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[bookmark: _Hlk510705081]This document summarizes the contributions submitted under agenda item 7.2.13.2 Cross-carrier Scheduling with Different Numerologies [1-14] to facilitate further discussion on the proposals.
Discussion
Scope
Proposals related to the scope of the work
	[1]
	Observation 1: No additional specification impact for including high-SCS scheduling cell from low-SCS scheduled cell and uplink cross-carrier scheduling with different numerologies. 

	[14]
	Observation 4: Cross-carrier scheduling with different numerology specification is targeted to complete by June 2019. It is important to consider selecting a core set of cases that is practical for implementation based on an early drop of Rel-16. Support for any non-essential cases can be deferred to a future release.
Proposal 1: Support for cross-carrier scheduling with different numerologies can be prioritized as follows:
· The feature for carriers with small SCS cross-scheduling large SCS is prioritized and supported in Rel-16.
· The feature for carriers with large SCS cross-scheduling small SCS can be supported in Rel-16 if the additional complexity and specification effort is small. Restrictions on the supported scenarios (e.g. SCS ratio) should be considered.



FL note: RAN-endorsed way forward on the scope [RP-190748]: 
· Includes the cases of high-SCS scheduled cell from low-SCS scheduling cell as well as high-SCS scheduling cell from low-SCS scheduled cell
· Includes uplink cross-carrier scheduling with different numerologies between scheduled cell and scheduling cell
FL conclusion: No need to discuss the scope of the work in RAN1

Timing
Proposals related to timing
	[1]
	Proposal 1: The timing between PDCCH scheduling PDSCH in current specification can be applied to the case of higher SCS PDCCH scheduling lower SCS PDSCH. 
Proposal 2: At least if searchSpaceSharingCA-DL is not enabled, the first symbol of the higher SCS PDSCH scheduled by a lower SCS PDCCH starts no earlier than 1 symbol duration on the scheduling cell with 15 kHz or 30 kHz SCS and 2 symbols duration on the scheduling cell with 60 kHz SCS after the end of the last symbol of the scheduling PDCCH.

	[2]
	Proposal 1: For the case of lower SCS PDCCH scheduling a higher SCS PDSCH,  is defined based on the SCS of the scheduled cell. 
Proposal 2: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, different  can be applied for Type A PDSCH and Type B PDSCH respectively.
· Defining  in unit of slot for Type A PDSCH. Defining  in unit of symbol for Type B PDSCH.
· Different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.
· FFS: How to determine PDSCH type before decoding DCI.

	[3]
	Proposal 3: The value of  depends on the following factors: 
-- the PDCCH transmission duration, 
-- the processing time, 
-- combination of numerologies of the scheduling PDCCH and the PDSCH.
Proposal 4: If a UE receives a PDCCH scheduling a PSCH with higher SCS, where the earliest possible starting point for the PDSCH is behind the type-A DMRS symbol(s) in slot n, the UE does not expect to receive a type-A PDSCH in a slot earlier than slot n+1.

	[4]
	Observation 3: The value of minimum K0 depends on the ending symbol of PDCCH.
Proposal 4: Define the  as
,
where N0 is the pre-defined value that depends on the UE capability and  is to reflect other factors that may have impact on ..
[bookmark: _Hlk5636482]Proposal 5: Define a minimum K0 for PDCCH monitoring case 1-1 and define an additional offset to cater for PDCCH ending in different symbols. Thus, =minimum K0 + OffsetPDCCH.

	[5]
	Proposal 1: For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0




	[6]
	Proposal 1: Support slot-level time gap for ∆ based on Table 1.
	Table 1. Proposed minimum values ∆ [slot(s)]

	Scheduling
Scheduled
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	4
	2
	1
	0




	[7]
	Observation: In case scheduling cell with smaller SCS and scheduled cell with larger SCS, the required buffer not only depends on the PDCCH processing time but also the maximum bandwidth of the scheduled cell.
Proposal 1: Both PDCCH processing time and maximum bandwidth for the scheduled cell (corresponding to numerology and frequency range) should be considered when determine the parameter .
Proposal 2: K0 determination on the scheduled cell with larger SCS should take the PDCCH monitoring occasion on the scheduling cell with smaller SCS into account.

