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

· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor

· FFS details of the corresponding search spaces
Agreements:

· Take the same hash function of LTE EPDCCH as the hash functuion 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

Note: The above options are provided as input to the control channel agenda item discussion
Agreements
· PDCCH candidates having different DCI payload sizes count as separate blind decodes
· PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.
· PDCCH candidates in different CORESETs count as separate blind decodes.
· PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.
Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· Working assumption: 44 for SCS = 15kHz.
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· Companies are encouraged to complete the following table.
· Aiming to finalize this at RAN1#91.
Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;
· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;
· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.
Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
· FFS: the value of N (no more than 8)
Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.
This contribution continues discussions on CORESET configuration and search space design aspects. 

2 On CORESET configuration and search space design
2.1 Remaining issues on CORESET configuration
CORESET configuration in frequency domain
For CORESET configuration in frequency domain, RA type 0 which is bitmap method with unit of 6-RB is supported. It is still open whether RB indexing for frequency-domain RA is based on common PRB indexing or UE-specific PRB indexing. To decide it we need to take into account interaction between CORESET and BWP configuration. 

It is agreed that there is at least one CORESET for USS in each of configured BWP. Therefore, basically CORESET configuration is per BWP. Regarding BWP configuration, there is no restriction which means that the BWP can be configured in any frequency location with any bandwidth with 1-RB granularity. Because of this, if RB indexing for CORESET RA is based on UE-specific BWP, 6-RB grid between two different CORESETs (e.g., for two UEs having different BWP locations) will be basically not aligned as shown in Figure 1. This kind of misalignment may lead higher blocking probability. For example, if a PDCCH for UE#2 is transmitted in CCE#0 in CORESET#2, then for UE#1, two CCEs, CCE#0 and CCE#1 in CORESET#1 is blocked. 

To ensure 6-RB grid alignment between overlapped CORESETs, following two alternatives for frequency-domain RA for CORESET can be further considered:
Alt 1) Use RB indexing based on common PRB indexing
Alt 2) Use RB indexing based on BWP and indicate frequency offset with 1-RB granularity
Figure 2 shows examples of above two alternatives. Alt 2 would be a better choice since Alt 2 can achieve more flexibility in RA in frequency-domain compared to Alt 1.

[image: image1.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0 1 2 3 4 5 6

20 21 22 23

7 8 9

0 1 2 3 4 5 6 7 8 9

0 1

10 11 12 13 14

10 11

0 1

Common 

PRB indexing

UE#1

PRB indexing

UE#2

PRB indexing

UE#1

6RB indexing

UE#2

6RB indexing

CORESET#1

CORESET#2

0


Figure 1. Example of 6-RB grid misalignment
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Figure 2. Two alternatives for RA indication methods for 6-RB grid alignment
Proposal 1: Use RB indexing based on BWP and indicate frequency offset with 1-RB granularity for resource allocation of a CORESET in frequency-domain.
Maximum number of CORESETs for USS
The maximum number of CORESETs (=Ncoreset) can be defined per BWP per cell and exact number should be specified. Possible candidate number of Ncoreset is 2 at least for simultaneous monitoring for i) interleaved and non-interleaved PDCCHs and ii) slot-based and mini-slot based scheduling. More than 2 can be considered when multi-beam operation is taken into account. Based on agreement in email discussion [90b-NR-23], the QCL configuration is on a per CORESET. This implies that for N-beam transmission, N CORESET configurations are required. Since a CORESET for slot-based scheduling can be located in the first 3 symbols in a slot, PDCCH transmission with maximal 3 beams is supportable for slot-based scheduling. Therefore, Ncoreset = 3 is also reasonable value, however, exact number can be decided after determining maximum number of beams for PDCCH transmission.
Proposal 2: At least 2 should be supported as the maximum number of CORESETs for USS. FFS for other values such as more than 2 and it depends on how many beams are supportable for multi-beam transmission of PDCCH.
2.2 Search space design

