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Introduction
In RAN1 #90bis and following email discussions, we have reached some agreements/working assumptions on aspects related to CORESET and search space design [1].

Agreements:
· Confirm the WA ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ with the following clarifications:
· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 
· FFS the RB indexing for resource allocation especially considering interaction with DL BWP
· Details of resource allocation should take into account the interaction with DL BWP – FFS details

Agreements:
· For slot-based scheduling;
· Confirm the following working assumption with updates:
· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.
· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.
· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.
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
· 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.

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]



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.

	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	[48-74]
	
	
	

	Periodicity of less than 14 symbols
	
	
	
	



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.

	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N



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

Agreements:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.

Agreements:
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).

Agreements:
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

Agreements:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.
 
This contribution discusses remaining issues regarding CORESET configuration and search space details.

CORESET
[bookmark: _Ref498652567]Number of CORESETs
For the UE-specific CORESET, it is beneficial to define the maximum number of CORESETs considering the practicality of RRC signalling and the CORESET number can be used for specifying the hashing function parameters as will be discussed in section 4. In addition, defining the maximum number of CORESETs can help with UE dimensioning as well as randomization of hashing across CORESETs that may overlap, and most importantly, scheduling flexibility can be maintained since different monitoring occasions can be configured flexibly even with association to the same CORESET.
Starting point can be the LTE EPDCCH and at least we need 2 CORESETs. In addition, we also need to consider the need for multiple DL beams that the UE may be configured to monitor. Taking into account multi-beam case, we prefer to define the maximum number of CORESETs as no more than two per spatial QCL and no more than 4 from a UE perspective. 
Proposal 1: Max of two CORESETs per spatial QCL but a total not exceeding not more than four CORESETs are supported within an active DL BWP.

[bookmark: _Ref498652585]CORESET with BWP
For the CORESET resource allocation, RB indexing has to be discussed in conjunction with active BWP. For the initial active bandwidth part, the UE has no information about the common indexing for the CORESET for RMSI scheduling. Therefore, BWP-specific PRB indexing has to be used for COREST for RMSI scheduling.
If a UE receives RMSI, whether the information on common RB indexing is include or not in RMSI has not concluded yet (up to initial access agenda). If we assume common PRB indexing is possible from RMSI information, common PRB indexing could be beneficial for the CORESET configured by RMSI. This is because common PRB indexing for a CORESET allows search spaces mapped to such a CORESET to be monitored as long as the CORESET PRBs fall within the active DL BWP. Thus, for instance, the CORESET used for RMSI scheduling is certainly within the initial active DL BWP, but subsequently, as long as the UE-specific active DL BWP includes the PRBs corresponding to this CORESET, the UE can monitor candidates in this CORESET. 
Proposal 2: Common PRB indexing is preferred for the CORESET configured by RMSI

Other details on CORESET configuration
It is proposed to that 3 symbol CORESET can be only used in the first 3 symbols of a slot. For monitoring occasions occurring beyond the first three symbols, the associated CORESET can be only 1 or 2 symbol in duration. 3 symbol CORESET is too big for non-slot based scheduling and the relevant delay is large as well which is not desirable to non-scheduled transmission as well.
Proposal 3: 3 symbol CORESET can be only allowed in the first 3 symbols of a slot and only 1 or 2 symbol CORESETs can be used in the other symbols. 

Discussion on number of blind decodings 
Max number of blind decoding
During the email discussion after RAN1 #91bis, the maximum number of blind decoding was discussed. At first, for the PDCCH monitoring periodicity of 14 or more symbols, we prefer to confirm the working assumption that blind decoding number is 44 for 15kHz SCS and scaled down depending on the increase of the SCS. 
And for the PDCCH monitoring periodicity of less than 14 symbols, even if total number of blind decoding are the same as the case of the PDCCH monitoring periodicity of 14 or more symbols, there is a significant additional complexity for UE architecture with impact on pipelining due to the need for handling multiple DCI triggers spread within a slot duration which was not required for the PDCCH monitoring periodicity of 14 or more symbols. Therefore, it may be desirable to define the max number of blind decodings in each of the monitoring occasions in addition to specifying the total number of blind decodings for the entire slot duration. Here, for the multi-symbol CORESETs, the monitoring occasions are defined as the starting symbol of the CORESET to be monitored, which is more natural.
 Table 1 and Table 2 are showing the summary of our preference. 
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· We confirm the working assumption: 44 for SCS = 15kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· For non-CA and for PDCCH monitoring periodicity of less than 14 symbols
· The monitoring periodicity of less than 14 symbols is considered as UE capability
· Aiming to finalize this at RAN1#91.
[bookmark: _Ref498649682]Table 1: No. of PDCCH BDs per slot
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	32
	24
	18

