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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96 meeting [1], the following agreements were achieved:
Agreements:
· At least for the 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 + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 

Agreements:
· 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.
· Change the definition of NcellsDL, to “the number of configured DL-CCs whose scheduling cell is with active DL BWP having SCS configuration ” as in Section 10.1 of 38.213
In this contribution, the detailed timing value of cross-carrier scheduling   and multi-slot scheduling are further discussed.
Support of higher SCS on scheduling cell and Uplink CA
In RAN#83 discussion, it was endorsed that “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 and includes uplink cross-carrier scheduling with different numerologies between scheduled cell and scheduling cell”[2].
For the case of scheduling cell with higher SCS than scheduled cell and uplink cross-carrier scheduling with different numerologies, both the resource scheduling (K0 and K2 definition) and processing time  definition (N1 and N2) are considered in current specification. No additional specification impact has been found to include the new cases.
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. 
		
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]
Timing of cross-carrier scheduling with different numerologies 
For the case of cross-carrier scheduling with higher SCS PDCCH and lower SCS scheduled PDSCH, no extra buffer issue exits for the UE. The scheduling timing in current specification could be reused.
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. 



[bookmark: _Ref4079125]Figure 1 Timing for the case of lower SCS PDCCH scheduling a higher SCS PDSCH
According to the agreements in the last meeting, for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, a delta () larger than zero is expected between the end of the PDCCH and the earliest possible starting point for the PDSCH. The delta includes the PDCCH processing time for the PDSCH scheduling, as shown in Figure 1. The value of delta is related to the number of non-overlapped CCEs and the number of monitored PDCCH candidates for the scheduled cell. Furthermore, the number of scheduled cells scheduled by the scheduling cell may also impact on the value of delta. In addition, the feature of the search space sharing for CA can combine the PDCCH candidates monitoring for different cells in a same search space. Whether the searchSpaceSharingCA-DL is enabled will affect the value of delta.
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[bookmark: _Ref62564]Figure 2 PDCCH Case 1-2 and Case 2
The same value of delta can be used for PDCCH case 1-1, case 1-2 and case 2.
The value of delta can be an absolute time in microsecond. To align with the UE PDSCH processing time in current specification, the number of symbols on the scheduling cell is used for the absolute time. The numerology is determined by the lower SCS on scheduling cell with larger processing time. And the value of delta can be used in the case of both normal and extended cyclic prefix.
The absolute time of delta can be derived from the following formula:

Considering factors discussed above, at least the delta can be 1 symbol for 15 kHz or 30 kHz SCS on the scheduling cell and 2 symbols for 60 kHz SCS on the scheduling cell, if searchSpaceSharingCA-DL is not enabled. The impact when searchSpaceSharingCA-DL is enabled may need further investigation.
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.
Multi-slot scheduling
In case of lower SCS PDCCH scheduling higher SCS PDSCH, more valid DCIs on the scheduling cell need to be monitored for a UE. To meet this requirement, three options were proposed to solve this issue:
· Option 1: Single-slot scheduling 
· Option 2: Multi-slot scheduling with different TB per slot 
· Option 3: Multi-slot scheduling with one TB across multiple slots[3]
For Option 1, PDCCH candidates monitoring for more valid DCIs on the scheduling cell per slot is required, which will significantly increase the DCI overhead and UE processing complexity. For both Option 2 and Option 3, benefit of reduced DCI overhead can be achieved. The principle of Option 3 can be illustrated in Figure 3. Compared with Option 2, there are three merits for Option 3: less HARQ processes needed, lower MAC/CRC overhead and more coding gain. For example, the scenario shown in Figure 4, 30 kHz SCS PDCCH schedules 120 kHz SCS PDSCH in unpaired spectrum and PUCCH with HARQ feedback is only transmitted on 30 kHz SCS scheduling cell. Option 3 has additional great peak throughput improvement due to utilization of full number of HARQ processes on the scheduled cell compared with that for Option 1 and Option 2.
[image: ]
[bookmark: _Ref4086577]Figure 3 multi-slot scheduling with a TB across multiple slots
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[bookmark: _Ref4086823]Figure 4 limited number of HARQ processes for single slot cross-carrier scheduling
In unpaired spectrum, typical slot configuration 4:1  for both scheduling cell and scheduled cell is assumed in the considered scenario. Two slots PDSCH processing time on the scheduled cell and two slots gNB PUCCH processing time on the scheduling cell are used in the evaluation. According to the simulation results in the companion contribution [4], up to 54% peak throughput gain of Option 3 can be observed. 
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.
According to the analysis of these three options above for contiguous data transmission, the following proposal is provided:
Proposal 3: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.
Conclusion
[bookmark: _GoBack]According to the above discussions, we have the following observations and proposals:
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.
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