	[8]
	Proposal-1: Adopt the same approach for the PDSCH start time definition as is used for the PUSCH start time definition, i.e. the PDSCH starts no earlier than N0 symbols after the end of the PDCCH carrying the DCI.
Proposal-2: The N0 is a function of the PDCCH SCS
Observation-1: The UE processing time from the PDSCH to HARQ-ACK is not impacted by the fact that the PDCCH and the PDSCH were on carriers in BWPs with different numerologies
Proposal-3: For the cross-carrier scheduling with different SCS, the PDSCH-to-HARQ-ACK timeline determination should otherwise follow the Rel-15 definition, but the SCS of the PDCCH should not play a role.
Proposal-4: For the cross-carrier scheduling with different SCS, consider definition of the PDCCH-to-PUSCH timeline where Rel-15 definition of N2, a function of PUCCH SCS, is additive to the N0, a function of PDCCH SCS, and the PDCCH decoding time embedded to N2 is correspondingly removed.

	[10]
	Proposal 1. In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + , where  = PDCCH processing time +1 symbol

	[12]
	Proposal 1  Minimum values for Δ are as shown in the following table, indicated in the number of symbols of scheduling CC numerology (and absolute time).
	
	
	Scheduling CC

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	
	
	
	

	Scheduled CC
 
 
 
	15 kHz
	N/A
	4 (142.9us)
	6 (107.2us)
	8 (71.42us)

	
	30 kHz
	2 (142.9us)
	N/A
	6 (107.2us)
	8 (71.42us)

	
	60 kHz
	2 (142.9us)
	4 (142.9us)
	N/A
	8 (71.42us)

	
	120 kHz
	2 (142.9us)
	4 (142.9us)
	6 (107.2us)
	N/A




	[14]
	Observation 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the minimum scheduling time gap () should be defined for each combination of the scheduling carrier SCS and the scheduled carrier SCS.
Observation 2: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, Case 1-1 PDCCH monitoring in the scheduling cell for cross-carrier scheduling has similar effects as Case 1-2 or Case 2 PDCCH monitoring for self-scheduling. In this case, supporting Case 1-2 and Case 2 PDCCH monitoring does not have much extra benefit.
Observation 3: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, it is easier to meet the scheduling causality condition if cross-carrier scheduling PDCCH is allowed only in the first slot within the set of slots on the scheduling carrier that overlap with the slot on the scheduled carrier.
Observation 5: When applying the minimum scheduling time gap (∆), quantization to slot-granularity is needed to support full-slot scheduling of PDSCH to potential reach peak throughput. If this is the main use case, it would be more convenient for both NW and UE to operate with the minimum DL scheduling offset (in slot granularity) instead of ∆ in symbol-granularity.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, UE indicates to the gNB the set of  based on capability signaling. Each set contains the  values for all valid combinations of the scheduling carrier SCS and the scheduled carrier SCS.
Proposal 3: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, different sets of  values should be separately defined for Case 1-1, Case 1-2 and Case 2 PDCCH monitoring. Alternatively, a worst case set of  values should be defined that work across all the supported PDCCH monitoring cases.



PDCCH-to-PDSCH timing
The following solution categories summarize the proposals for the earliest start:
[1] 	High-to-low SCS scheduling: The timing between PDCCH scheduling PDSCH in current specification can be applied
[1] 	Low-to-high SCS scheduling:  = 1 PDCCH symbol for 15/30 kHz SCS, and  = 2 PDCCH symbols symbols for 60 kHz SCS, at least if searchSpaceSharingCA-DL is not enabled 
[10]	Low-to-high SCS scheduling  = PDCCH processing time +1 symbol
[2]		 is defined based on the SCS of the scheduled cell. Different  can be applied for Type A PDSCH and Type B PDSCH
[8]		 is defined based on the SCS of the scheduling cell
[12]	 is defined based on the SCS of the scheduling cell (see table below for proposed values)
[3]		 is defined based on SCS of both scheduled and scheduling cell
[7]		 is defined based on PDCCH processing time and maximum bandwidth for the scheduled cell (corresponding to numerology and frequency range)
[5,6]	For low-to-high SCS scheduling: Define min K0 for each pair of PDCCH SCS, PDSCH SCS (see tables below for proposed values)
[14]	 is a UE capability for each pair of PDCCH SCS, PDSCH SCS.
[4]		Define the  as ,where N0 is the pre-defined value that depends on the UE capability and  is to reflect other factors that may have impact on .
[8]		the PDSCH starts no earlier than N0 symbols after the end of the PDCCH carrying the DCI.

