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1. [bookmark: _Toc120549591]Introduction
At RAN#81 meeting, the WID on DC and CA enhancements was approved [1], one of the objectives is cross-carrier scheduling with different numerologies as the following,
5. Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only.
· Target completion by RAN#84.
In this contribution, two issues including PDCCH monitoring in scheduling carriers and multiple slots scheduling in scheduled carriers will be discussed.
2. PDCCH monitoring occasion in scheduling carrier
In NR R15, the CORESET and search space configuration is configured for each serving cell by RRC signalling, respectively. In addition, higher layer parameters CrossCarrierSchedulingConfig [2] will configure the serving cell is scheduling cell or scheduled cell. That is the CORESET and search space configuration of scheduling cell and scheduled cell is independent to each other.



To determine PDCCH monitoring occasion, PDCCH monitoring periodicity and PDCCH monitoring offset are configured in search space configuration. As in TS 38.213 [3] as the following, the calculation of PDCCH monitoring occasion is not only related to the higher layer parameters configuration, but also associated to the slot number  and slot number which have the relationship with the carrier numerology .





“A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set  in control resource set , the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number  [4, TS 38.211] in a frame with number  if .”

When the scheduling cell and scheduled cell have the same numerology, the determination of PDCCH monitoring occasion will work well. However, for cross-carrier scheduling with different numerologies, because that the PDCCH monitoring parameters are configured in scheduling cell and scheduled cell independently and the slot number  are different in two carriers, the determination of PDCCH monitoring occasion will be ambiguous. 







Figure 1 illustrates two different examples. In Figure 1(A), the scheduled cell is 30kHz with  and the scheduling cell is 15kHz with . The higher layer parameters configured in the scheduled cell contains the PDCCH monitoring periodicityand the PDCCH monitoring offset . If the PDCCH monitoring occasion determination is based on the numerology of scheduled cell 30kHz, the calculated PDCCH monitor slot numbers according to  is 1, 6, 11 and 16. But the PDCCH is actually monitored in scheduling cell with numerology 15kHz and the maximum slot number is 9, and only slot number 1 and 6 can be found in the scheduling cell which causes the misunderstanding of PDCCH monitor occasion determination. In Figure 1(B), the scheduling cell is 30kHz and the scheduled cell is 15kHz, the PDCCH monitoring periodicityand the PDCCH monitoring offset  are configured in the scheduled cell. In this case, the calculated PDCCH monitoring slots number is 1 and 6 based on 15kHz, and the slot number 11 and 16 can’t be calculated which reduce half PDCCH monitoring occasions in the scheduling cell.


Figure 1. PDCCH monitoring occasion determination based on different numerologies
Two simple schemes can solve this problem as the following: 
Option 1. The PDCCH monitoring occasion determination is based on the numerology of scheduling cell and ignore the numerology of scheduled cell. 
Option 2. The PDCCH monitoring occasion determination is based on the numerology of scheduled cell and the calculated slot numbers found in scheduling cell will be the actual PDCCH monitoring occasions.
For the example in Figure 1(A), if option 1 is used, the calculated PDCCH monitoring slot numbers is 1 and 6 which can be found in the scheduling cell. If option 2 is used, the calculated PDCCH monitoring slot numbers is 1, 6, 11 and 16, but only 1 and 6 can be found in the scheduling cell, so the actual PDCCH monitoring occasion in the scheduling cell is 1 and 6.
For the example in Figure 1(B), if option 1 is used, the calculated PDCCH monitoring slot numbers is 1, 6, 11 and 16 which can be found in the scheduling cell. If option 2 is used, the calculated PDCCH monitoring slot numbers is 1, 6 and can be found in the scheduling cell, but the slot number from 10 to 19 can’t be determined as the PDCCH monitoring occasion which reduce the PDCCH monitoring occasions in the scheduling cell.
Form the above discussion, option 1 is a better scheme to solve the PDCCH monitoring occasion determination problem in cross-carrier scheduling with different numerologies.
Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.
3. Support of multiple slots scheduling
When cross-carrier scheduling is applied to CA with different numerologies, the scheduled CCs may have different number of slots to be scheduled from scheduling CC for the same time duration. In the case larger SCS for scheduled cell, the number of PDCCHs used to convey DCI may be crowded in scheduling cell.
For example, as shown in Figure 2, CC1 is scheduling CC with SCS of 15KHz, and CC2 is the scheduled CC with SCS of 30KHz. For each subframe 1ms, there is only one slot to be scheduled in CC1, while 2 slots to be scheduled in CC2. Then to schedule slot 1~slot9 in CC2, totally 10 DCIs are required, while only 5 DCIs required for CC1.
[image: ]
[bookmark: _GoBack]Figure 2. Example of different SCS for scheduling CC and scheduled CC
The problem with so many DCIs in CC1 is that, more resources are consumed to convey PDCCHs, and the blocking probability will be high. On the other hand, UE has to decoding more PDCCHs, resulting in high power consumption.
Currently in TS 38.214 [4], the SCSs of PDCCH, PDSCH together with DCI slot index determine the slot index scheduled, as stated in section 5.1.2.1,



