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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.
During the RAN1#96b meeting, for contiguous cross-carrier scheduling from lower SCS to higher SCS for PDSCH, following options were discussed[2],
· Option 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Option 2: Single-slot scheduling and capability FG 3-5b (2,2)
· Note: this allows to schedule one DL DCI and two UL DCI (TDD) in scheduling cell for corresponding slot of the scheduled cell  
· Note: capability FG 3-5b (2,2) is mandatory for UE supporting cross-carrier scheduling feature
· Option 3: Multi-slot scheduling with different TB per slot  
· Option 4: Multi-slot scheduling with one TB across multiple slots 
In this contribution, multiple slots scheduling for scheduled cells with cross-carrier scheduling from lower SCS to higher SCS for PDSCH will be discussed.
This contribution is modified from R1-1904745.
2. 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 of 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 1, 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 are required for CC1, resulting in 15 DCIs in CC1 for the 5ms duration.

[image: ]
Figure 1. Example of different SCS for scheduling CC and scheduled CC
On one hand, if the control region is restricted to the first 3 OFDM symbols in scheduling CC, the blocking probability will be high since more PDCCHs will be transmitted in the control region. On the other hand, if we don’t want to increase the blocking probability to convey DCIs for scheduled cell, the control region of each slot shall be 3 times of that of self scheduling case, which is also not desired.
Observation: When the SCS of scheduled CCs are larger than that of scheduling CC, single slot cross-carrier scheduling will cause higher control overhead in scheduling CC or higher blocking probability.
Currently in TS 38.214 [4], the SCSs of PDCCH, PDSCH together with DCI slot index and slot offset 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 1, 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.
One solution to solve this problem is supporting of multi-slot cross-carrier 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.
With multi-slot scheduling, the control resource overhead or blocking probability will be significantly reduced in scheduling cell and UE power consumed to monitor PDCCH can also be reduced.
Proposal 1.Multi-slot scheduling for scheduled cell is supported when cross-carrier scheduling from lower SCS to higher SCS is applied.
There are two alternatives to realize multi-slot cross-carrier scheduling.
1) Alt 1: One N bits information field is added in the DCI to help distinguishing different multi-slot scheduling states. 
In this case, N bits are used together with the time domain allocation table to indicate the scheduling state. The value of N bits is represented by M. Here the scheduling state means the number of simultaneously scheduled slots and the locations of them during each scheduling slot.

Take F=μPDSCH ⁄μPDCCH =4 as an example, there are four slots in the scheduled cell during one slot duration of scheduling cell. Therefore, the maximum number of simultaneously scheduled slots is four in scheduled cell, and totally 15 scheduling states (-1, to exclude the states of zero slot scheduling) shall be considered. As shown in Figure 2, 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.
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Figure 2. Scheduling states for μPDSCH⁄μPDCCH =4
When PDSCH/PUSCH in higher SCS cell is cross-scheduled, the K0/ K2 are counted according to SCS of PDSCH/PUSCH. In the following description, K0 is take as an example. Once a gNB wants to schedule a multi-slot transmission, it should first locate the four slots and the scheduling state, and then decide the K0 value, which will be indicated by Time domain resource assignment field and also decide the newly added N bits field value. As shown in figure.3, gNB wants to schedule slot 12 and 13 in CC2 with cross carrier scheduling from CC1 in slot 1. 
· Step 1: determine the four slot locations and scheduling state of the multi-slot scheduling.

Since the four slots correspond to the same slot on scheduling cell CC1, to locate the four slots, e.g., j1, j2, j3 and j4 is to locate the slot index x on CC1, where the scheduled slot index j1, j2, j3, j4 or part of them on CC2 satisfy: . In figure.3, slot 12 and 13 correspond to slot 3 in CC1, that is x=3.
Since slot 12 and 13 are the first two slot of 12~15, the scheduling state is 4 by checking scheduling state table in figure.2.
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Figure 3. one multi-slot scheduling example of μPDSCH⁄μPDCCH =4
· Step 2: Decide the K0 value and N bits value M. 
The binary bits of K0 are divided into two parts, the high H bits and low L= log2(F) bits. The maximum K0, e.g. K0,max in the Time domain resource allocation table determines the total number of bits, which is Nk=H+L. Suppose K0,max=15 in this example, F=4, then Nk =4, and H= Nk-L=2. 

