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1	Introduction
In this contribution, we discuss the design issues for other topics.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk525736098]2.1	Rel-16 BD/CCE for cross-carrier scheduling with different numerologies
[bookmark: _Ref520278783]Cross-carrier scheduling with different numerologies are postponed to Rel-16. For information purpose, we provide our views on BD/CCE for cross-carrier scheduling with different numerologies in this section. 
Cross-carrier scheduling with different numerologie may be useful when the PDCCH coverage of a CC in FR2 is not good enough, and the PDCCH in a CC in FR1 is used to schedule the CC in FR2. So in our view low numerology scheduling high numerology would be the main use case.
[bookmark: _Toc525736769]Low numerology scheduling high numerology seems to be the main use case for cross-carrier scheduling with different numerologies.
Two high level options were discussed in RAN1#93. To facilitate the discussions, we show two examples in Figure 1.
· Option 1 based on the scheduling cell’s numerology: # of BDs in a scheduling-cell slot = (# of BDs of the scheduling-cell in non-CA case) * (# of CCs)
· In the Example 1 in Figure 1: # of BDs in 1 ms = 44 * 2 = 88.
· In the Example 2 in Figure 1: # of BDs in 0.5 ms = 36 * 3 = 108.
· Option 2 based on the scheduled cell’s numerology: # of BDs in a scheduling-cell slot = (# of BDs of the scheduled-cell in non-CA case) * (# of CCs)
· In the Example 1 in Figure 1: # of BDs in 0.125 ms = 20 * 2 = 40. So # of BDs in 1 ms = 320.
· In the Example 2 in Figure 1: there is a question on which numerology of the scheduled CC should be used as the reference. Since option 2 targets at high end numbers, the highest numerology of the scheduled CCs should be chosen as the reference. In this case, with 120 kHz as the reference, # of BDs in 0.125 ms = 20 * 3 = 60. So # of BDs in 1 ms = 480.
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[bookmark: _Ref520286900]Figure 1: Two illustration examples for cross-carrier scheduling with different numerologies

Clearly, Option 1 based on the scheduling cell’s numerology is conservative, targeting low end BD/CCE limits which restricts the scheduling flexibility. In contrast, Option 2 based on the scheduled cell’s numerology is more forward looking, targeting high end BD/CCE limits which enables flexible scheduling. It is however understood that Option 2 is more demanding for UE implementation. 
[bookmark: _Toc525736770]For cross-carrier scheduling with different numerologies, in the case of low numerology scheduling high numerology, BD/CCE limits based on the scheduling cell may restrict the scheduling flexibility. BD/CCE limits based on the scheduled cell is more forward looking and enables flexible scheduling. The latter option is however more demanding than the former in terms of UE implementation.
One possible compromise that maintains a good level of scheduling flexibility while being less demanding in terms of UE implementation is to derive the BD/CCE limits based on proportional sum of all the BDs across all the CCs within a scheduling-cell slot. If a scheduled cell has a lower numerology than the numerology of the scheduling cell, the number of BDs counted from the scheduled cell is proportional to the fraction of the scheduled-cell slot. Consider the two examples in Figure 1.
· In the Example 1 in Figure 1: # of BDs in 1 ms = 44 + 20*8 = 204.
· In the Example 2 in Figure 1: # of BDs in 0.5 ms = 44/2 + 36 + 20*4 = 138.

Table 1 gives a summary comparing the different options for BD/CCE limits for cross-carrier scheduling with different numerologies.
[bookmark: _Ref520289012]Table 1: Summary of different options for BD/CCE limits for cross-carrier scheduling with different numerologies
	Option
	Description 
	Example 1:
# of BDs in a 15 kHz slot
	Example 2:
# of BDs in a 30 kHz slot

	Option 1: based on scheduling cell’s numerology
	# of BDs in a scheduling-cell slot = (# of BDs of the scheduling-cell in non-CA case) * (# of CCs)
	88
	108

	Option 2: based on scheduled cell’s numerology
	# of BDs in a scheduling-cell slot = (# of BDs of the scheduled-cell with the highest numerology in non-CA case) * (# of CCs)
	320
	480

	Option 3: proportional sum of BDs
	# of BDs in a scheduling-cell slot = proportional sum of BDs within a scheduling-cell slot
	204
	138



Option 3 with proportional sum of BDs for cross-carrier scheduling with different numerologies can be concisely described as follows.
· For the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is 

· For the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is 

· Here,
·  is the numerology of the scheduling CC
·  is the index for numerology  of the scheduled CCs
·  denotes the limit of BDs/CCEs for non-CA case for numerology 
·  is the number of CCs with numerology  schedulable by the scheduling CC

Note that Option 3 is consistent with existing agreements for cross-carrier scheduling with same numerology. If there is only one single value of , Option 3 results in the same BD/CCE limits as in the case of cross-carrier scheduling with same numerology.
So far, we have been discussing BD/CCE limits separately for self-scheduling and cross-carrier scheduling. It is possible that self-scheduling and cross-carrier scheduling can be configured simultaneously. For example, there may be 4 CCs in FR1 and 1 CC in FR2. 3 CCs in FR1 use self-scheduling, while 1 CC in FR1 schedules itself and schedules the CC in FR2. This mixed scheduling case can be treated in the following way. 
· For the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the number of BDs/CCEs on each CC is subject to 
· the non-CA BD/CCE limit on each self-scheduling only CC 
· the BD/CCE limit on each cross-carrier scheduling CC 
· The limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology  is the number of CCs with numerology  schedulable by the scheduling CC
· For the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to 
· the non-CA BD/CCE limit on each self-scheduling only CC
· the BD/CCE limit for self-scheduling for numerology i is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y}, where Xi denotes the number of CCs with the numerology i 
· the BD/CCE limit on each cross-carrier scheduling CC 
· The limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology  is the number of CCs with numerology  schedulable by the scheduling CC

In other words, when self-scheduling and cross-carrier scheduling are configured simultaneously, as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are met, it is up to the network to assign BDs/CCEs across the scheduling CCs.

[bookmark: _Toc525736771][bookmark: _Hlk513719760]For a mixed scheduling scenario with both self-scheduling and cross-carrier scheduling, it can be up to the network to assign BDs/CCEs across the scheduling CCs as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are respected.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Low numerology scheduling high numerology seems to be the main use case for cross-carrier scheduling with different numerologies.
Observation 2	For cross-carrier scheduling with different numerologies, in the case of low numerology scheduling high numerology, BD/CCE limits based on the scheduling cell may restrict the scheduling flexibility. BD/CCE limits based on the scheduled cell is more forward looking and enables flexible scheduling. The latter option is however more demanding than the former in terms of UE implementation.
Observation 3	For a mixed scheduling scenario with both self-scheduling and cross-carrier scheduling, it can be up to the network to assign BDs/CCEs across the scheduling CCs as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are respected.
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