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Background
In the past RAN1 meetings, several important agreements and conclusions have been made for Rel. 16 cross-carrier scheduling with different numerologies. 
	RAN1 #97 
Agreements:
· timeDurationForQCL threshold is determined based on the numerology of the scheduled cells.
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
Agreements:
· Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step
 Agreements:
· For the case of higher SCS PDCCH scheduling lower SCS PDSCH, for the scheduling timing, use the same definition as with lower SCS PDCCH scheduling higher SCS PDSCH scheduling, without quantization to the next PDSCH slot
 Agreements:
· For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols
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
RAN1 AdHoc 1901
Conclusion:
All the following 4 cases can be considered further, while there was yet no consensus if all the cases will be eventually specified. To be discussed further after work on solutions has progressed.
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink
2. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink
3. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink
4. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink


In this contribution, we continue to discuss the remaining issues on this topic for the following aspects
· PDSCH Beam Switch Latency in Cross-Carrier Scheduling
· Scheduling Multiple TBs from One Slot 
· Cross-Carrier Scheduling UE Capabilities
Discussion
[bookmark: _Hlk17215851]PDSCH Beam Switch Latency in Cross-Carrier Scheduling
To perform a beam switch based on the TCI state in DCI, the UE needs to first process the PDCCH and then tune RF to the new beam according to the indicated TCI state. Therefore, beam switch timing threshold should be larger than the minimum PDCCH processing time. However, this is not always true if the beam switch timing threshold is only based on timeDurationForQCL. For example, when the UE reports timeDurationForQCL = 14 for PDCCH SCS = 15 kHz and PDSCH SCS = 60 kHz, the beam switch timing threshold is smaller than the corresponding minimum PDCCH-to-PDSCH delay  = 16. In another example, when the UE reports timeDurationForQCL = 28 for PDCCH SCS = 15 kHz and PDSCH SCS = 120 kHz, the beam switch timing threshold is also smaller than the corresponding  = 32. This means PDCCH processing cannot always be finished by a UE before the time instant when beam switch is supposed to occur.
[bookmark: o1]Observation 1: For cross-carrier scheduling with different numerologies, if the PDSCH beam switch timing threshold is timeDurationForQCL, it can be smaller than the minimum PDCCH-to-PDSCH delay (e.g., ).
[bookmark: _Hlk17221238]Beam switching delay is also discussed for cross-carrier aperiodic CSI-RS triggering with different numerologies ([1], [2]). Early proposals have both defined the beam switch timing threshold as summation of the threshold for same cell aperiodic CSI-RS triggering and an adjustment term dependent on the SCS of the PDCCH. Due to the similarity between PDSCH scheduling and aperiodic CSI-RS triggering, it is reasonable to define the their corresponding thresholds in the same way. 
[bookmark: p1]Proposal 1: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to the self-scheduling threshold based on the scheduled cell’s SCS plus an adjustment term based on the scheduling cell’s SCS.
To have a beam switching time threshold larger than the minimum PDCCH-to-PDSCH delay, we can follow [1] which relaxes the beam switch timing threshold by 14 symbols.
[bookmark: p2]Proposal 2: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to 

where  is equal to timeDurationForQCL based on the scheduled cell’s SCS.  is 14 which corresponds to a slot of the PDCCH carrier.  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively. 

[bookmark: _Ref24052473]Scheduling Multiple TBs from One Slot 
For cross-carrier scheduling with a lower SCS cell scheduling a higher SCS cell, to transmit or receive at least one TB in each slot of the scheduled cell, multiple unicast DCIs are needed in each slot in the scheduling cell. In our contribution [5], we analyzed the out-of-order issues of DCIs for different slots of the scheduled cell and proposed to use FG 3-5b framework to resolve this issue. For the most useful case of a SCS=30kHz cell scheduling a SCS=120kHz cells, FG 3-5b can guarantee the peak throughput by using 4 spans for FDD and 2 spans for TDD in a slot in the scheduling cell.
	CA with a lower SCS PDCCH scheduling a higher SCS PDSCH







[bookmark: p3]Proposal 3: For the case of a lower SCS cell scheduling a higher SCS cell, reuse FG 3-5b framework to schedule multiple TBs in the scheduled cell from one slot in the scheduling cell. 
· If a larger number of DL or UL unicast DCIs per span needs to be supported for FG 3-5b, it should be an optional support by the UE.
Under FG 3-5b framework, requirement of UE PDCCH processing capability is different depending on the relationship between the scheduling cell’s SCS and the scheduled cell’s SCS.
· When scheduling cell and scheduled cell have same SCS, FG 3-5b is needed for mini-slot based scheduling
· When scheduling cell has a lower SCS than scheduled cell, FG 3-5b may be needed even for slot-based scheduling
· When scheduling cell has a higher SCS than scheduled cell, PDCCH monitoring in a single span can support mini-slot based scheduling and FG 3-5b may not be needed.
Therefore, the UE should not be required to have the same support (i.e., multiple spans per slot or single span per slot) for PDCCH monitoring for all the three cases above. 
[bookmark: p4]Proposal 4: UE separately reports whether it supports PDCCH monitoring in multiple spans (i.e., FG 3-5b) in a slot in the scheduling cell for the following cross-carrier scheduling cases
· Same SCS between scheduling cell and scheduled cell
· Scheduling cell has a higher SCS than scheduled cell
· Scheduling cell has a lower SCS than scheduled cell

