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1 Introduction
In this paper, we discuss the remaining issues of PDCCH in Rel-15 NR, including

· Complexity of PDCCH Reception in CA,
· referenceSubcarrierSpacing in TDD UL-DL Configuration, and
· maxNrofSlotFormatCombinationsPerSet in slotFormatCombinations.
2 Complexity of PDCCH Reception in CA
The agreements about the complexity of PDCCH reception in CA are summarized in the following tables. In the tables, T (with 1<=T<=16) represents the total number of configured DL-CCs, and y (with 4<=y<=16) is the BD capability reported by UE. 
	T <= 4 or y >= T

	
	Limit of BD & CCE
	Overbooking

	Self scheduling
	Same SCS
	Non-CA limit for each CC
	Not allowed in SCell

	
	Mixed SCS
	Non-CA limit for each CC
	Not allowed in SCell

	Cross scheduling
	Same SCS
	· Total limit = (# of CCs schedulable by the scheduling CC) * (non-CA limit)

· TBD for each CC
	TBD

	
	Mixed SCS
	TBD
	TBD


	T > 4 and y < T

	
	Limit of BD & CCE
	Overbooking

	Self scheduling
	Same SCS
	· Total limit = y*(non-CA limit)

· Non-CA limit for each CC
	Not allowed in SCell

	
	Mixed SCS
	Working assumption:

· Floor{Xi /(X0 + X1 + X2 + X3) *(Mi or Ni)*y} for i-th SCS

· Non-CA limit for each CC
	Not allowed in SCell

	Cross scheduling
	Same SCS
	TBD
	TBD

	
	Mixed SCS
	TBD
	TBD


In this section, we discuss the TBD issues. They are divided into 4 cases.
2.1 Case 1: T<=4 or y>=T, Cross-carrier scheduling, Same SCS

Here we consider the scenario that, for each scheduling CC, all the DL-CCs schedulable by the scheduling CC and the scheduling CC itself have the same SCS.
In RAN1#93, the following agreement was achieved.

Agreement:
· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· Note: this is inline with the previous agreements at RAN1#92bis meeting
The remaining issue in Case 1 is the limit of BDs/CCEs for each schedulable DL-CC. Our proposal is

Proposal 1: For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and T<=4 or y >= T, the limit of BDs/CCEs of the scheduling CC per slot can be split across schedulable DL-CCs subject to the non-CA limit on each CC.

2.2 Case 2: T>4 and y<T, Cross-carrier scheduling, Same SCS
Similar to Case 1, here we consider the scenario that each scheduling CC and the DL-CCs schedulable by the scheduling CC have the same SCS. However, in Case 2, T>4 and y<T.

An example is given below to illustrate our thought. Assume y=4. Consider Figure 1, where T=7, and there are 3 scheduling CCs.
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	Figure 1. Cross-carrier scheduling, where each scheduling CC and the DL-CCs schedulable by the scheduling CC have the same SCS


For the left-most scheduling CC of 15kHz, per 1 msec (i.e., TTI of 15kHz), the total limit of BDs is Floor{(3/T)*y*44}=75; the total limit of CCEs is Floor{(3/T)*y*56}=96. The factor 3/T is because it occupies 3 DL-CCs among the total T DL-CCs. 
For the middle scheduling CC of 15kHz, per 1 msec, the total limit of BDs is Floor{(2/T)*y*44}=50; the total limit of CCEs is Floor{(2/T)*y*56}=64. 

For the left-most scheduling CC of 30kHz, per 0.5 msec, the limit of BDs is Floor{(2/T)*y*36}=41; the limit of CCEs is Floor{(2/T)*y*56}=64.

Based on the above example, our proposal for this case is as follows.

Proposal 2: For cross-carrier scheduling where the scheduling CC and all the DL-CCs schedulable by the scheduling CC have the same numerology, and T>4 and y<T, the limit of BDs/CCEs of the scheduling CC per slot is
· If there are 
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· Where 
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represent the limit of BDs and CCEs per slot for non-CA case for numerology 
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, respectively
· The total limit of BDs/CCEs can be split across schedulable DL-CCs for the same scheduling CC, subject to the non-CA limit on each CC
2.3 Case 3: T<=4 or y>=T, Cross-carrier scheduling, Mixed SCS

Here we consider the scenario that, for at least one of the scheduling CCs, the SCSs of the scheduling CC and of DL-CCs schedulable by the scheduling CC are not the same.

Assume y=6. Consider Figure 2, where T=5, and there are 2 scheduling CCs.

	
[image: image14.png]SCS = 15kHz

SCS = 30kHz

SCS = 60kHz

SCS = 15kHz

SCS = 15kHz






	Figure 2. Cross scheduling, where the SCS of each scheduling CC and the DL-CCs schedulable by the scheduling CC are not all the same


For the left-hand-side scheduling CC of 30kHz, per 0.5 msec, the total limit of BDs is Floor{44/2+36+20*2}=98, where 44/2 means 44 BDs per slot for SCS=15kHz is equally split into 2 slots of SCS=30kHz, and 20*2 is because the slot duration of SCS=30kHz is twice of the slot duration for SCS=60kHz. Similarly, the total limit of CCEs is Floor{56/2+56+48*2}=180.
For the right-hand-side scheduling CC of 15kHz, per 1 msec, the total limit of BDs is Floor{44+44}=88; the total limit of CCEs is Floor{56+56}=112. 

Based on the above example, our proposal for this case is as follows.

