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During RAN1#96bis meeting, it has been agreed that  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH and then quantized to the next PDSCH slot boundary [1].
	Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary


Besides, it has been agreed to reuse the Rel-15 PDSCH-to-HARQ-ACK minimum allowed timing and Rel-15 PDSCH-to-PUSCH minimum allowed timing for Rel-16 cross-carrier scheduling with different numerologies [1].
	Agreements:
Regarding PDSCH-to-HARQ-ACK minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 
Agreements:
Regarding PDCCH-to-PUSCH minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 


An email discussion has also been approved to discuss the remaining issues on this AI.
In this contribution, we provide our further considerations on cross-carrier scheduling with different numerologies.
PDSCH and PDCCH timeline
During the offline discussion in RAN1#96bis, companies proposed some candidate  values for PDCCH monitoring case 1-1 as the starting point [2]. 
Table 1:  (at least) for lower SCS PDCCH scheduling a higher SCS PDSCH
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	[2-4] symbols
	[4] symbols
	[6-8] symbols


As discussed in RAN1#96bis,  mainly depends on the numerology of PDCCH and UE capability.  should be defined so that moderate number of UEs can meet this timeline requirement and it is not reasonable to define  for the worst case. In this sense, we propose to adopt the following values: 2 symbols (15 KHz), 4 symbols (30 KHz) and 6 symbols (60 KHz).
Proposal 1: Regarding  for PDCCH monitoring case 1-1, adopt the following values: 2 symbols (15 KHz), 4 symbols (30 KHz) and 6 symbols (60 KHz).
While for PDCCH monitoring case 1-2 and case 2, the following alternatives are summarized in the feature lead’s summary [2].
	For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH:
· ALT1:
· The same  and quantization to the next PDSCH slot rule as with case 1-1 scheduling is used
· ALT2:
· The same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· FFS if an additional offset should be added to 
· ALT3:
· A different  than with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary


It’s well understood that PDCCH monitoring case 1-1 is mainly used for scheduling type A PDSCH/PUSCH, which starts from the beginning of slots. That’s the reason why we agreed to introduce the quantization operation of  for PDCCH monitoring case 1-1. 
While for PDCCH monitoring case 1-2 and case 2, they are mainly used for scheduling type B PDSCH/PUSCH. The type B PDSCH/PUSCH can start from any symbol within a slot. In this sense, the quantization operation seems to be unwarranted.
Besides, quantization is likely to result with longer scheduling delay for type B PDSCH. As depicted in Figure 1, assuming one 15 KHz CC cross-carrier schedules another 120 KHz CC, PDCCH duration = 1 symbol and PDCCH processing time = 2 symbols, the quantization operation ends up with additional 4 symbols scheduling delay (i.e., the quantization offset). The type B PDSCH is mainly designed for latency-sensitive traffic, the additional scheduling delay is contrary to the original design intention of type B transmission. Thus, we propose that for case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH, the same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary.
Proposal 2: For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH, the same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary. (Alt2)
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Figure 1. Additional scheduling delay incurred by quantization for type B transmission.
Multi-slot scheduling
As agreed in RAN1#96 meeting, the limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC. In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the number of BDs may be not enough to simultaneously schedule all the DL slots and UL slots.
As summarized in feature lead’s summary, the following two solutions to this issue are supported by most companies [2].
	· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  


Although multi-slot scheduling is an attractive solution to improve the scheduling flexibility and reduce the PDCCH blockage probability, it may need lots of effort to finalize the detailed solution of multi-slot scheduling. After a quick check, at least the following issues need to be discussed prior to agree to introduce multi-slot scheduling.
1. The maximum number of slots that one DCI can schedule;
2. How to indicate the number of slots that one DCI schedules.
3. Time-domain and frequency-domain resource allocation in each slot;
4. Each slot with separate TB or one jumbo TB for all scheduled slots;
5. Construction of semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook;
6. How to make multi-slot scheduling be compatible with CBG-based transmission, e.g., how to interpret CBGTI and CBGFI field in scheduling DCI;
7. QCL indication for each slot;
8. The detailed DCI design used for multi-slot scheduling.
This is the last meeting for cross-carrier scheduling with mixed numerologies in MR-DC WI. The time is limited to discuss all the issues mentioned above. Thus, we propose that UE supporting cross-carrier scheduling with different numerologies is mandated to support capability FG 3-5/3-5b.
Proposal 3: In Rel-16, UE supporting cross-carrier scheduling with different numerologies is mandated to support capability FG 3-5/3-5b. (Alt2)
QCL determination
Clarifications on time domain thresholds for QCL indication 
Another remaining issue for QCL assumption is related to the threshold used for applying spatial QCL information received in DCI. The current definition in TS38.306 is described as follows:
timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5, i.e. Threshold-Sched-Offset. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.
Therefore, this threshold is reported per each subcarrier spacing. However, it is not clear whether subcarrier spacing of scheduled cell or scheduling cell it refers to. 
In Subclause 5.1.5 of TS 38.214, the corresponding description related to the threshold is 
“the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset…”. 
It is not clear whether the time offset and the threshold depends on the numerology of PDSCH i.e. scheduled cell or DCI i.e. scheduling cell.
Therefore, we propose to clarify that the threshold corresponding to the numerology of the scheduled cell should be used. 
Proposal 4: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.
If proposal 4 is approved, the following TP in Section 5.1.5 of 38.214 is proposed.
Proposal 5: Take the following TP in Section 5.1.5 of 38.214.
	If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, and 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] corresponding to the numerology of the scheduled cell, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission. 
If the tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, 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] corresponding to the numerology of the scheduled cell. 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, the UE expects tci-PresentInDci is set as 'enabled' 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.


