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Introductions
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings, some issues on default QCL for some cases for MTRP were resolved leaving other cases untouched. This paper discusses default QCL issues for other cases issues and suggests text proposals on Rel-16 M-TRP.
Discussions and corrections on TCI States
In previous meetings [1][2], there was agreement 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, and 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. Similarly, there are some other cases where more details of the default QCL(s) for PDSCH need to be specified depending on DCI format and the transmission schemes. Many companies have recognized these issues as important ones and the specification would not be complete if there were no further agreements.
In this section we would like to elaborate our views and provide our proposals on these issues.
Default QCL for PDSCH
As depicted in [3], “Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-		…
[bookmark: _Hlk40446433][bookmark: _Hlk55126218][bookmark: _Hlk54797144]-	If a UE is configured with enableTwoDefaultTCI-States, 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 set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, 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 based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states 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)”
[bookmark: _Hlk32596231]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, the mapping 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. Still, the applying default TCI state(s) of following cases should also be discussed:
tci-PresentInDCI is not configured
one TCI-state is indicated by the DCI
PDSCH of Scheme 2a/2b

[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 [4] 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 [4] 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 or PDSCH transmission occasions is the indicated TCI state.
Otherwise, the UE assumes that the default TCI state of PDSCH or PDSCH transmission occasions 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.

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 values of CORESETPoolIndex, 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.

In general, we have following text proposal on clause 5.1.5 of TS38.214.
[bookmark: _Hlk53751798]Text proposal on clause 5.1.5 of TS38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
[bookmark: _Hlk498002628][bookmark: _Hlk500790716]Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	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-Type is set to '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 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, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol and they are associated with same coresetPoolIndex, 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 a UE is configured with enableTwoDefaultTCI-States, 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 PDSCH is scheduled by a DCI format not having the TCI field present, the UE maps the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states to PDSCH or PDSCH transmission occasions.
-	When the PDSCH is scheduled by a DCI format having the TCI field present, and one TCI state is indicated in DCI with 'Transmission Configuration Indication' field, if the indicated TCI state is one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE maps the indicated TCI state to PDSCH or PDSCH transmission occasions; otherwise, the UE maps the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states to PDSCH or PDSCH transmission occasions.
-	When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA', 'FDMSchemeA', 'FDMSchemeB' or is configured with higher layer parameter repetitionNumber and two TCI states are indicated in a DCI with 'Transmission Configuration Indication' field,, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 or 5.1.2.3 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states 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)
-	In all cases above, if none of configured TCI states for the serving cell of scheduled PDSCH is configured with qcl-Type set to '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 the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier and the UE is configured with enableDefaultBeam-ForCCS:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	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, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. 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, 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 a UE is configured with enableTwoDefaultTCI-States, 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.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



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 or PDSCH transmission occasions is the indicated TCI state.
Otherwise, the UE assumes that the default TCI state of PDSCH or PDSCH transmission occasions 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 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.

Text proposal on clause 5.1.5 of TS38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	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-Type is set to '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 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, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol and they are associated with same coresetPoolIndex, 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 a UE is configured with enableTwoDefaultTCI-States, 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 PDSCH is scheduled by a DCI format not having the TCI field present, the UE maps the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states to PDSCH or PDSCH transmission occasions.
-	When the PDSCH is scheduled by a DCI format having the TCI field present, and one TCI state is indicated in DCI with 'Transmission Configuration Indication' field, if the indicated TCI state is one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, the UE maps the indicated TCI state to PDSCH or PDSCH transmission occasions; otherwise, the UE maps the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states to PDSCH or PDSCH transmission occasions.
-	When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA', 'FDMSchemeA', 'FDMSchemeB' or is configured with higher layer parameter repetitionNumber and two TCI states are indicated in a DCI with 'Transmission Configuration Indication' field,, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 or 5.1.2.3 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states 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)
-	In all cases above, if none of configured TCI states for the serving cell of scheduled PDSCH is configured with qcl-Type set to '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 the PDCCH carrying the scheduling DCI is received on one component carrier, and the PDSCH scheduled by that DCI is on another component carrier and the UE is configured with enableDefaultBeam-ForCCS:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-	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, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. 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, 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 a UE is configured with enableTwoDefaultTCI-States, 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.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------
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