Proposal 3: For cross-carrier scheduling where, for at least one of the scheduling CCs, the SCSs of the scheduling CC and of DL-CCs schedulable by the scheduling CC are not the same, and T<=4 or y>=T, the limit of BDs/CCEs of the scheduling CC per slot is
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represent the limit of BDs and CCEs per slot for non-CA case for numerology 
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, respectively
· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC

2.4 Case 4: T>4 and y<T, Cross-carrier scheduling, Mixed SCS
Assume y=5. Consider Figure 3, where T=7, and there are 2 scheduling CCs.
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	Figure 3. Cross scheduling, where the SCS of each scheduling CC and the DL-CCs schedulable by the scheduling CC are not all the same


For the left-hand-side scheduling CC of 30kHz, per 0.5 msec, the total limit of BDs is Floor{(2/T)*y*44/2+(1/T)*y*36+(1/T)*y*22}=72; the total limit of CCEs is Floor{(2/T)*y*56/2+(1/T)*y*56+(1/T)*y*48}=114.
For the right-hand-side scheduling CC of 15kHz, per 1 msec, the total limit of BDs is Floor{(3/T)*y*44}=94; the total limit of CCEs is Floor{(3/T)*y*56}=120.
Based on the above example, our proposal for this case is as follows.

Proposal 4: For cross-carrier scheduling where, for at least one of the scheduling CCs, the SCSs of the scheduling CC and of DL-CCs schedulable by the scheduling CC are not the same, and T>4 and y<T, the limit of BDs/CCEs of the scheduling CC per slot is
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· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC

3 referenceSubcarrierSpacing in TDD UL-DL Configuration
In TS 38.213, the usage of the reference subcarrier spacing 
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 in TDD UL-DL configuration is not stated. To illustrate, we assume reference SCS = 15 kHz, the actual SCS = 30 kHz, and the periodicity = 5 msec. Figures 4(a) and 4(b) below depict two options for the usage. In Figure 4(a), 1 slot in the UL-DL pattern obtained from 
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 is applied to 2 slots for the actual SCS so that the link directions are the same at any time instance. In Figure 4(b), the UL-DL pattern obtained from 
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 is repeated twice.
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	Figure 4(a)
	
	Figure 4(b)


In TS 38.331, the definition of reference subcarrier spacing is given as below. The yellow part refers to the mapping in Figure 4(a).

	referenceSubcarrierSpacing
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the actual subcarrier spacing using for data transmission. Only the values 15, 30 or 60 kHz  (<6GHz) and 60 or 120 kHz (>6GHz) are applicable. The network configures a not larger than any SCS of configured BWPs for the serving cell. Corresponds to L1 parameter 'reference-SCS' (see 38.211, section FFS_Section)


The usage of the reference subcarrier spacing in TDD UL-DL configuration should be specified in RAN1 specification. We propose

Proposal 5: The following text is inserted in TS 38.213 Section 11.1.
Each slot in a higher layer parameter TDD-UL-DL-Pattern is applicable to 
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 consecutive slots in the active DL BWP and UL BWP pair where the first slot starts at a same time as a first slot for the reference subcarrier spacing configuration of 
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 and each downlink or flexible or uplink symbol for the reference subcarrier spacing configuration of 
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 consecutive downlink or flexible or uplink symbols for the subcarrier spacing configuration 
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4 maxNrofSlotFormatCombinationsPerSet in slotFormatCombinations

In TS 38.331, the SFI table has the maximum numbers of rows and columns equal to maxNrofSlotFormatCombinationsPerSet and maxNrofSlotFormatsPerCombination, respectively. In RAN1#92bis, it was agreed that 

Agreements:
· Limit the size of the UE-specific SFI table to a max total of 512 values across all entries in Rel 15.
Based on this agreement, the parameter maxNrofSlotFormatCombinationsPerSet in TS 38.331 was changed from 4096 to 512 in RAN2#102. 
However, setting maxNrofSlotFormatCombinationsPerSet as 512 is still too large. This value 512 is used only when each SlotFormatCombination has only 1 entry. Such large value is unnecessary and wastes UE storage size. We propose to reduce the value to be 256.

Proposal 6: Set maxNrofSlotFormatCombinationsPerSet as 256.

5 Conclusion
In this contribution, some open issues in NR Rel-15 PDCCH design were discussed. We have the following proposals.

Proposal 1: For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and T<=4 or y >= T, the limit of BDs/CCEs of the scheduling CC per slot can be split across schedulable DL-CCs subject to the non-CA limit on each CC.
Proposal 2: For cross-carrier scheduling where the scheduling CC and all the DL-CCs schedulable by the scheduling CC have the same numerology and T>4 and y<T, the limit of BDs/CCEs of the scheduling CC per slot is
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· Where 
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represent the limit of BDs and CCEs per slot for non-CA case for numerology 
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· The total limit of BDs/CCEs can be split across schedulable DL-CCs for the same scheduling CC, subject to the non-CA limit on each CC
Proposal 3: For cross-carrier scheduling where, for at least one of the scheduling CCs, the SCSs of the scheduling CC and of DL-CCs schedulable by the scheduling CC are not the same, and T<=4 or y>=T, the limit of BDs/CCEs of the scheduling CC per slot is
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· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC
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· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC

Proposal 5: The following text is inserted in TS 38.213 Section 11.1.
Each slot in a higher layer parameter TDD-UL-DL-Pattern is applicable to 
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 consecutive slots in the active DL BWP and UL BWP pair where the first slot starts at a same time as a first slot for the reference subcarrier spacing configuration of 
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 consecutive downlink or flexible or uplink symbols for the subcarrier spacing configuration 
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Proposal 6: Set maxNrofSlotFormatCombinationsPerSet as 256.
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