Agreement from the main session:
· 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

Offline session proposal: processing time numbers for further discussion (for case 1-1 scheduling):
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





FL proposal: come back to case 1-2 and case 2 scheduling after the details of case 1-1 scheduling have been agreed. At theast the following alternatives can be considered
· 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

Possible way forward on PDCCH-to-PDSCH minimum allowed timing when scheduling PDCCH has a higher SCS than the scheduled PDSCH
· Alt1: Reuse Rel-15 specification without modifications
· Alt2: Use the same definition as with low-to-high scheduling


PDSCH-to-HARQ-ACK timing
Possible way forward on PDSCH-to-HARQ-ACK minimum allowed timing
· [bookmark: _GoBack]Alt1: Use the Rel-15 specification without changes (worst case SCS among PDCCH, PDSCH, UL carrying HARQ-ACK is used for deciding N1) [38.214]
[bookmark: _Hlk5878752]N1 is based on μ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where μ corresponds to the one of (μPDCCH, μPDSCH, μUL) resulting with the largest Tproc,1
· Alt2: Remove the PDCCH from the list of SCS considered in the minimum HARQ-ACK timing:
N1 is based on μ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where μ corresponds to the one of (μPDCCH, μPDSCH, μUL) resulting with the largest Tproc,1

PDCCH-to-PUSCH timing
Possible way forward on PDCCH-to-PUSCH minimum allowed timing
· Alt1: Keep the Rel-15 definition (worst case SCS among PDCCH, PUSCH is used for deciding N2) [38.214]
N2 is based on μ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where μ corresponds to the one of (μDL, μUL) resulting with the largest Tproc,2, where the μDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and μUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted,
· Alt12: Remove the PDCCH from the list of SCS considered in the minimum PUSCH timing
N2 is based on μ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where μ corresponds to the one of (μDL, μUL) resulting with the largest Tproc,2, where the μDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and μUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted,
· FFS, if additional delay component to increase the UE processing time should be added with Alt2

PDCCH monitoring
Proposals related to the PDCCH monitorings
	[2]
	Proposal 3: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.

	[3]
	Proposal 1: RAN1 should clarify whether the agreement made in RAN1#96 [on BD/CCE limits] is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases.

	[6]
	Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.

	[8]
	Proposal-7: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 

	[9]
	Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.



Proposal 1 of [3]: RAN1 should clarify whether the agreement made in RAN1#96 [on BD/CCE limits] is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases.
Offline agreement: Agreement is applicable to cross-carrier scheduling with the same numerologies and for cross-carrier scheduling with different subcarrier spacings

Proposal 1 of [9]. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies
Conclusion: This is how the PDCCH monitoring occasions are defined in Rel-15 and no other solutions have been proposed or identified

Support for contiguous data transmission
Proposals related to how to support contiguous data transmission when scheduling from lower to higher SCS
	[1]
	Observation 2: For cases of lower-SCS cell scheduling higher-SCS cell, the number of HARQ processes is not enough to support contiguous data transmission in the higher-SCS scheduled cell.
Proposal 3: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.

	[3]
	Observation 1: Support of multi-slot scheduling may either have difficulty in DCI design, or introduce processing complexity of UE implementation.
Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell.

	[4]
	Observation 1: 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.
Observation 2: Multi-slot scheduling can reduce the PDCCH blockage probability especially for the case of one lower SCS PDCCH scheduling a higher SCS PDSCH.
Proposal 1: For multi-slot scheduling, one DCI can schedule up to  DL/UL slots.
Proposal 2: To support multi-slot scheduling, add a field indicating the number of scheduled DL/UL slots in the RRC configuration IE, i.e., PDSCH-TimeDomainResourceAllocation.
Proposal 3: To support multi-slot scheduling,
· A group of TCI states can be put into a TCI state set;
· Each DCI codepoint in the scheduling DCI corresponds to one of the configured TCI state sets;
· Each TCI state within the determined set corresponds to the TCI state of each scheduled slot.

