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1. Introduction

In Rel-16, new default beam behavior has been introduced for cross-carrier scheduling in MR-DC work item. In eMIMO, there are some new beam operation introduced for multiple TRPs, such as allowing one TCI codepoint indicating two TCI states and corresponding new default beam behaviors. However, there seems to be no discussion in RAN1 regarding interaction between the two features. Therefore, there might be some aspects unclear regarding interoperation between the two features in view of the existing specification. We discuss the potential different understanding/interpretation on the existing specification in this contribution. This is a revision of R1-2008719.
2. Discussion 
Base on the existing Section 5.1.5 of TS 38.214[1], for the case of DCI indicating TCI states and scheduling delay not shorter than the threshold, the TCI states used for PDSCH is based on the TCI state(s) indicated by the DCI and there is no distinction for same-carrier scheduling and cross-carrier scheduling:
“If the PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306].”

Therefore, it seems the current specification implies two TCI states for PDSCH introduced by multiple TRPs can be applied to cross carrier scheduling at least when TCI states is indicated by DCI.

Observation 1: Two TCI states for PDSCH introduced by multiple TRPs can be applied to cross carrier scheduling at least when TCI states is indicated by DCI.
On the other hand, for the cases when default beam(s) is applied, there may be uncertainty whether default beam(s) defined for multiple TRP could be applied for cross-carrier scheduling, e.g. for the case one TCI codepoint indicating two TCI states. 
“ Independent of the configuration of tci-PresentInDCI and tci-PresentForDCI-Format1-2-r16 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 the 'QCL-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-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-r16 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. 

-
If a UE is configured with enableTwoDefaultTCIStates-r16, 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 based on the activated TCI states in the slot with the first PDSCH transmission occasion.

-
In all cases above, 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.”
Observation 2: Default beam for the case of “PDCCH-Config that contains two different values of CORESETPoolIndex in different ControlResourceSets” in the context of multiple TRPs is applied to same-carrier scheduling only.
Observation 3: It is unclear default beam for the case of “one TCI codepoint indicates two TCI states” in the context of multiple TRPs could be applied to cross-carrier scheduling.

As mentioned, default beam is also defined for cross carrier scheduling in the context of MR-DC which could be different from those defined in the context of eMIMO mentioned above:
“ 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 [enableDefaultBeamForCCS]:

-
The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay [image: image2.png]


 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.”
Observation 4: There is potential conflict between default beam defined for multiple TRPs (for the case one TCI codepoint indicating two TCI states) and default beam for the case of cross-carrier scheduling.

There could be several possible options to resolve the potential conflict:
Option 1: For the case of cross-carrier scheduling and one TCI codepoint indicating two TCI states, either default beam defined for Rel-16 MR-DC is used or Rel-15 restriction is applied, i.e. default beam defined for multiple TRPs (for the case one TCI codepoint indicating two TCI states) is only applied for same-carrier scheduling.
Consequence of option 1: UE does not expect to be configured with enableTwoDefaultTCIStates-r16 for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states. 
Option 2: For the case of cross-carrier scheduling and one TCI codepoint indicating two TCI states, either default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used or Rel-15 restriction is applied, i.e. default beam defined for MR-DC is applied to the case all TCI codepoints indicating one TCI state only. 

Consequence of option 2: UE does not expect to be configured with enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.

Option 3:For the case of cross-carrier scheduling and one TCI codepoint indicating two TCI states, one of the following behavior is applied: “default beam defined for Rel-16 MR-DC”,  “default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used” or “Rel-15 restriction is applied”. Which default beam is used depends on “enableDefaultBeamForCCS” or “enableTwoDefaultTCIStates-r16”
Consequence of option 3: UE does not expect to be configured with both  enableTwoDefaultTCIStates-r16 and enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.

Proposal 1: For the case of cross-carrier scheduling and one TCI codepoint indicating two TCI states, RAN1 further discuss which of the following options is correct:

Option 1: Either default beam defined for Rel-16 MR-DC is used or Rel-15 restriction is applied, i.e. default beam defined for multiple TRPs (for the case one TCI codepoint indicating two TCI states) is only applied for same-carrier scheduling.

Option 2: Either default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used or Rel-15 restriction is applied, i.e. default beam defined for MR-DC is applied to the case all TCI codepoints indicating one TCI state only. 

Option 3: one of the following behavior is applied: “default beam defined for Rel-16 MR-DC”,  “default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used” or “Rel-15 restriction is applied”. Which default beam is used depends on either “enableDefaultBeamForCCS” or “enableTwoDefaultTCIStates-r16”is configured.

Proposal 2: RAN1 adopts one of the following:

Option 1: UE does not expect to be configured with enableTwoDefaultTCIStates-r16 for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.
Option 2: UE does not expect to be configured with enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states..
Option 3: UE does not expect to be configured with both  enableTwoDefaultTCIStates-r16 and enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.
3. Conclusion

In this contribution, we discuss issues related to interoperation between cross-carrier scheduling and multiple TRPs and have the following observations/proposals:
Observation 1: Two TCI states for PDSCH introduced by multiple TRPs can be applied to cross carrier scheduling at least when TCI states is indicated by DCI.
Observation 2: Default beam for the case of “PDCCH-Config that contains two different values of CORESETPoolIndex in different ControlResourceSets” in the context of multiple TRPs is applied to same-carrier scheduling only.

Observation 3: It is unclear default beam for the case of “one TCI codepoint indicates two TCI states” in the context of multiple TRPs could be applied to cross-carrier scheduling.

Observation 4: There is potential conflict between default beam defined for multiple TRPs (for the case one TCI codepoint indicating two TCI states) and default beam for the case of cross-carrier scheduling when cross-carrier scheduling is configured and one TCI codepoint indicating two TCI states.

Proposal: For the case of cross-carrier scheduling and one TCI codepoint indicating two TCI states, RAN1 further discuss which of the following options is correct:

Option 1: Either default beam defined for Rel-16 MR-DC is used or Rel-15 restriction is applied, i.e. default beam defined for multiple TRPs (for the case one TCI codepoint indicating two TCI states) is only applied for same-carrier scheduling.

Option 2: Either default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used or Rel-15 restriction is applied. 

Option 3: one of the following behavior is applied: “default beam defined for Rel-16 MR-DC”,  “default beam defined for multiple TRPs for the case one TCI codepoint indicating two TCI states is used” or “Rel-15 restriction is applied”. Which default beam is used depends on either “enableDefaultBeamForCCS” or “enableTwoDefaultTCIStates-r16”is configured.

Proposal 2: RAN1 adopts one of the following:

Option 1: UE does not expect to be configured with enableTwoDefaultTCIStates-r16 for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.
Option 2: UE does not expect to be configured with enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states..
Option 3: UE does not expect to be configured with both  enableTwoDefaultTCIStates-r16 and enableDefaultBeamForCS for a serving cell scheduled by another serving cell and one TCI codepoint indicating two TCI states.
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