The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively.
As shown in Figure 2, to schedule slot 6 and 7 in CC2 in slot 1 of CC1, two DCIs with k0=4 and 5 shall be transmitted, UE has to finish all the blind decodings to check whether more than one DCIs are transmitted in one scheduling slot. And what’s more, the basic UE capability 3-1 of R15 UEs are “5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD; 6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD”. Thus with this capability, it is impossible to schedule two downlink slots with two DCIs in one slot of CC1.
Observation: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will result more control overhead and higher UE power consumption, and the requirement for UE capability is high.
One solution to solve this problem is support of multi-slot scheduling when scheduling CCs with larger SCS. Specifically, all the slots corresponding to the same slot in scheduling CC are scheduled by one DCI. That is one DCI carries scheduling information for slot 0/ 1, one DCI for 2/3, one DCI for 4/5, etc.
To realize this, one N bits information field is needed in the DCI to distinguish either the scheduling information is for part of the slots or all the slots. The value of N bits is represent by M.
· For , N=1.
In this case, the number of scheduled slots corresponding to one scheduling slots is two, and only 3 scheduling states exists, that is the first slot, the second slot and both slots. 

Firstly, based on the slot offset K0, UE can determine the scheduled slot range. Supposing , then the scheduled slot is in the range of .

Then UE determines the scheduling state, which means the number and location of the scheduled slots within the range. Supposing, with the N bits value M and i, by looking up the scheduling indication table, UE can determine the scheduled state.
Take Figure 2 as an example, DCI is transmitted in slot 1 of CC1, with M=0, K0=4, UE can determine the scheduled slot range is slot 6~7. Since i=mod (4, 2) =0, M=0, by checking Table.1 the scheduling slot is the first slot of 6~7, that is slot 6. With M=0, K0=5, i will be 1, the scheduling slot is slot7. With M=1, no matter the K0 is 4 or 5, the DCI schedules both slots. The scheduling indication are summarized in Table.1
Table 1. Scheduling indication within one DCI for 
	M
	Scheduling state

	
	i
	the first slot
	the second slot

	0
	0
	
	　

	
	1
	　
	

	1
	0/1
	
	



· For , N=2;
For this case, the number of scheduled slots corresponding to one scheduling slots is four. And totally 15 scheduling states shall be considered. As shown in Figure 3, the scheduled slots 1,2,3,4 corresponding to the four slots during one scheduling slot. Scheduling state 0 means only the first slot is scheduled, and scheduling state 10 means the first 3 slots are simultaneously scheduled by the same DCI.

[image: ]
Figure 3. Scheduling states for μ_PDSCH⁄μ_PDCCH =4
With M and K0, only N=2 bits is required to tell UE the currently scheduled slot combination for the DCI. The indications in one DCI to distinguish different scheduling states are summarized in Table.2. M=0 and i=1 means the scheduling state 1 in Figure 3.

