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During RAN#84, one contribution was submitted to ask clarification on sync NR-DC [1]. It was agreed to further clarify sync NR-DC in RAN1 meeting and come back at RAN#85. In this contribution, we present our understanding on sync NR-DC in Rel-15 in Section 2.
During RAN1#97 meeting, most of the issues on cross-carrier scheduling with different numerologies have been finalized. In this contribution, we present one remaining issue regarding QCL assumption for cross-carrier scheduling in Section 3.
Understanding of sync NR-DC in Rel-15
During RAN2#105, RAN2 sent an LS to RAN1 and RAN4 and respectfully asked RAN1/RAN4 to confirm RAN2’s understanding on synchronous NR-DC in Rel-15 [2].
	RAN2 has further discussed the synchronous NR-DC in Rel-15 and reached following consensus:
 =>	RAN2 understanding that sync NR-DC implies at least slot synchronisation and it does not imply SFN synchronisation



During RAN4#90bis meeting, RAN4 confirmed RAN2’s understanding on sync NR-DC, i.e., from RAN4 point of view synchronous NR-DC only requires slot boundary synchronization [3].
RAN1 has discussed this topic in RAN1#96bis meeting, some companies agreed with RAN2’s understanding while some other companies thought sync NR-DC requires SFN alignment. Since companies couldn’t converge on the same understanding, no LS reply to [2] was agreed from RAN1.
Observation 1: Both RAN2 and RAN4 agree that synchronous NR-DC only requires slot boundary synchronization.
Furthermore, LTE spec doesn’t specify any requirement on SFN alignment for LTE DC. According to TS36.300 as excerpted below, when DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
	For Dual Connectivity, the UE is configured with two cell groups (CGs). A CG may only include cells that are associated to the same eNB and those cells are synchronized at the eNB level similar as for carrier aggregation. Two operations are defined: synchronous and asynchronous DC. In synchronous DC operation, the UE can cope with a maximum reception timing difference up to at least 33µs and maximum transmission timing difference up to at least 35.21µs between CGs. In asynchronous DC operation, the UE can cope with a maximum reception/transmission timing difference up to 500µs between CGs.
When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.



Observation 2: When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
In practical, different network vendors have different algorithms on determining the initial SFN when deploying the base station. It’s extremely difficult or even impossible to align network vendors’ implementation algorithms.
Another way to align SFN between MCG and SCG is to specify the inter-gNB signaling to coordinate the SFN. As shown in Figure 1, this is likely to create a chain-effect. A number of cells (especially for cells from different vendors) have different SFNs, then all three cells have to negotiate and align the SFN. The ultimate goal is that all the cells potentially deployed for NR-DC shall align their SFNs. It’s extremely difficult or even impossible to align SFN between gNBs from different vendors. If sync NR-DC requires SFN alignment, this brings much restriction on Rel-15 NR-DC.
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Figure 1. Chain-effect of SFN negotiation between cells.
Observation 3: It’s extremely difficult or even impossible to align SFN between different gNBs, especially for gNBs from different vendors. If sync NR-DC requires SFN alignment, this brings much restriction on Rel-15 NR-DC.
Proposal 1: RAN1 reconfirms that synchronous NR-DC only requires slot boundary synchronization.
QCL assumptions other than QCL-TypeD
Regarding the default QCL for cross-carrier scheduling, RAN1 has agreed that if the PDCCH-to-PDSCH delay < timeDurationForQCL or if the TCI information is absent from the DCI, 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 [4].
	Agreements (RAN1#97):
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 our point of understanding, the agreements reached in last meeting is only applicable for FR2 Cell only, i.e., when QCL-typeD exists. UE needs some time to determine and apply spatial QCL information for corresponding PDSCH reception. That’s the reason why network needs to leave sufficient time (i.e., timeDurationForQCL) for UE to apply the DCI indicated TCI state.
While for all the QCL assumptions other than QCL-TypeD, which are mainly used in the baseband processing, UE is allowed to receive the PDSCH and determine and apply QCL assumptions other than QCL-TypeD after the PDSCH reception. In other words, there is no such threshold (i.e., timeDurationForQCL) for QCL assumptions other than QCL-TypeD. Likewise, as the excerpt from Section 5.1.5 in TS 38.214 shown, if none of configured TCI states contains ‘QCL-TypeD’, the UE shall obtain the QCL assumptions other than QCL-type D from the indicated TCI states for its scheduling PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
	[image: ]


This feature can be introduced in Rel-16 cross-carrier scheduling. When TCI field is present in DCI for cross-CC scheduling, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold timeDurationForQCL, UE can still obtain the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH. The QCL assumptions based on DCI indication can be further updated compared with the default one. 
Proposal 2: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Conclusions
In this contribution, we present one remaining issue on QCL assumptions other QCL-TypeD for cross-carrier scheduling. The following proposal has been made.
Observation 1: Both RAN2 and RAN4 agree that synchronous NR-DC only requires slot boundary synchronization.
Observation 2: When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
 Observation 3: It’s extremely difficult or even impossible to align SFN between different gNBs, especially for gNBs from different vendors. If sync NR-DC requires SFN alignment, this brings much restriction on Rel-15 NR-DC.
Proposal 1: RAN1 reconfirms that synchronous NR-DC only requires slot boundary synchronization.
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case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states 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.