HARQ-ACK Codebook 
Alt 1b in the agreement on multi-TB scheduling from one slot suggests increasing the number of valid unicast DCIs per PDCCH monitoring occasion. Since span contains at least one MO, increasing the number of unicast DCIs per MO will also increase the number of unicast DCIs per span. Whether the UE should support the increased number of unicast DCIs per span should be discussed in UE capability session. Together with FG 3-5b, there are two solutions to achieve the scheduling of multiple TBs from one slot. Comparing to FG 3-5b, increasing number of unicast DCIs per MO has bigger impact to the spec, for example, for HARQ-ACK codebook design. We prefer FG 3-5b which has less spec impact and has been well studied.
[bookmark: p5]Proposal 5: For Rel. 16, do not support to increase the maximum number of unicast DCIs per monitoring occasion.
In the future, we may find it necessary to increase the number of unicast DCIs per MO. Then HARQ-ACK should also be designed accordingly to support more than one HARQ-ACK bit per MO. In this case, counter DAI can be used to construct the codebook. However, counter DAI can only indicate up to four DL transmissions due to the modulo 4 operation. To resolve problem, starting symbol of the DL transmission can be used to further differentiate DL transmissions within the same MO.
[bookmark: p6]Proposal 6: If the maximum number of unicast DCIs for the UE to monitor per monitoring occasion is larger than one, define the HARQ-ACK codebook using the counter DAI field of the PDCCH and the starting symbol of the scheduled PDSCH.
Although increasing the number of unicast DCIs per MO/span allows the scheduling of multiple TBs from one slot, it does not resolve the DCI out-of-order problem that is mentioned in 2.2. One way to resolve this problem is to associate the PDCCH candidate index with the PDSCH slot index. Then the UE will know which PDCCH candidate needs to be decoded first for an early PDSCH. For example, PDCCH in the SCS = 30 kHz cell schedules PDSCH in a SCS = 120 kHz cell. Network configures 8 PDCCH candidates in one search space for scheduling PDSCH in the scheduled cell. In a search space set occasion, network uses PDCCH candidates 0 and 1 to carry the DCI for the first slot that overlaps with the PDCCH slot and use PDCCH candidates 2 and 3 to carry DCI for the second slot that overlaps with the PDCCH slot, and so on. The UE starts processing the PDCCH candidate that is associated with the earliest PDSCH based on the minimum PDCCH-to-PDSCH delay.
[bookmark: p7]Proposal 7: For the case of a lower SCS cell scheduling a higher SCS cell, if maximum number of unicast DCIs is increased for a PDCCH span or a MO, define rules to associate PDCCH candidate indices with the PDSCH slot indices.
The three proposals above together will enable the scheduling of multiple TBs for cross-carrier scheduling with a lower SCS cell scheduling a higher SCS cell. However, we think they should be discussed in future releases as FG 3-5b is sufficient for Rel. 16. 

Cross-Carrier Scheduling UE Capabilities
In our RAN1 #98 contribution [4], we proposed that the UE reports separate capabilities for the support for the four cases of cross-carrier scheduling with different numerologies.
UE cross-carrier scheduling capability is tied to UE search space sharing capability. It is unclear how search space sharing capability will be specified for Rel. 16 cross-carrier scheduling with different numerologies. The search space sharing capability may or may not be defined to differentiate UL-DL and combinations of scheduling cell’s SCS and scheduled cell’s SCS, etc. If everything is clear (e.g., UL-DL differentiation) for search space sharing capability for cross-carrier scheduling with different numerologies, it is fine to not differentiate UL and DL in UE cross-carrier scheduling capabilities. Otherwise, UL-DL differentiation would be still needed. It is too early to preclude a UL-DL differentiation for cross-carrier scheduling with different numerologies now.
[bookmark: p8]Proposal 8: Do not preclude UL-DL differentiation for cross-carrier scheduling UE capabilities before UE search space sharing capability is clarified.

[bookmark: _Toc503314554][bookmark: _Toc503531337]Conclusion
The following observations and proposals are made on remaining issues for cross-carrier scheduling with different numerologies:
Observation 1: For cross-carrier scheduling with different numerologies, if the PDSCH beam switch timing threshold is timeDurationForQCL, it can be smaller than the minimum PDCCH-to-PDSCH delay (e.g., ).

Proposal 1: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to the self-scheduling threshold based on the scheduled cell’s SCS plus an adjustment term based on the scheduling cell’s SCS.
Proposal 2: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to 

where  is equal to timeDurationForQCL based on the scheduled cell’s SCS.  is 14 which corresponds to a slot of the PDCCH carrier.  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively. 
Proposal 3: For the case of a lower SCS cell scheduling a higher SCS cell, reuse FG 3-5b framework to schedule multiple TBs in the scheduled cell from one slot in the scheduling cell. 
· If a larger number of DL or UL unicast DCIs per span needs to be supported for FG 3-5b, it should be an optional support by the UE.
Proposal 4: UE separately reports whether it supports PDCCH monitoring in multiple spans (i.e., FG 3-5b) in a slot in the scheduling cell for the following cross-carrier scheduling cases
· Same SCS between scheduling cell and scheduled cell
· Scheduling cell has a higher SCS than scheduled cell
· Scheduling cell has a lower SCS than scheduled cell
Proposal 5: For Rel. 16, do not support to increase the maximum number of unicast DCIs per monitoring occasion.
Proposal 6: If the maximum number of unicast DCIs for the UE to monitor per monitoring occasion is larger than one, define the HARQ-ACK codebook using the counter DAI field of the PDCCH and the starting symbol of the scheduled PDSCH.
Proposal 7: For the case of a lower SCS cell scheduling a higher SCS cell, if maximum number of unicast DCIs is increased for a PDCCH span or a MO, define rules to associate PDCCH candidate indices with the PDSCH slot indices.
Proposal 8: Do not preclude UL-DL differentiation for cross-carrier scheduling UE capabilities before UE search space sharing capability is clarified.
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