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[bookmark: _GoBack]During RAN1#97 meeting, most of the issues on cross-carrier scheduling with different numerologies have been finalized [1]. During RAN1#98 meeting, a post-meeting email discussion was kicked off to discuss the remaining issues for cross-carrier scheduling [2].
In this contribution, we analyse one remaining issue regarding QCL assumption for cross-carrier scheduling and present our analysis on UE capabilities related to cross-carrier scheduling.
QCL assumptions
As shown below, in Rel-15, 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. However, it is not clear whether this rule is applicable to cross-carrier scheduling.
	For both the 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 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 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.



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 [1].
	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 network perspective, if none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the dynamic indication of TCI states is more useful than the default one (i.e., the one given by the lowest ID) since the dynamic indicated TCI states can be more updated. Thus, in case of cross-carrier scheduling, 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.
Proposal 1: Clarify that the following rule in Rel-15 is also applicable to cross-carrier scheduling.
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.

From our point of understanding, the agreements reached in last meeting is mainly applicable for FR2 Cell, 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.
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. 
The current Rel-15 spec says “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.”. The Rel-15 spec only covers the case when none of configured TCI states contains ‘QCL-TypeD’, our proposal here is to also cover the case when ‘QCL-TypeD’ is configured. As shown in Figure 1, if the TCI state contains ‘QCL-TypeD’ and the scheduling delay is smaller than timeDurationForQCL, the UE shall obtain the QCL-TypeD assumptions for the the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell and obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH.
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[bookmark: _Ref7184570]Figure 1. QCL assumptions other than QCL-TypeD

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.
Maximum number of DCIs per MO/span/slot
During RAN1#97 meeting, the following agreements has been endorsed [1].
	Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features



The three alternatives are not mutually exclusive. Even if companies agree to define the maximum number of unicast DCIs per span or per slot, it is likely to result in more than one unicast DCIs in each MO. From this perspective, it’s preferred to directly define/increase the number of unicast DCIs in each MO. From our perspective, up to 4 unicast DCIs per MO can be the starting point for discussion. If more than 4 unicast DCIs per MO is supported, the current DAI field bits in DCI may need to be increased or some other rules may need to order the DAI counting.
According to RAN1#98bis meeting, UE vendors may have the concern that too many unicast DCIs are placed within one monitoring occasion if one scheduling cell cross-carrier schedules a large number of scheduled cells. In this case, the maximum number of unicast DCIs in one scheduling slot across all scheduled cells can be defined.
Proposal 3: 
Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot across all scheduled cells.

Currently, the DAI is firstly ordered by the MO. For the PDSCHs scheduled from the same MO, the DAI is then ordered by the serving cell index. Take Figure 2 as an example, the numbers in brackets are (C-DAI, T-DAI) respectively. For PDSCHs scheduled from the same MO, the C-DAI is increased with the ascending order of serving cell index.
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[bookmark: _Ref19810445]Figure 2. DAI count order in Rel-15.

The current Rel-15 DAI counting mechanism assumes that only up to one unicast DL DCI is in each monitoring occasion for each scheduled cell, which doesn’t cover the case that more than one unicast DL DCI is received for the same scheduled cell. More than one unicast DL DCI for one scheduled cell is a typical case for cross-carrier scheduling with smaller SCS for the scheduling cell. For example, the scheduling cell is of 15 KHz SCS and the scheduled cell is of 120 KHz SCS, where one 15 KHz slot equals to 8 120 KHz slots. For full flexibility, up to 8 unicast DCIs may need to be transmitted within one MO. Thus, the new DAI counting order shall also take this case into account. For PDSCHs scheduled from the same MO for the same scheduled cell, the PDSCH starting time can be used for DAI counting. Combined with the Rel-15 DAI counting order, the new DAI counting order can be summarized as below:
(1) First in ascending order of PDSCH starting time;
(2) Second in ascending order of serving cell index;
(3) Third in ascending order of MO index.
Figure 3 shows an example about the above order rules. The HARQ-ACK of all the PDSCH transmissions correspond with the same PUCCH slot. The numbers in brackets are (C-DAI, T-DAI) respectively. PDSCH A and PDSCH B are counted first since they are from the MO#0, then PDSCH A is counted before PDSCH B since PDSCH A is from a smaller serving cell index. Among PDSCH C, D, E and F, PDSCH C are first counted since it is from the smallest serving cell index followed by PD-SCH D. Then, PDSCH E is counted before PDSCH F since PDSCH E starts earlier. 
Proposal 4: If the maximum number of unicast DCIs per MO is increased, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.
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[bookmark: _Ref19811373]Figure 3. DAI count order if more than one DCI is received within one MO.
Conclusions
In this contribution, we present our analysis on two remaining issues on cross-carrier scheduling. The following proposals have been made.
Proposal 1: Clarify that the following rule in Rel-15 is also applicable to cross-carrier scheduling.
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.
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.
Proposal 3: 
Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot across all scheduled cells.
Proposal 4: If the maximum number of unicast DCIs per MO is increased, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.
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* For QCL-TypeD, the UE shall obtain the QCL-TypeD assumptions
from the activated TCI state with the lowest ID.

* For QCL assumptions other than QCL-TypeD, the UE shall obtain
the these QCL assumptions from the indicated TCI states in DCI
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