	Periodicity of less than 14 symbols 
(optional UE feature)
	>=44
	>=32
	>=24
	>=18



[bookmark: _Ref498655188]Table 2: UE capability on PDCCH monitoring
	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	(i) N
(ii) Y
	(i) N
(ii) Y
	(i) N
(ii) Y
	(i) N
(ii) Y



For a UE complexity perspective, it would be desired to limit the number of CCEs that need channel estimation as discussed in the email discussion. Table 3 is the average number of CCEs that the UE perform channel estimation per subframe for various number CCEs per PDCCH region, which can be used as a baseline. Table 4 is the summary of our preferred number of CCEs that the UE can perform channel estimation per slot based on LTE case.
Table 3: average number of CCEs that the UE performs channel estimation per subframe in LTE PDCCH
	Total number of CCEs
	average number of CCEs that the UE perform channel estimation per subframe

	
	

	32
	25.8

	64
	33.4



[bookmark: _Ref498710152]Table 4: No. of CCEs for reasonable channel estimation complexity
	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	56
	44
	34
	26

	Periodicity of less than 14 symbols
	>=56
	>=44
	>=34
	>=26



[bookmark: _GoBack]
Proposal 4: 
· Confirm the working assumption: the maximum number of PDCCH blind decodes per slot is 44 for SCS = 15kHz
· The maximum number of PDCCH blind decodes per slot is scaled down depending on the increase of the SCS
· The monitoring periodicity of less than 14 symbols is considered as UE capability
· For the multi-symbol CORESETs, the monitoring occasions are defined as the starting symbol of the CORESET to be monitored 
· For the monitoring periodicity of less than 14 symbols, the max number of blind decodings for each of the monitoring occasions is specified in addition to the total number of blind decodings for the entire slot duration.


[bookmark: _Ref498654533]Search Space design
In RAN1#90 we have agreed that NR takes the same hash function of LTE EPDCCH as the hash function for NR-PDCCH. One potential difference of hashing functions between NR PDCCH and LTE EPDCCH could be 	the number of CORESETs. Current version of 38.213 specification has the following descriptions on hashing function of UE-specific search space [2].
	


For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 


where






, , , , [], and ; 

;


 is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise ;



 is the number of CCEs in control resource set   that is configured to the UE by higher layers for the DCI format in control resource set ; 




 is the maximum number of PDCCH candidates among all configured DCI formats over all configured  values for a CCE aggregation level  in control resource set ;



, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level [image: ]for a serving cell corresponding to ;  



As also shown with bracket, the Ap-1 values has to be defined where p=1, 2, …, N,  and N is the maximum number of CORESETs. When EPDCCH was discussed, one additional A value (39829) was introduced in addition to the original A value (39827) which has been used from LTE PDCCH for supporting up to two EPDCCH-PRB-sets. In NR, if we have up to 4 CORESETs can be configured, we may need two additional A values. 
During the discussion of EPDCCH in [3], the choice of A values is the sufficiently large prime number so the prime number next to 39817 was chosen as the new A value. For NR, we can simply follow the logic of EPDCCH and 39839, 39841 can be the next available prime numbers. 
Proposal 5: For search space hashing function, A0=39827, A1=39829, A2=39839, A3=39841.


Conclusion
In this contribution, we provided our views on open issues regarding DL control channel monitoring aspects and the following proposals are made: 
Proposal 1: Max of two CORESETs per spatial QCL but a total not exceeding not more than four CORESETs are supported within an active DL BWP.

Proposal 2: Common PRB indexing is preferred for the CORESET configured by RMSI

Proposal 3: 3 symbol CORESET can be only allowed in the first 3 symbols of a slot and only 1 or 2 symbol CORESETs can be used in the other symbols. 

Proposal 4: 
· Confirm the working assumption: the maximum number of PDCCH blind decodes per slot is 44 for SCS = 15kHz
· The maximum number of PDCCH blind decodes per slot is scaled down depending on the increase of the SCS
· The monitoring periodicity of less than 14 symbols is considered as UE capability
· For the multi-symbol CORESETs, the monitoring occasions are defined as the starting symbol of the CORESET to be monitored 
· For the monitoring periodicity of less than 14 symbols, the max number of blind decodings for each of the monitoring occasions is specified in addition to the total number of blind decodings for the entire slot duration.

Proposal 5: For search space hashing function, A0=39827, A1=39829, A2=39839, A3=39841.
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