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Introduction
In RAN #81 meeting, a Work Item on DC and CA enhancements [1] was approved. One of the objectives is to investigate enhancements to CA to support cross-carrier scheduling with different numerologies. And in RAN1 AH1901 meeting, the following conclusions were achieved.
	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
Conclusion:
Study further at least the following:
· Determine the first possible PDSCH starting point based on the timing of the last or first symbol of the scheduling PDCCH.
· Both Type A and Type B PDSCH allocation should be considered
· Consider a possibility for introducing a single solution for Type A and Type B PDSCH allocation
· PDCCH position cases 1-1, 1-2 and 2 should all be considered



For carrier aggregation, the remaining issues for cross-carrier scheduling for different numerology are discussed in this contribution.
Discussion
Schedule timing of cross-carrier scheduling with lower SCS
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]When scheduling cell is smaller SCS than its scheduled cell, extra buffer size is raised as shown in the Figure 1. After several meetings discussion, it has been focus on two methods to define the first possible PDSCH starting point. One is the last symbol of the scheduling PDCCH, the second is the first symbol of the scheduling PDCCH. 


Figure 1: buffer size in the case of cross-carrier scheduling with mix SCS
The main reason for the second definition of starting point is it can provide more scheduling resources. And the benefit for the first method is it can reduce more extra buffer size. The following section gives analysis for these two methods from the sides of PDSCH mapping type A/type B, and PDCCH position cases.
In 38.214 section 5.1.2.1, it says:
The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot. 
The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.
Obviously, PDSCH mapping type A has its strict scheduling time limit and the above statement may be not suitable for cross-carrier scheduling. For example, as shown in Figure 1, PDCCH duration is 3 symbols. It still can’t schedule a PDSCH with mapping type A for scheduled cell in this slot. Because PDCCH is within the first three symbols for the scheduling cell, but PDCCH is across first 6 symbols for the scheduled cell. And from our side of view, the first three symbols limitation should be defined from the side of scheduled cell, since the front loaded DMRS of PDSCH mapping type A is located within the first three symbols of the scheduled cell. So it can be concluded that whether PDSCH mapping type A can be scheduled depends on the PDCCH end symbol time, not PDCCH starting symbol time. So even if we use the first symbol of the scheduling PDCCH as the first possible PDSCH starting point, but its end symbol can’t within the first three symbols of the PDSCH slot, PDSCH mapping type A still can’t be scheduled. 
So our proposal is use PDCCH end symbol as the possible start point of PDSCH. And considering the processing time of PDCCH, some more symbols should be added to the start point of PDSCH. This can be used to PDSCH mapping type A and mapping type B:
If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH are within the first three symbols of PDSCH slot, PDSCH mapping type A can be scheduled. As shown in Figure 2, PDCCH monitoring occasions are 2 per slot, the first monitoring occasion is at symbol #0, and the second is at symbol #7. Not only the first occasion can schedule a PDSCH mapping type A, but also the second one can schedule. 


Figure 2: An example of PDCCH monitoring occasion = 2 per slot
If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH should be earlier than scheduled first symbol of PDSCH. From this side, use PDCCH end symbol as the possible start point of PDSCH has satisfied this limitation. 
Proposal 1. Use PDCCH end symbol as the possible start point of PDSCH.
Proposal 2. If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH are within the first three symbols of PDSCH slot, PDSCH mapping type A can be scheduled
Proposal 3. If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH should be earlier than scheduled first symbol of PDSCH.
BD/CCE limits
BD/CCE limits for cross-scheduling between cells with mixed SCS are not defined in Rel-15 NR, including the scheduling cell is of a larger SCS than the scheduled cell, and the scheduling cell is of a smaller SCS than the scheduled cell. 
For the scheduling cell is of a smaller SCS than the scheduled cell, it is a typical scenario. Smaller SCS cell can have better coverage compared with larger SCS cell, so it is natural to use smaller SCS cell as a scheduling cell to improve the reliability of PDCCH. But we not sure a scheduling cell is of a larger SCS than the scheduled cell has its benefit or implementation scenarios. So we prefer to prioritize the case of scheduling cell with a smaller SCS than the scheduled cell.
Proposal 4. Prioritize the case of scheduling cell with a smaller SCS than the scheduled cell.
For the case of scheduling cell with a smaller SCS than the scheduled cell, the three solutions addressed in RAN1 #94 meeting are listed below.
· Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
· Alt.2: The limit of BDs/CCEs of the scheduling CC is determined based on the combinations of numerologies for {scheduling CC, scheduled CC}.
· Alt.3: The limit of BDs/CCEs of the scheduling CC is determined based on a specific reference numerology regardless of the exactly used numerology for scheduling CC or scheduled CC.
Form our side of view, Alt. 1 is the most suitable solution. BD/CCE limit is calculated per numerology group. Even for the cross-carrier scheduling, BD/CCE limit of the scheduling cell contains the both scheduled BDs/CCEs and scheduling cell BDs/CCEs. This limitation is for these scheduling group, even if they are with the different SCS. 
Proposal 5. [bookmark: _GoBack]Support Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1.	Use PDCCH end symbol as the possible start point of PDSCH.
Proposal 2.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH are within the first three symbols of PDSCH slot, PDSCH mapping type A can be scheduled
Proposal 3.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH should be earlier than scheduled first symbol of PDSCH.
Proposal 4.	Prioritize the case of scheduling cell with a smaller SCS than the scheduled cell.
Proposal 5.	Support Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
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