	[5]
	Proposal 2: Introducing multi-slot scheduling mechanism with different TB per slot to support continue data scheduling on scheduled CC.  

	[6]
	Proposal 2: Support multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell. To support this, following options can be considered:
· Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)
· Opt 2) Increase number of DCIs per PDCCH monitoring occasion
· Opt 3) Support multi-slot scheduling using 1 DCI
Proposal 5: If cross-carrier scheduling is configure, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication field.
Proposal 6: If cross-carrier scheduling is configure, 3 MSB bits of the TDRA field in DCI format 0_0/1_0 validated for DL SPS/UL grant Type 2 release are used for carrier indication field.

	[7]
	Proposal 3: In case scheduling cell has a smaller SCS than that of scheduled cell, using a single DCI on scheduling cell to schedule data transmission throughout slots on scheduled cell.
Proposal 4: The payload size of the new DCI format should be same as one of the current DCI format. Further study the new DCI format content, e.g. contains per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer.

	[8]
	Observation-2: NR R15 UE with basic capability is not capable of decoding more than one DL assignment and one/two (FDD/TDD) UL grants in the single slot, and an UE with advanced capability extends this to two unicast DCIs for FDD as well.  
Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.

	[9]
	Observation: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will cause more control overhead and higher UE power consumption.
Proposal 2. Support of multi-slot scheduling can be considered when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Proposal 3. Additional N bits in DCI are needed together with the slot offset to indicate the multi-slot scheduling state.

	[12]
	Proposal 3: For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

	[14]
	Observation 6: Existing basic PDCCH capability has defined the number of unicast DCIs based on the slot of the scheduled cell. For the case of a lower SCS scheduling a higher SCS, there is no need to further increase the number of unicast DCI or to define the multi-slot DCI.
Proposal 4: For the case that scheduling and scheduled cells have different SCSs, the necessity to support Case 1-2 and Case 2 PDCCH monitoring should be further discussed.



Based on above proposals, we see the following way forward:
FL Note: For contiguous cross-carrier scheduling from lower SCS to higher SCS for PUSCH, NR-U work item has agreed to specify a solution for multi-slot scheduling in R16. Companies are encouraged to check the solution being worked on and consider if it could be used in cross-carrier scheduling with different numerologies.
FL Proposal: For contiguous cross-carrier scheduling from lower SCS to higher SCS for PDSCH, R16 supports at least one of 
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Supported by: Oppo, VIVO, Samsung, Ericsson, ZTE
· 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.
· Supported by Samsung, Qualcomm, [Nokia], ZTE, Ericsson
· Alt 3: Multi-slot scheduling with different TB per slot  
· Supported by ZTE, Intel, Samsung, CATT, CMCC, Nokia
· Alt 4: Multi-slot scheduling with one TB across multiple slots 
· Supported by Huawei, CMCC
FL Proposal: downselect the above to Alt 2 and Alt 3 and decide in RAN1#97 

FL Conclusion: For contiguous cross-carrier scheduling from higher SCS to lower SCS for PUSCH and PDSCH, no additional specification is required 

QCL aspects
Proposals related to QCL aspects:
	[3]
	Proposal 5: For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

	[4]
	Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
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, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 8: 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.

	[6]
	Proposal 3: If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the DCI formats for the cell.

	[12]
	Proposal 2: For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

	[13]
	Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  
Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier
· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for a CORESET associated with cross-carrier scheduling. 
· When ‘tci-PresentInDCI’ is not configured for the CORESET, UE receives scheduled PDSCH via a default beam, which follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 

	[14]
	Proposal 5: For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET.
· A dummy CORESET can be realized by associating a search space to a CORESET wherein the total number of PDCCH candidates that are monitored in the CORESET is set to zero.



[3,4]	For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
[12]	For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
[14] For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET
FL observation: Dummy CORESET configured explitely for the purpose of QCL assumption derivation can be understood as an explicit TCI-state configured for QCL assumption for the PDSCH reception
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 explicitely configured for this purpose

[4] 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, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
FL proposal: Discuss the above 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.
FL proposal: Discuss the above proposal
 
[6] If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the DCI formats for the cell.
FL proposal: Discuss the above proposal

Other aspects
	[2]
	Proposal 4: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

	[3]
	Proposal 6: For aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, the issues above mentioned can be considered.