Search space randomization

The search space hashing function of NR PDCCH is the same as that of LTE EPDCCH that is equal to
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Among the search space parameters above, how to update Yp,k along time should be further studied. In LTE EPDCCH, Yp,k is simply updated in every subframe, i.e., k corresponds to subframe index. 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 2) 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
Maximum number of PDCCH blind decodes
For PDCCH monitoring periodicity of 14 or more symbols, the maximum number of BDs should be reduced as SCS increases considering decoding processing time. The same number of BDs for CSS can be maintained across the different SCSs by gNB configuration. For USS, reducing 4 PDCCH candidates per DCI format (then total 8=4∙2 for 2 DCI formats), might be enough. 
For PDCCH monitoring periodicity of less than 14 symbols, the maximum number of BDs should be smaller (or at least the same) than slot monitoring case. Only USS will be monitored in this case. Assuming that every symbol monitoring is supported for URLLC at least for 15kHz, 42 number of BDs assumed 3 candidates per symbol in a slot may be desirable. Other than 15kHz, the minimum monitoring periodicity may larger than every symbol. Assuming the maximum number of monitoring occasions per slot for 30kHz, 60kHz, 120kHz as 7, 4, 2 (or 3), respectively, the number of expected BDs become 35, 24, and 18, respectively. Or, it can be the same value as in slot monitoring case and the number of PDCCH candidates can be evenly (as much as possible) distributed to each of monitoring.
Our view on the maximum number of BDs for non-CA case is summarized as below table:

Table 1. Maximum number of BDs per slot for non-CA
	# of BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	44
	36
	28
	20

	Less than 14 symbols
	42
	35
	24
	18


Maximum number of channel estimations 
The number of CEs (Y) can be calculated by 8AL8 + 4AL4 + 2AL2 + AL1 <= Y, where AL8, AL4, AL2, and AL1, are the number of PDCCH candidates for AL=8, 4, 2, 1, respectively.

For PDCCH monitoring periodicity of 14 or more symbols, 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 2. Maximum number of CEs per slot for non-CA
	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, increasment 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 3. Maximum number of CEs per slot for non-CA
	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


Our view on the maximum number of CEs for non-CA case is summarized as below table:
Table 4. Maximum number of BDs per slot for non-CA
	# of BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	74
	168
	62
	58

	Less than 14 symbols
	168
	84
	64
	48


UE capability on PDCCH blind decodes
All UEs support maximum number of BDs and CEs based on the tables above. It is defined as a UE capability, whether or not to support simultaneous monitoring multiple PDCCHs configured with 14 symbols (or more than 14 symbols) or less than 14 symbols monitoring periodicity. For a UE who is capable to monitor both PDCCHs together, the maximum number of BDs and CEs are assumed that the sum of the values in the tables above. A UE can informs its capability on PDCCH blind decodings.
Proposal 4: The maximum number of BDs in Table 1are supported in NR. 
Proposal 5: The maximum number of CEs in Table 4are supported in NR. 

Proposal 6: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.

3 Conclusion

This contribution discussed remaining issues on CORESET configuration and search space design. Following proposals were made as below:
Proposal 1: Use RB indexing based on BWP and indicate frequency offset with 1-RB granularity for resource allocation of a CORESET in frequency-domain.
Proposal 2: At least 2 should be supported as the maximum number of CORESETs for USS. FFS for other values such as more than 2 and it depends on how many beams are supportable for multi-beam transmission of PDCCH.
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: The maximum number of BDs in Table 1are supported in NR. 

Table 1. Maximum number of BDs per slot for non-CA
	# of BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	44
	36
	28
	20

	Less than 14 symbols
	42
	35
	24
	18


Proposal 5: The maximum number of CEs in Table 4are supported in NR. 

Table 4. Maximum number of BDs per slot for non-CA
	# of BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	74
	168
	62
	58

	Less than 14 symbols
	168
	84
	64
	48


Proposal 6: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.
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