As shown in Figure 4(a), M=0, K0 =5, UE can determine the scheduled slot range by DCI in slot 1 of CC1 is , that is slot 8~11. Then i=mode (5, 4) =1, M=0, by checking table2, the scheduling state is 1, that is the second slot of 8~11 is scheduled, which means slot 9 is scheduled. In Figure 4(b), M=1, K0 =4, the scheduled slot range is 8~11. And i=mode (4, 4) =0, M=1 corresponding to scheduling state 4, that is the first 2 slots of slot 8~11 are scheduled on the scheduled CC.
Table 2. Scheduling indication within one DCI for 
	M
	Scheduling state

	0
	value 0~3 of i, corresponding to scheduling state 0~3

	1
	value 0~3 of i, corresponding to scheduling state 4~7

	2
	value 0~3 of i, corresponding to scheduling state 8~11

	3
	value 0~3 of i, corresponding to scheduling state 12~14




[image: ]
(a) scheduling state 1
[image: ]
(b) scheduling state 4
Figure 4. Scheduling indication for multi-slot scheduling
· For , N=5;
For this case, the number of scheduled slots corresponding to one scheduling slots is 8. And totally 255 scheduling states shall be considered. As shown in Table.3, where C(n,k) denotes the number of k-combinations from a given set S of n elements.
Table 3. Scheduling states for 
	Scheduling state
	Scheduled slots corresponding to one scheduling slots
	notes

	0
	1
	C(8,1), resulting 8 states

	1
	2
	

	2
	3
	

	3
	4
	

	4
	5
	

	5
	6
	

	6
	7
	

	7
	8
	

	8
	1,2
	C（8,2）resulting 28 states

	9
	1,3
	

	10
	1,4
	

	11
	1,5
	

	12
	1,6
	

	13
	1,7
	

	14
	1,8
	

	15
	2,3
	

	16
	2,4
	

	17
	2,5
	

	18
	2,6
	

	19
	2,7
	

	20
	2,8
	

	21
	3,4
	

	22
	3,5
	

	23
	3,6
	

	24
	3,7
	

	25
	3,8
	

	26
	4,5
	

	27
	4,6
	

	28
	4,7
	

	29
	4,8
	

	30
	5,6
	

	31
	5,7
	

	32
	5,8
	

	33
	6,7
	

	34
	6,8
	

	35
	7,8
	

	36~91
	3 slots out of 8
	C(8,3), 56 states

	92~161
	4 slots out of 8
	C(8,4), 70 states

	162~217
	5 slots out of 8
	C(8,5), 56 states

	218~245
	6 slots out of 8
	C(8,6), 28 states

	246~253
	7 slots out of 8
	C(8,7), 8 states

	254
	8 slots out of 8
	C(8,8), 1 state


With M and K0, the indication in one DCI to distiguish different scheduling states are summarized in Table.4
Table 4. Scheduling indication within one DCI for 
	M
	Scheduling state

	0
	value 0~7 of i, corresponding to scheduling state 0~7

	1
	value 0~7 of i, corresponding to scheduling state 8~15

	2
	value 0~7 of i, corresponding to scheduling state 16~23

	3
	value 0~7 of i, corresponding to scheduling state 24~31

	4
	value 0~7 of i, corresponding to scheduling state 32~39

	5
	……

	6
	……

	7
	……

	8
	……

	9
	……

	10
	……

	11
	……

	12
	……

	13
	……

	14
	……

	15
	……

	16
	……

	17
	……

	18
	……

	19
	……

	20
	……

	21
	……

	22
	……

	23
	……

	24
	……

	25
	……

	26
	……

	27
	……

	28
	……

	29
	……

	30
	8 values of k0, corresponding to scheduling state 240~247

	31
	8 values of k0, corresponding to scheduling state 248~254



Apparently, the method can also be used to uplink although the above examples taking downlink as example. With this method, the control channel overhead can be reduced and the decoding complexity of UE can also be reduced.
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.
4. Conclusions
In this contribution, two issues including PDCCH monitoring in scheduling carriers and multiple slots scheduling in scheduled carriers are discussed. and the following observation and proposals are made.
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 result 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.
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