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1. Introduction
In this contribution, we discuss default beam determination behaviours for cross carrier scheduling, which  are across Rel-15 and Rel-16 [1]. More details can be found in the following analysis and proposals. 
2. Discussion
2.1 Conflict between Rel-15 and Rel-16
In Rel-15 cross-carrier scheduling, regarding how to determine default beam when “TCI field is not present in DCI” and “scheduling offset is below timeDurationForQCL”, intended UE behaviors are listed as below: 
· No default beam is defined
· tci-PresentInDCI is always configured for CORESET(s) for cross-carrier scheduling
· scheduling offset is always larger than or equal to timeDurationForQCL
· Note: cross-carrier scheduling only occurs when scheduling cell and scheduled cell are same numerology 
In Rel-16 MR-DC work item, one agreement has been made to enable that “TCI field can be absent in DCI for cross-carrier scheduling” and “scheduling offset could be less than timeDurationForQCL”. Related agreements are quoted below. 
	Agreements:
When PDSCH and its scheduling PDCCH are in the different CCs, if the PDCCH-to-PDSCH delay < Threshold-Sched-Offset timeDurationForQCL or if the TCI information is absent from the DCI, 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


From the quoted agreements, the Rel-16 UE behaviours are as below: 
· Default beam follows lowest-ID TCI state activated for PDSCH in active BWP in scheduled cell
· Note: intended behavior is allowed for both same numerology case and different numerology case 

However, as quoted below, current SPEC seems not capture the intended Rel-15 and Rel-16 UE behaviour well. 
	[…]
(Rel-15 behaviour) 
When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling, and the PDCCH carrying the scheduling DCI and the PDSCH scheduled by that DCI are transmitted on the same carrier, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentInDCI-ForFormat1_2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
[…]
(Rel-16 behaviour) 
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:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay d is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1;
-	For both the cases when tci-PresentInDCI is set to 'enabled' and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and when  tci-PresentInDCI is not configured, 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.
[…]


From the first highlight, we find out that Re1-15 UE behaviour is changed. In Rel-15, as long as a CORESET is configured for cross-carrier scheduling, the described restrictions apply, no matter the scheduling DCI transmitted by the CORESET is for self-scheduling or cross-carrier scheduling. Hence, at least the first highlight should be removed. 
On the other hand, the quoted agreement makes Rel-16 UE behaviour different from that of Rel-15 on cross-carrier scheduling, more specifically, cross-carrier scheduling with same numerology case (Note: Rel-15 does not allow cross-carrier scheduling with different numerology). Therefore, the second highlight needs to be modified in order to differentiate Rel-15 UE and Rel-16 UE. 

One simplest way is to introduce a RRC parameter to differentiate Rel-15 UE and Rel-16 UE, which is also a conventional method we use to solve conflict between different releases. The current context could be modified as the followings: 
	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…;
-	For both the cases…  


Since the name of the RRC parameter, if introduced, is unknown, we notate it as enableDefaultBeamForCCS with bracket for now. Based on above discussions, we have detailed SPEC change in Text Proposal 1 in Appendix. 