	[11]
	Proposal 1: For cross-carrier scheduling, for a scheduled cell, enable cross-carrier deactivation of DL SPS/UL configured grant.
· Support deactivation of DL SPS/UL configured grant by DCI format 0_1/1_1.
Proposal 2: For cross-carrier scheduling, for a scheduled cell, PDCCH-order random access is supported.
· Utilize 3 MSB bits of the reserved field as the CIF field.



FL proposal: Discuss the above proposals
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Annex – Proposals and observations
R1-1903991	Remaining issues on cross-carrier scheduling with different numerologies, Huawei, HiSilicon
Observation 1: No additional specification impact for including high-SCS scheduling cell from low-SCS scheduled cell and uplink cross-carrier scheduling with different numerologies. 
Observation 2: For cases of lower-SCS cell scheduling higher-SCS cell, the number of HARQ processes is not enough to support contiguous data transmission in the higher-SCS scheduled cell.
Proposal 1: The timing between PDCCH scheduling PDSCH in current specification can be applied to the case of higher SCS PDCCH scheduling lower SCS PDSCH. 
Proposal 2: At least if searchSpaceSharingCA-DL is not enabled, the first symbol of the higher SCS PDSCH scheduled by a lower SCS PDCCH starts no earlier than 1 symbol duration on the scheduling cell with 15 kHz or 30 kHz SCS and 2 symbols duration on the scheduling cell with 60 kHz SCS after the end of the last symbol of the scheduling PDCCH.
Proposal 3: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.

R1-1904041	On Cross-carrier Scheduling with Different Numerologies, OPPO
Proposal 1: For the case of lower SCS PDCCH scheduling a higher SCS PDSCH,  is defined based on the SCS of the scheduled cell. 
Proposal 2: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, different  can be applied for Type A PDSCH and Type B PDSCH respectively.
· Defining  in unit of slot for Type A PDSCH. Defining  in unit of symbol for Type B PDSCH.
· Different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.
· FFS: How to determine PDSCH type before decoding DCI.
Proposal 3: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.
Proposal 4: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

R1-1904112	Support of cross-carrier scheduling with mix numerologies, vivo
Observation 1: Support of multi-slot scheduling may either have difficulty in DCI design, or introduce processing complexity of UE implementation.
Based on these observations, we propose that,
Proposal 1: RAN1 should clarify whether the agreement made in RAN1#96 is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases.
Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell.
Proposal 3: The value of  depends on the following factors: 
-- the PDCCH transmission duration, 
-- the processing time, 
-- combination of numerologies of the scheduling PDCCH and the PDSCH.
Proposal 4: If a UE receives a PDCCH scheduling a PSCH with higher SCS, where the earliest possible starting point for the PDSCH is behind the type-A DMRS symbol(s) in slot n, the UE does not expect to receive a type-A PDSCH in a slot earlier than slot n+1.
Proposal 5: For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Proposal 6: For aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, the issues above mentioned can be considered.

R1-1904154	Discussion on cross-carrier scheduling with different numerologies, ZTE
Observation 1: 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.
Observation 2: Multi-slot scheduling can reduce the PDCCH blockage probability especially for the case of one lower SCS PDCCH scheduling a higher SCS PDSCH.
Observation 3: The value of minimum K0 depends on the ending symbol of PDCCH.
Proposal 1: For multi-slot scheduling, one DCI can schedule up to  DL/UL slots.
Proposal 2: To support multi-slot scheduling, add a field indicating the number of scheduled DL/UL slots in the RRC configuration IE, i.e., PDSCH-TimeDomainResourceAllocation.
Proposal 3: To support multi-slot scheduling,
· A group of TCI states can be put into a TCI state set;
· Each DCI codepoint in the scheduling DCI corresponds to one of the configured TCI state sets;
· Each TCI state within the determined set corresponds to the TCI state of each scheduled slot.
Proposal 4: Define the  as
,
where N0 is the pre-defined value that depends on the UE capability and  is to reflect other factors that may have impact on ..
Proposal 5: Define a minimum K0 for PDCCH monitoring case 1-1 and define an additional offset to cater for PDCCH ending in different symbols. Thus, =minimum K0 + OffsetPDCCH.
Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
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, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 8: 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.

