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1	Introduction
In RAN1 #90bis, the following agreements have been made for NR control resource set (CORESET) and control search space.
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:
· 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.

In this paper, we further discuss the following topics.
UE blind decoding and channel estimation complexity limitations
PDCCH hashing rules
2	UE blind decoding and channel estimation complexity limitations
In RAN1 #90bis, we have the following agreements:
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
	
	
	
	



For PDCCH processing, the UE needs to 
Perform channel estimation per REG bundle for all the REG bundles covered by all decoding candidates
· Note that if different DMRS sequence assumptions are needed for one REG bundle shared by different decoding candidates, separate channel estimations are needed
Compute the LLRs for each REG bundle
Perform blind decoding for each decoding candidate

Note that in legacy LTE, since wide band channel estimation using CRS is implied, the channel estimation complexity is not a function of decoding candidate configuration. But in NR, REG bundle based channel estimation will be applied and the complexity increases with the number of REG bundles to perform channel estimation on.

Given limited hardware capability, we believe the number of blind decoding and the amount of channel estimation have to be jointly decided. If we define max X only, it is possible for gNB to schedule all AL8 candidates for the max X blind decodings and makes it impossible for the UE to perform the channel estimation in time. We propose to define the upper limit on channel estimation in unit of CCEs. Our preferred values are provided in the following tables.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	32
	16
	16

	Periodicity of less than 14 symbols
	44
	32
	16
	16



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

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	48
	48
	24
	24

	Periodicity of less than 14 symbols
	48
	48
	24
	24



[bookmark: p1]Proposal 1. UE PDCCH channel estimation and blind decoding limitations are jointly define for each SCS. The same PDCCH blind decoding and channel estimation limitation per slot is applied to the case when mini-slot base coreset monitoring is applied.
3	Search Space Hashing
In RAN1 #90bis, it was agreed the LTE EPDCCH hashing function will be used in NR
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

In LTE, the EPDCCH hashing function is defined as: 





Where  if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise .  is the carrier indicator field value.
When cross carrier scheduling is configured in a coreset,  is used to create more opportunities to schedule the UE. The LTE approach is to locate all the decoding candidates across all  values and use that as a shared pool of resources to placing grant for all carriers for a given DCI format size. Though the trunking efficiency is higher using this approach, from UE perspective, for each carriers, the scheduling decision is known only after all possible blind decodings are done. This actually hurts the processing timeline. An alternative approach is for each carrier, only the decoding candidates with corresponding  values can be used. This has lower trunking gain, but have UE processing timeline benefits. We propose to support both modes and add a UE capability to indicate which mode is supported by the UE.
[bookmark: p2]Proposal 2. For NR-PDCCH hashing under cross carrier scheduling, a UE capability is introduced to supports either shared pool of decoding candidates or separate pools or decoding candidates for different carriers.
From the LTE EPDCCH hashing function, in general, the decoding candidates are not overlapping across different aggregation levels. For a given SCS, assume the blind decoding and channel estimation limits are (X,  Y) , where X is the limit on the number of decoding candidates and Y is the limit on the number of CCEs to perform channel estimation. For legacy LTE with X=44, effectively Y is 74, assume there is no overlapping in CCEs occupied. The ratio  is quite small, mainly because two blind decodings are assumed for each decoding candidate due to different payload length. Ignore the payload length difference, for each blind decoding, the average aggregation level per decoding candidate is around 3.4. For NR, there is attempt to align the DL and UL grant lengths to save on blind decodings. As a result, we typically do not need to do two rounds of decodings for the same decoding candidate assuming different payload length. Then, we will need relatively large Y/X to achieve the same average aggregation level per decoding candidate. However, large Y implies high UE complexity. 
Then, given (X,Y), when gNB configures the search space, it has to assume the worst case, i.e., the decoding candidates are not overlapping. For example, if for aggregation level ,  blind decodings are configured, then the worst case scenario is 


Typically this means if the gNB wants to take advantage of full X decoding capability, the decoding candidate aggregation level profile will be heavily biased towards low aggregation levels, which only works for high geometry UEs. 
On the other hand, due to random hashing, in many cases, the decoding candidates will (partially) overlap on CCEs, especially when the coreset bandwidth is not too wide, i.e, there are relatively small number of CCEs in the coreset. In this case, using the worse case assumption (non-overlapping CCEs) for aggregation level profile decision will be too conservative. An alternative solution is, the gNB picks () and follow the normal hashing rules. But after hashing, the gNB picks a subset of decoding candidates that are contained in  CCEs. When coreset is not too wide, typically, all decoding candidates will remain, if the support of the CCE hashing is within  CCEs. Otherwise, if the the support of the hashing exceeds  CCEs, some of the decoding candidates will be invalid and cannot be used.
[bookmark: p3]Proposal 3. After PDCCH hashing, pick a subset of decoding candidates as valid where the resulting set of CCEs is within the limit .
The limitation (X,Y) is for a slot, but the PDCCH hashing is per coreset. For the search space configuration of the ’th coreset in the slot, we will need to configure the aggregation level profile () and configure the CCE limit  such that

After hashing within each coreset, pick the subset of decoding candidates in a coreset such that the CCE support is within . The instantaneous aggregation level profile becomes , where .
[bookmark: p4]Proposal 4. When configuring the search space in a coreset, also configure the number of channel estimation CCEs in the coreset out of the total limitation of channel estimation CCEs per slot.
4	Conclusions 
For CORESET and search space design, we have made the following proposals:
Proposal 1. UE PDCCH channel estimation and blind decoding limitations are jointly define for each SCS. The same PDCCH blind decoding and channel estimation limitation per slot is applied to the case when mini-slot base coreset monitoring is applied.
Proposal 2. For NR-PDCCH hashing under cross carrier scheduling, a UE capability is introduced to supports either shared pool of decoding candidates or separate pools or decoding candidates for different carriers.
Proposal 3. After PDCCH hashing, pick a subset of decoding candidates as valid where the resulting set of CCEs is within the limit .
Proposal 4. When configuring the search space in a coreset, also configure the number of channel estimation CCEs in the coreset out of the total limitation of channel estimation CCEs per slot.
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