However, we understand that it may not be feasible to introduce a new RRC parameter in a late Rel-16 stage. Another way is to not specify Rel-16 UE behaviour for cross-carrier scheduling with the same numerology temporarily, since it is the overlap between Rel-15 behaviour and Rel-16 behaviour. Starting from perspective of not introducing RRC parameter, the corresponding SPEC change is shown in Text Proposal 2 in Appendix. With Text Proposal 2, for CCS with same numerology case, the Rel-15 restrictions also apply for Rel-16 UE; for CCS with different numerology case, Rel-16 UE could apply default beam determination behaviour. 
Indeed, Text Proposal 2 is not a perfect way. However, it addresses the conflict between Rel-15 and Rel-16 UE behaviour without RRC impact. If Text Proposal 2 is adopted eventually, RAN1 should further discuss whether or how to specify default beam for cross-carrier scheduling with the same numerology in Rel-16. In conclusion, our preference is to adopt Text Proposal 1, but Text Proposal 2 is acceptable to us. 
Proposal 1: To address conflict between Rel-15 and Rel-16 on default beam for cross-carrier scheduling, down-select to adopt one of the following Text Proposal in Appendix: 
· Text Proposal 1 (with RRC impact), 
· Text Proposal 2 (without RRC impact, but agreement is not fully captured)
2.2 Relation between CA enhancement and eURLLC
Due to demand from URLLC, DCI format 1_2 is introduced in Rel-16. For DCI format 1_2, tci-PresentInDCI-ForFormat1_2 is used to configure a TCI field in DCI format 1_2. In current Rel-16 TS 38.214[1], descriptions related to tci-PresentInDCI-ForFormat1_2 are inserted in Rel-15 behaviour about beam indication/determination. We believe the newly-introduced default beam determination for cross-carrier scheduling should be also applicable to URLLC UE. It seems to us that it is a natural extension for URLLC UE. From technical perspective, it is also sensible to allow “TCI field not present in DCI” and “scheduling offset below timeDurationForQCL “ for URLLC UE supportive of CA, which could increase reliability and reduce latency. 
Corresponding Text Proposal 3 is shown as below (also in Appendix). Furthermore, since tci-PresentInDCI is configured per CORESET, we modify accordingly to show that the concerned configuration of tci-PresentInDCI is related to the CORSET scheduling the PDSCH. 
It is noted that Text Proposal 3 is independent from Text Proposals in Session 2.1. 
	Text Proposal 3 (for TS 38.214 v16.0.0, Session 5.1.5)
< Unchanged parts are omitted >
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:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay d is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1;
-	For both the cases when tci-PresentInDCI or tci-PresentInDCI-ForFormat1_2 is set to 'enabled' configured for the CORESET scheduling the PDSCH and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and when  tci-PresentInDCI or tci-PresentInDCI-ForFormat1_2 is not configured for the CORESET scheduling the PDSCH, 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.
< Unchanged parts are omitted >



Proposal 2: To adopt Text Proposal 3 to allow URLLC UE to apply default beam behaviour for cross-carrier scheduling. 
3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1: To address conflict between Rel-15 and Rel-16 on default beam for cross-carrier scheduling, down-select to adopt one of the following Text Proposal in Appendix: 
· Text Proposal 1 (with RRC impact), 
· Text Proposal 2 (without RRC impact, but agreement is not fully captured)
Proposal 2: To adopt Text Proposal 3 to allow URLLC UE to apply default beam behaviour for cross-carrier scheduling. 
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Appendix
Text Proposal 1 (for TS 38.214 v16.0.0)
[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283]5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
[bookmark: _Hlk530421126]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]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured 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. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with [enableDefaultBeamForCCS], and the PDCCH carrying the scheduling DCI and the PDSCH scheduled by that DCI are transmitted on the same carrier, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentInDCI-ForFormat1_2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk26289978]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 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 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 d is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1;
-	For both the cases when tci-PresentInDCI is set to 'enabled' and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and when  tci-PresentInDCI is not configured, 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.
< Unchanged parts are omitted >


Text Proposal 2 (for TS 38.214 v16.0.0)
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
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]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured 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. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling, and the PDCCH carrying the scheduling DCI and the PDSCH scheduled by that DCI are transmitted with the same OFDM subcarrier spacingon the same carrier, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentInDCI-ForFormat1_2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 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 PDCCH carrying the scheduling DCI is received on one component carrier with one OFDM subcarrier spacing, and the PDSCH scheduled by that DCI is on another component carrier with another OFDM subcarrier spacing:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay d is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1;
-	For both the cases when tci-PresentInDCI is set to 'enabled' and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and when  tci-PresentInDCI is not configured, 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.
< Unchanged parts are omitted >


Text Proposal 3 (for TS 38.214 v16.0.0)
5.1.5	Antenna ports quasi co-location
< Unchanged parts are omitted >
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:
-	The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay d is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1;
-	For both the cases when tci-PresentInDCI or tci-PresentInDCI-ForFormat1_2 is set to 'enabled'configured for the CORESET scheduling the PDSCH and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and when  tci-PresentInDCI or tci-PresentInDCI-ForFormat1_2 is not configured for the CORESET scheduling the PDSCH, 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.
< Unchanged parts are omitted >