Default QCL assumption
According to the current QCL assumptions for cross-carrier scheduling, the Tci-PresentInDCI has to be always enabled and the scheduling timing offset cannot be smaller than the threshold. As explained in the UE feature list [3], for 60 KHz SCS of scheduled carrier, the candidate values of Threshold-Sched-Offset is {7, 14, 28}; for 120 KHz SCS of scheduled carrier, the candidate values of Threshold-Sched-Offset is {14, 28}. That’s to say, the basic cross-carrier scheduling timing offset is 28 symbols with basic UE capability. Even with higher UE capability, the offset is at least 7 symbols for the scheduled carrier of 60 KHz SCS and 14 symbols for the scheduled carrier of 120 KHz SCS. This additional latency is unnecessary especially for basic single beam system. It may be okay to have such restriction in Rel-15 because FR1 cross-carrier scheduling FR2 carrier is anyway not supported in Rel-15. Given that cross carrier scheduling with different numerologies is supported in Rel-16, this restriction will limit the use cases of cross-carrier scheduling, e.g. latency sensitive traffic would not work well in such case.
According to the feature lead’s summary, two alternatives are summarized as below [2].
	FL proposal: Adopt one of the two alternatives for cross-CC scheduling if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1
Alt1: QCL assumption for the scheduled PDSCH is based on the TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Alt2: QCL assumption for the scheduled PDSCH is based on a TCI-state explicitly configured for this purpose


Both Alt 1 and Alt 2 provide a default QCL assumption for the cases where the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1. With the default QCL assumption, UE can further decrease and even eliminate the scheduling timing offset for cross-carrier scheduling. 
If Alt2 means RRC configured explicit TCI state, the update of default beam would be too restrictive as it is slower than the update of default beam for self-scheduling. In Rel-15, default beam of self-scheduling is derived from the lowest CORESET ID in the latest slot. That’s to say, in self-scheduling case, the default beam can be changed per slot or can be changed by MAC-CE update. Therefore, RRC configured explicit TCI state for cross-carrier scheduling is less flexible than self-scheduling. 
For the proposal of dummy CORESET, it would be beneficial only if we can re-use the current spec description of using the lowest CORESET ID for default QCL assumption. However, the current spec requires the CORESET with monitored search space and hence spec changes are still required since dummy CORESET does not have monitored search space.  Also, the problem of dummy CORESET is that it causes too much unnecessary configuration overhead to configure multiple dummy CORESETs in multiple CC cases. For the proposal of dummy CORESET, we think one dummy CORSET can be configured in one CC only and shared by multiple intra-band CCs. This should be enough to provide QCL-type D information.
We think it is not appropriate to group the proposal of using dummy CORESET and the proposal of explicit TCI state in the same alternative. These two proposals are quite different. Overall, we think Alt2 is missing the detail on how default TCI state is explicitly configured. We should only consider a complete proposal at this late stage. 
Regarding Alt1, we think it should be revised to:
Alt1: QCL assumption for the scheduled PDSCH is based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
With the wording of “active TCI state”, Alt1 can provide consistent timing with Rel-15 since TCI state corresponding to the lowest TCI ID can be updated by MAC-CE. In addition, it would be easier to count the number of active TCI states (for the purpose of keeping track of the maximum number of active TCI states defined for UE feature) if the default TCI state is coming from one of the existing pool of active TCI states. In addition, existing higher layer signaling can be reused i.e. no new RRC/MAC-CE signaling is required. Therefore, we think Alt1 is a better solution.
Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, QCL assumption for the scheduled PDSCH in case of cross-carrier scheduling is based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
QCL assumptions other than QCL-TypeD
UE needs some time to determine and apply spatial QCL information for corresponding PDSCH reception. 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.
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.
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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 Threshold-Sched-Offset, 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 7: 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 Threshold-Sched-Offset, a UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Conclusion
To sum up, the following proposals are present in this contribution.
Proposal 1: Regarding  for PDCCH monitoring case 1-1, adopt the following values: 2 symbols (15 KHz), 4 symbols (30 KHz) and 6 symbols (60 KHz).
Proposal 2: For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH, the same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary. (Alt2)
Proposal 3: In Rel-16, UE supporting cross-carrier scheduling with different numerologies is mandated to support capability FG 3-5/3-5b. (Alt2)
Proposal 4: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.
Proposal 5: Take the following TP in Section 5.1.5 of 38.214.
	If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, and 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] corresponding to the numerology of the scheduled cell, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission. 
If the tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, 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] corresponding to the numerology of the scheduled cell. 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, the UE expects tci-PresentInDci is set as 'enabled' 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.


Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, QCL assumption for the scheduled PDSCH in case of cross-carrier scheduling is based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
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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.




