapping specified in Section 5.1.2.1 in TS 38.214.
· Alt3: For scheme 3 and 4, rel-15 default TCI state is applied.
For Alt3, it may loss the gain of multi-TRP transmission. For Alt1, it will bring more impact to spec compared with Alt2, the additional benefit of Alt1 is  not clear because gNB can ensure the performance by always configuring proper default TCI state for UE. Thus, we prefer Alt2，we suggest the default TCI states according to the slot for the first PDSCH occasion. 
Proposal 7: For single-DCI based multi-TRP case, the default TCI states for PDSCH in URLLC scheme 3 and scheme 4, support Alt2, and the default TCI states are based on the first PDSCH transmission occasion. 
Proposal 8: Adopt text proposal (TP4) in 38.214.
-------------------------------------------Start of Proposal for TS38.214 -------------------------------------------
5.1.5	Antenna ports quasi co-location
------------------------------------------------------Unchanged text omitted------------------------------------------
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk26289978]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest 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. If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· When a UE configured by the higher layer parameter RepSchemeEnabler set to 'FDMSchemeA' or 'FDMSchemeB', if the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)" or  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 assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. 
· When a UE configured by the higher layer parameter RepSchemeEnabler set to 'TDMSchemeA', if the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", 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. The assumed TCI states are applied across PDSCH occasions according to clause 5.1.2.1.
· When a UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation, the UE may expect to be indicated with one or two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNum16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)". 
· When two TCI states are indicated in a DCI with 'Transmission Configuration Indication' field, 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. The assumed TCI states should be based on the first PDSCH occasion and applied across PDSCH occasions according to clause 5.1.2.1 with the two default TCI states.
· When one TCI state is indicated in a DCI with 'Transmission Configuration Indication' field, 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. The assumed TCI state should be based on the scheduled PDSCH in the  first slot, and UE shall expect the same default TCI state across the slots with the scheduled PDSCH.
----------------------------------------------End of Proposal for TS38.214--------------------------------------------

Conclusion
In this contribution, we provide our opinions and text proposals as following:
Proposal 1: Adopt text proposal (TP1) in 38.213.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 2: Adopt text proposal (TP2) in 38.213.
Proposal 3: For single-DCI based multi-TRP transmission, not support DCI 1_0 for multi-TRP transmission.
Proposal 4: If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH, not support multi-TRP transmission scheduled by PDCCH in the CORESET.
Proposal 5: When the offset between the reception of the PDCCH  and the corresponding PDSCH is less than timeDurationForQCL, and at least one TCI codepoint indicates two TCI states, follow Rel-15 default TCI state for the case when TCI field is not present in DCI.
Proposal 6: Adopt text proposal (TP3) in 38.214.
Proposal 7: For single-DCI based multi-TRP case, the default TCI states for PDSCH in URLLC scheme 3 and scheme 4, support Alt2, and the default TCI states are based on the first PDSCH transmission occasion. 
Proposal 8: Adopt text proposal (TP4) in 38.214.
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