[bookmark: _GoBack]Since K0 is counted with SCS of CC2, the following relations is true,, where n is the scheduling slot index on CC1 and x is the slot index on CC1 corresponding to the scheduled slots of scheduled cell. It can be seen from the realtion formula that the value of high H bits of K0 is determined by the value of (x-n). For example of figure.3, K0 is in the range of {8,9,10,11}, n=1, and x=3. Then the bits value of H is x-n=2, that is H=2 bits equals to “10”. 


The bits values of L and N are determine by the scheduling state, e.g., in figure 3, F=4 and there are 15 (that is) scheduling states, except for L=log2(F)=2 bits, additional =2 bits are needed together with L to indicate the scheduling states. Since scheduling state index 4 corresponds to “0100”, N(2bits,”01”)+L(2 bits, “00”) are used to indicate the scheduling state, Therefore, K0 value is “1000” by connecting the H bits and L bits, K0=8, and N bits “01” corresponding to M=1.

2) Alt 2: Time domain resource allocation table is RRC configured with multiple slot offsets for table entries.
For single slot scheduling, the “TimeDomainResourceAllocation” is configured with a single k0 value, as shown in the below PDSCH-TimeDomainResourceAllocationList information element. By configuring k0 as an integer set with multiple values, a single DCI can schedule multi-slot simultaneously. 
PDSCH-TimeDomainResourceAllocationList information element
-- ASN1START
-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START


PDSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::=   SEQUENCE {
    k0                                      INTEGER(0..32)                                                     OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}

-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

For example, to schedule multiple slots with x-n smaller than 3, the k0 sets corresponding to 16 entries of TimeDomainResourceAllocation table can be {0}, {0,1}, {0,1,2}, {0,1,2,3}, {4}, {4,5}, {4,5,6}, {4,5,6,7}, {8}, {8,9}, {8,9,10},{8,9,10,11}. Where {4,5,6} means slot the slots with slot offset of 4,5,6 are simultaneously scheduled.
[image: ]
Figure.4 k0 sets of multi-slot scheduling

Comparing alt. 1 and alt. 2, two additional bits are introduced for alt.1, and if no more entries are introduced for alt.2, more flexible multi-slot scheduling can be realized by option1. For example, to realize the multi-slot scheduling in figure.4, since x-n smaller than 3, H=2, and high H bits can be set to “00”, “01”, “10”, “11” respectively to schedule slots coresponding to x, where x-n=0,1,2,3. The scheduling states are 0(0000), 4(0100), 10(1010), 14(1110) for the one slot, two slots, three slots, and four slots scheduling, then values of N are “00”, “01”, “10”, and “11” respectively, while L are “00”, “00”, “10”, and “10”. As a result, the number of combined K0 values are 4(four values for H bits)*2(two values for L bits)=8. If totally 16 entries for the TimeDomainResourceAllocation table are configured, there are still 8 entries to realize different SLIVs or different scheduling states. Which means more flexible multi-slot scheduling.
For alt. 2, there is less spec impact and no additional fields in DCI is needed, only need to support multiple K0 offset values for each TimeDomainResourceAllocation configuration.
Proposal 2. The following two alternativess can be considered to realize multi-slot scheduling.
· Alt 1. N bits information field is added in the DCI to help distinguishing different multi-slot scheduling states. 
· Alt 2. Time domain resource allocation table is RRC configured with multiple slot offsets in table entries.

3. Conclusions
In this contribution, multiple slots scheduling schemes for cross-carrier scheduling from lower SCS to higher SCS are discussed. The following observation and proposals are made.
Observation: When the SCS of scheduled CCs are larger than that of scheduling CC, single slot cross-carrier scheduling will cause higher control overhead in scheduling CC or higher blocking probability.
Proposal 1.Multi-slot scheduling for scheduled cell is supported when cross-carrier scheduling from lower SCS to higher SCS is applied.
Proposal 2. The following two alternativess can be considered to realize multi-slot scheduling.
· Alt 1. N bits information field is added in the DCI to help distinguishing different multi-slot scheduling states. 
· Alt 2. Time domain resource allocation table is RRC configured with multiple slot offsets in table entries.
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