R1-1904326	Cross-carrier Scheduling with Different Numerologies, Intel Corporation
Proposal 1: For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0



Proposal 2: Introducing multi-slot scheduling mechanism with different TB per slot to support continue data scheduling on scheduled CC.  

R1-1904399	Cross-carrier Scheduling with Different Numerologies, Samsung
Proposal 1: Support slot-level time gap for ∆ based on Table 1.
	Table 1. Proposed minimum values ∆ [slot(s)]

	Scheduling
Scheduled
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	4
	2
	1
	0



Proposal 2: Support multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell. To support this, following options can be considered:
· Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)
· Opt 2) Increase number of DCIs per PDCCH monitoring occasion
· Opt 3) Support multi-slot scheduling using 1 DCI
Proposal 3: If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the DCI formats for the cell.
Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.
Proposal 5: If cross-carrier scheduling is configure, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication field.
Proposal 6: If cross-carrier scheduling is configure, 3 MSB bits of the TDRA field in DCI format 0_0/1_0 validated for DL SPS/UL grant Type 2 release are used for carrier indication field.

R1-1904545	Discussion on cross-carrier scheduling with different numerologies, CATT
Observation: In case scheduling cell with smaller SCS and scheduled cell with larger SCS, the required buffer not only depends on the PDCCH processing time but also the maximum bandwidth of the scheduled cell.
Proposal 1: Both PDCCH processing time and maximum bandwidth for the scheduled cell (corresponding to numerology and frequency range) should be considered when determine the parameter .
Proposal 2: K0 determination on the scheduled cell with larger SCS should take the PDCCH monitoring occasion on the scheduling cell with smaller SCS into account.
Proposal 3: In case scheduling cell has a smaller SCS than that of scheduled cell, using a single DCI on scheduling cell to schedule data transmission throughout slots on scheduled cell.
Proposal 4: The payload size of the new DCI format should be same as one of the current DCI format. Further study the new DCI format content, e.g. contains per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer.

R1-1904720	On cross-carrier scheduling with mixed numerologies, Nokia, Nokia Shanghai Bell
Proposal-1: Adopt the same approach for the PDSCH start time definition as is used for the PUSCH start time definition, i.e. the PDSCH starts no earlier than N0 symbols after the end of the PDCCH carrying the DCI.
Proposal-2: The N0 is a function of the PDCCH SCS
Observation-1: The UE processing time from the PDSCH to HARQ-ACK is not impacted by the fact that the PDCCH and the PDSCH were on carriers in BWPs with different numerologies
Proposal-3: For the cross-carrier scheduling with different SCS, the PDSCH-to-HARQ-ACK timeline determination should otherwise follow the Rel-15 definition, but the SCS of the PDCCH should not play a role.
Proposal-4: For the cross-carrier scheduling with different SCS, consider definition of the PDCCH-to-PUSCH timeline where Rel-15 definition of N2, a function of PUCCH SCS, is additive to the N0, a function of PDCCH SCS, and the PDCCH decoding time embedded to N2 is correspondingly removed.
Observation-2: NR R15 UE with basic capability is not capable of decoding more than one DL assignment and one/two (FDD/TDD) UL grants in the single slot, and an UE with advanced capability extends this to two unicast DCIs for FDD as well.  
Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.
Proposal-7: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 

R1-1904745	Discussion on cross-carrier scheduling with different numerologies, CMCC
Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.
Observation: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will cause more control overhead and higher UE power consumption.
Proposal 2. Support of multi-slot scheduling can be considered when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Proposal 3. Additional N bits in DCI are needed together with the slot offset to indicate the multi-slot scheduling state.

