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1 Introduction
The following were agreed in previous RAN1 meetings with respect to search space design [1].
Agreements:

· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration

· CORESET is removed from the search space configuration

· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]

· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]

Agreements:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

· The numbers in bracket in the following table can be further adjusted but not to be increased

· X<=16, Y<=8

· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2

	Max no. of PDCCH 
BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]


Conclusion:

· RAN1 common understanding is that the PDCCH channel estimation complexity is not negligible at least in some cases.

· FFS: Possible solutions to resolve the channel estimation complexity issue together with the impact on PDCCH blocking probability

· Opt.1: Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates”

· Note: the overlapped CCEs associated with different CORESETs are counted separately.

· FFS: CCEs for the same precoder-granularity are counted as one channel estimation

· FFS: whether/how to handle the variation on the actual number of CCEs for PDCCH channel estimation and BDs over time

· Application of overbooking is considered

· Strive for not having specific UE capability to report the maximum number of CCEs for PDCCH channel estimation.

· Study the solutions considering the cases 1-1, 1-2, 2, and 2’.

· Opt.2: Modify the hashing function

· Opt.3: Increase the size of the precoder granularity

Also, the following agreement was made in RAN1 NR adhoc#2 [2]. 

Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space

· FFS: Signalling details

· Note that the number of candidates can be zero

· UE blind decoding capability is known by NW

· FFS: How the capability is derived
This contribution continues discussions on CORESET configuration and search space design aspects. 

2 On CORESET configuration and search space design
2.1 Discussions on the number of blind decodings (BDs)
In the previous meeting, the maximum number of BDs per slot (Xslot) is agreed. For Case 2 (i.e., PDCCH monitoring periodicity of less than 14 symbol), the maximum number of BDs per monitoring occasion (Xocc) should be further defined. Simply, Xslot can be equally distributed for each of the monitoring occasion, i.e., Xocc = floor(Xslot/N) where N is the number of monitoring occasion per slot. Flooring operation is needed to always ensure that N·Xocc≤Xslot. Therefore, it should be desirable to define Xslot to have always integer value for Xslot/N. The gNB can configure the number of PDCCH candidates for aggregation levels for Case 2 as not exceeding Xocc for each monitoring occasion. 
Proposal 1: For Case 2, the maximum number of BDs per monitoring occasion should be further decided. 
Assuming that all of the PDCCH candidates across the aggregation levels are not overlapped, the number of channel estimations (CEs) Y can be calculated by Y = 8AL8 + 4AL4 + 2AL2 + AL1, where AL8, AL4, AL2, and AL1, are the number of PDCCH candidates for AL=8, 4, 2, 1, respectively. Consequently the number of CEs is equal to the number of CCEs in the given search space for above worst case. However, depending on the CORESET/search space configuration, the actual number of CEs may be further reduced. If a CCE is shared among multiple PDCCH candidates, the number of CEs for the CCE can be counted as one. Therefore, in most of cases actual number of CEs may less than Y. 
It is not clear that how much number of CEs is really supportable to satisfy the NR process timeline. Therefore it is recommended to consider LTE as a baseline. For PDCCH monitoring periodicity of 14 or more symbols (Case 1), at least the same value (=74) as LTE should be supported for 15kHz. Other than 15kHz, the maximum number of CEs are calculated by assuming the worst case for cell-edge UE which is that the PDCCH candidates are configured more aggressively for higher ALs, e.g., AL=4 and AL=8. We assume that following set of the number of PDCCH candidates (AL8, AL4, AL2, AL1) for each of SCS to obtain the maximum number of CEs for slot-based monitoring.

Table 1. Number of PDCCH candidates for cell-edge UE
	SCS
	15kHz
	30kHz
	60kHz
	120kHz

	# of PDCCH candidates
	(6, 6, 6, 4)
	(4, 4, 6, 4)
	(2, 2, 6, 4)
	(0, 0, 6, 4)


For PDCCH monitoring periodicity of less than 14 symbols, increment in the number of CEs per slot compared to slot-monitoring may be unavoidable if at least 1 PDCCH candidates for AL=8 is supported for cell-edge UE. Followings are worst cases we assume and resultant maximum number of CEs. 

