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1 Introduction
In RAN1 #90bis meeting [1], the following agreements on search space for NR-PDCCH have been made.
	Agreements:

· Take the same hash function of LTE EPDCCH as the hash function for NR-PDCCH

· Further refinements can be further considered till next meeting if necessary

Agreements:

· One set of the following parameters determines a set of search spaces

· A set of aggregation levels

· The number of PDCCH candidates for each aggregation level

· PDCCH monitoring occasion for the set of search spaces

Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling


In this contribution, we will discuss the design for NR-PDCCH, including search space, number of blind detections per slot and CCEs in the search space. 

2 Search space design

In RAN1 #90bis, it is agreed that the hash function of LTE EPDCCH is modified as the hash function for NR-PDCCH. The ECCEs of EPDCCH candidate m of the search space at aggregation level L is obtained by the following formula.

[image: image1.wmf]ë

û

i

L

N

b

M

L

N

m

Y

L

k

p

L

p

k

p

ECCE

k

p

+

ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

ú

ú

û

ú

ê

ê

ë

ê

×

×

+

/

mod

)

(

,

,

ECCE

)

(

,

,

,

                       (1)
For the design of search space for NR-PDCCH, we suggest that the above formula used in LTE EPDCCH is for search space for NR-PDCCH. In LTE EPDCCH, the starting ECCE index is generated on the RNTI and subframe index. Search spaces for each UE are randomized by the RNTI and subframe index. In NR, other randomization factors can be considered. The slot number should be replacing the subframe. 
For the slot index the current wrap around scheme should be supported. The slot index within the wrap around period of SFN should be counted.
Proposal 1:  For NR PDCCH, slot index should replace the subframe number in EPDCCH for generating the CCE candidate of NR. Wraparound scheme should be supported and the slot index within the wraparound period of SFN should be counted.
According to the above discussions, the search space for NR-PDCCH should be generated according to formula 1, and the relevant parameters can be found in table 1.

Table 1:  Description of relevant parameters for search space of NR-PDCCH
	Parameters
	Value
	Comments

	Yp,k
	CSS:

Yp,k = 0  

USS:
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	For USS:
k is the slot number.
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is the configured maximum number of  PDCCH blind detection for  aggregation level

	b
	b = nCI  
	nCI  is the carrier indicator field value

	NECCE,p,k
	The total number of CCEs in one CORESET
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	L
	Aggregation level
	


3 Blind detection for PDCCH
Considering the power saving and the limitation of processing capability at the side of UEs, it is nature that the number of blind detection for NR-PDCCH should be limited. Base on the same reasons, we think that the maximum CCE number of channel estimations per slot should also be limited. As one of the solution, we suggest limiting the number of CCEs over all search spaces during one slot. That will be the upper limit to help demodulating all the candidates of PDCCH possibly for a certain UE. For the case of overlapping search spaces, the overlapping CCEs could be counted as one. 
Proposal 2: NR limits the number of channel estimating CCEs over all search spaces during one slot. For the case of overlapping search spaces, the overlapping CCEs could be counted as one. 

PDCCH monitoring periodicity of 14 or more symbols
For different numerologies, the length of one slot is different to others. The processing time of PDCCH blind detection is different as well. If the maximum number of blind detection in one slot is same for different numerology, the blind detection need be finished in a shorter time for larger SCSs. Thus, greater processing burden for PDCCH blind detection will put on UE. In order to reduce the burden of PDCCH blind detection for lager SCS, it is reasonable to have the maximum number of blind detection for NR-PDCCH in one slot for larger SCSs be less than that for smaller SCSs. Similarly, the maximum number of CCE channel estimations per slot for lager SCSs should also be less.

It is assumed that X is the max number of PDCCH BDs per slot and Y is the max number of CCEs per slot where channel estimation needs to be performed in. According to the above design principles, for NR-PDCCH blind detection, we suggest a set of values (X, Y) per slot. For non-CA case with PDCCH monitoring periodicity of 14 or more symbols, the value of (X, Y) is defined as (44, 74) for SCS = 15 kHz. For scaling SCSs >= 15kHz, a set of values (X, Y) are defined as {(44, 74), (32, 52), (20, 38), (16, 30)} @ {15, 30, 60, 120} kHz.
Proposal 3：For non-CA with PDCCH monitoring periodicity of 14 or more symbols,

· For SCS = 15kHz, the value of (X, Y) per slot is defined as (44, 74)

· For scaling SCS >= 15kHz, a set of values (X, Y) per slot are defined as {(44, 74), (32, 52), (20, 38), (16, 30)} = {15, 30, 60, 120}kHz
PDCCH monitoring periodicity of less than 14 symbols
For the maximum number of PDCCH blind detection for PDCCH monitoring periodicity of less than 14 symbols, some conclusions in LTE short-TTI can be referred. In LTE short-TTI, it is agreed that maximum number of sPDCCH blind detections per 2/3-os is 6. If the number of symbols for short-TTI is assumed as 2, and then maximum number of sPDCCH blind detections in 14 symbols will be 6 * 7 = 42, which is less than 44. It can be seen from above that the maximum number of sPDCCH blind detection in LTE short-TTI is not more than 44. The accumulated number in a slot for NR PDCCH blind detection for PDCCH monitoring periodicity is not more than that of PDCCH monitoring periodicity of one slot. 
It can be further discussed in detailed design of search space on how to distribute those blind decodes into each monitoring occasion for non-slot scheduling.
Proposal 4：For non-CA with PDCCH monitoring periodicity of less than 14 symbols,

· The accumulated number in a slot for NR PDCCH blind detection for PDCCH monitoring periodicity is not more than that of PDCCH monitoring periodicity of one slot. 
4 Conclusion

In this contribution, detailed considerations on search space and blind detection for NR-PDCCH are discussed. The following proposals are given: 
Proposal 1:  For NR PDCCH, slot index should replace the subframe number in EPDCCH for generating the CCE candidate of NR. Wraparound scheme should be supported and the slot index within the wraparound period of SFN should be counted.
Proposal 2: NR limits the number of channel estimating CCEs over all search spaces during one slot. For the case of overlapping search spaces, the overlapping CCEs could be counted as one. 

Proposal 3：For non-CA with PDCCH monitoring periodicity of 14 or more symbols,

· For SCS = 15kHz, the value of (X, Y) per slot is defined as (44, 74)

· For scaling SCS >= 15kHz, a set of values (X, Y) per slot are defined as {(44, 74), (32, 52), (20, 38), (16, 30)} = {15, 30, 60, 120}kHz
Proposal 4：For non-CA with PDCCH monitoring periodicity of less than 14 symbols,

· The accumulated number in a slot for NR PDCCH blind detection for PDCCH monitoring periodicity is not more than that of PDCCH monitoring periodicity of one slot. 
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