R1-1904777	Discussion on cross-carrier scheduling with different numerologies, Spreadtrum Communications
Proposal 2. In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + , where  = PDCCH processing time +1 symbol

R1-1904973	Cross-carrier scheduling with different numerologies, NTT DOCOMO, INC.
Proposal 1: For cross-carrier scheduling, for a scheduled cell, enable cross-carrier deactivation of DL SPS/UL configured grant.
· Support deactivation of DL SPS/UL configured grant by DCI format 0_1/1_1.
Proposal 2: For cross-carrier scheduling, for a scheduled cell, PDCCH-order random access is supported.
· Utilize 3 MSB bits of the reserved field as the CIF field.

R1-1905142	Cross-carrier scheduling with different numerologies, Ericsson
Proposal 1  Minimum values for Δ are as shown in the following table, indicated in the number of symbols of scheduling CC numerology (and absolute time).
	
	
	Scheduling CC

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	
	
	
	

	Scheduled CC
 
 
 
	15 kHz
	N/A
	4 (142.9us)
	6 (107.2us)
	8 (71.42us)

	
	30 kHz
	2 (142.9us)
	N/A
	6 (107.2us)
	8 (71.42us)

	
	60 kHz
	2 (142.9us)
	4 (142.9us)
	N/A
	8 (71.42us)

	
	120 kHz
	2 (142.9us)
	4 (142.9us)
	6 (107.2us)
	N/A



Proposal 2: For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
Proposal 3: For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

R1-1905154	Cross-carrier scheduling with different numerologies, ASUSTEK COMPUTER (SHANGHAI)
Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  
Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier
· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for a CORESET associated with cross-carrier scheduling. 
· When ‘tci-PresentInDCI’ is not configured for the CORESET, UE receives scheduled PDSCH via a default beam, which follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 

R1-1905279	Cross-Carrier Scheduling with Different Numerologies, Qualcomm Incorporated
Observation 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the minimum scheduling time gap () should be defined for each combination of the scheduling carrier SCS and the scheduled carrier SCS.
Observation 2: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, Case 1-1 PDCCH monitoring in the scheduling cell for cross-carrier scheduling has similar effects as Case 1-2 or Case 2 PDCCH monitoring for self-scheduling. In this case, supporting Case 1-2 and Case 2 PDCCH monitoring does not have much extra benefit.
Observation 3: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, it is easier to meet the scheduling causality condition if cross-carrier scheduling PDCCH is allowed only in the first slot within the set of slots on the scheduling carrier that overlap with the slot on the scheduled carrier.
Observation 4: Cross-carrier scheduling with different numerology specification is targeted to complete by June 2019. It is important to consider selecting a core set of cases that is practical for implementation based on an early drop of Rel-16. Support for any non-essential cases can be deferred to a future release.
Observation 5: When applying the minimum scheduling time gap (∆), quantization to slot-granularity is needed to support full-slot scheduling of PDSCH to potential reach peak throughput. If this is the main use case, it would be more convenient for both NW and UE to operate with the minimum DL scheduling offset (in slot granularity) instead of ∆ in symbol-granularity.
Observation 6: Existing basic PDCCH capability has defined the number of unicast DCIs based on the slot of the scheduled cell. For the case of a lower SCS scheduling a higher SCS, there is no need to further increase the number of unicast DCI or to define the multi-slot DCI.
Proposal 1: Support for cross-carrier scheduling with different numerologies can be prioritized as follows:
· The feature for carriers with small SCS cross-scheduling large SCS is prioritized and supported in Rel-16.
· The feature for carriers with large SCS cross-scheduling small SCS can be supported in Rel-16 if the additional complexity and specification effort is small. Restrictions on the supported scenarios (e.g. SCS ratio) should be considered.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, UE indicates to the gNB the set of  based on capability signaling. Each set contains the  values for all valid combinations of the scheduling carrier SCS and the scheduled carrier SCS.
Proposal 3: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, different sets of  values should be separately defined for Case 1-1, Case 1-2 and Case 2 PDCCH monitoring. Alternatively, a worst case set of  values should be defined that work across all the supported PDCCH monitoring cases.
Proposal 4: For the case that scheduling and scheduled cells have different SCSs, the necessity to support Case 1-2 and Case 2 PDCCH monitoring should be further discussed.
Proposal 5: For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET.
· A dummy CORESET can be realized by associating a search space to a CORESET wherein the total number of PDCCH candidates that are monitored in the CORESET is set to zero.