Table 2. Number of PDCCH candidates for cell-edge UE
	SCS
	15kHz
	30kHz
	60kHz
	120kHz

	# of PDCCH candidates
	(0, 0, 1, 1)
	(0, 0, 1, 1)
	(0, 0, 2, 1)
	(0, 0, 2, 1)

	# of monitoring occasions per slot
	14
	7
	4
	3


Resultant the maximum number of CEs for non-CA case is summarized as below table:
Table 3. Maximum number of CEs per slot for non-CA
	# of BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	74
	68
	62
	58

	Less than 14 symbols
	168
	84
	64
	48


Observation 1: If limit of the number of CEs is defined, at least 74 should be supported for 15kHz.
Reporting a UE capability for BD operations can be primarily beneficial to avoid a co-dependence between UE BD capability and a capability for a number of cells for CA/DC and leave this to the UE implementation. Same definition in Rel-13 eCA can be reused. Based on the reported UE capability, the gNB can decide and adjust the number of BDs considering CA, mini-slot monitoring, GC-PDCCH, and etc under the total BD budget.
Proposal 2: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.
2.2 Discussions on search space parameters
Search space randomization

In TS 38.213 [2], the search space hashing function of is given by 
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Among the search space parameters above, how to update Yp,kp along time should be further studied. In LTE EPDCCH, Yp,kp is simply updated in every subframe. However, the situation is more complicated in NR. First, the PDCCH monitoring periodicity can be configured very flexibly even possible symbol-level configuration. Moreover, multiple DCI formats can be monitored in a same CORESET with different periodicities. Then the question is that which one is better between Alt 1) randomizing search space per DCI format according to its configured monitoring periodicity and Alt 2) using a reference time index for randomizing search space which can be equally applied for multiple DCI formats and 
In Alt 1, a UE can monitor different USS according to DCI format and it monitoring periodicity. Figure 3 shows an example of search space randomization based on monitoring periodicities of DCI formats. In Figure 3, USS for monitoring DCI format A and B are randomized with 1-slot and 2-slot unit, respectively. As a result, USSs for DCI format A and B are opportunistically overlapped when time goes through. Alt 1 is good for minimize blocking probability between UEs but can increase the number of unnecessary blind decodings.
In Alt 2, there is always only one USS at a certain time index regardless of the number of DCI formats and their configured periodicities (this is the same principle as in LTE). Both DCI format A and B configured with different periodicities can be monitored in the same USS at the same time. If the sizes of them are equal, the number of BDs can be reduced. Although the sizes of them are different, at least LLR values used for blind decoding DCI format A can be reused for blind decoding DCI format B. For Alt 1, the reference time unit for USS randomization can be Alt 1-1) absolute values such as symbol/slot index or Alt 1-2) relative values such as min/max values among monitoring periodicities of DCI formats.

Alt 2 is slightly more preferred due to its benefit on blind decoding. As another aspect, if CA is considered and same principle in LTE is applied again, USS can be defined per cell, then maximum 8 USSs can exist within a CORESET. Defining more than 1 USS per cell in a CORESET would not be desirable.
Proposal 3: Only one USS is defined in a CORESET per cell. The USS is randomized in time based on absolute time unit or relative time unit.
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Figure 3. Example of search space randomization based on periodicity
2.3 Corrections on number of candidates per CCE aggregation level
The agreement from RAN1 NR adhoc#2 states that the number of PDCCH candidates is configured per CCE aggregation level and per DCI format size that the UE monitors. The latter is missing from the set of RRC parameters. This would lead to the same configuration of PDCCH candidates per CCE aggregation level for the fallback DCI format and the non-fallback DCI format which is detrimental for NR operation. For example, LTE uses different number of PDCCH candidates per CCE aggregation level for the fallback and non-fallback DCI formats to reflect the fact the CCE aggregation levels for PDCCH candidates with fallback DCI formats should target link robustness while CCE aggregation levels for PDCCH candidates with non-fallback DCI formats should target spectral efficiency and link adaptation. Therefore, an RRC parameter for the DCI format size is needed for the UE-specific search space.

Proposal 4: Include an RRC parameter (1 bit) indicating whether the search space configuration is for fallback DCI formats or for non-fallback DCI formats. 
3 Conclusion

This contribution discussed remaining issues on CORESET configuration and search space design. Following proposals were made as below:
Proposal 1: For Case 2, the maximum number of BDs per monitoring occasion should be further decided.

Proposal 2: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.
Proposal 3: Only one USS is defined in a CORESET per cell. The USS is randomized in time based on absolute time unit or relative time unit.
Proposal 4: Include an RRC parameter (1 bit) indicating whether the search space configuration is for fallback DCI formats or for non-fallback DCI formats. 
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