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[bookmark: _GoBack]In this contribution, we discuss the remaining issues related to the configuration of CORESETs and search spaces within which the UE searches for NR-PDCCH candidates, and the number and assignment of blind decodes.
Discussion
Search Space Procedures, Types and Associations
In this section, we discuss what precisely defines a search space, the procedures by which various search spaces are configured, and the associations between different search spaces. 
A search space is essentially defined by the PDCCH candidates that need to be monitored. These candidates are determined by a hashing function that operates within a set of CCEs in a particular CORESET and the monitoring periodicity and offsets that determine when the search space should be monitored. There are two main types of search spaces that are necessary, a common and UE specific search spaces.
A common search space is characterized by the following attributes
· Four PDCCH candidates at aggregation level L=4 and Two PDCCH candidates at aggregation level L=8
· Use of the LTE EPDCCH hashing function as agreed with a random starting seed of Yk =0
· A CORESET configuration within which the hashing function operates

A UE-specific search space is characterized by the following attributes
· The number of PDCCH candidates at different aggregation levels as configured via RRC signaling
· Use of the LTE EPDCCH hashing function as agreed with a random starting seed based on C-RNTI
· A CORESET configuration within which hashing function operates

In addition, the need for other search spaces such as for the Group common PDCCH (SFI-RNTI), preemption indication (INT-RNTI) etc. has been discussed, but it is not clear if any additional search spaces other than the common search space and UE specific search space discussed above are needed for this.

The basic procedure for being configured with different search spaces can be as shown in the figure below.


Figure 1: Procedure for search space configuration
When the UE accesses the cell, it obtains the MIB in the NR-PBCH. The MIB contains information that enables the UE to determine the parameters for a CORESET where the PDSCH carrying the RMSI is scheduled. In the figure, this is referred to as CORESET1. The search space where the UE attempts to receive the RMSI is a common search space.

The RMSI itself may then configure another CORESET (referred to as CORESET2 in the figure) to which a common search space can be mapped to the UE. The common search space in CORESET2 is used for messages other than the RMSI and also this search space is used for RRC configuration of the UE. Such an RRC configuration could configure additional CORESETs which are used to map UE specific search spaces. 
Optionally, CORESET2 could be the same as CORESET1, but it could also be a different CORESET. A different CORESET may be needed in deployments where the CORESET carrying the RMSI needs to be confined to be less than 20 PRBs. Such a small CORESET can be used to receive the RMSI but it is not practical to receive all the other messages that need to be sent to UEs in this CORESET. In this case, a CORESET with more CCEs could be configured via the RMSI. CORESET2 could also be different from CORESET1 if the UE is configured to operate on a different bandwidth part that does not overlap with the PRBs where the SS block is transmitted. If CORESET2 is different from CORESET1, the UE is aware of both CORESETs but it uses only CORESET2 to receive all messages in the common search space. For each bandwidth part that the UE is configured with, it is preferable for it to also configured with a different CORESET2 where its common search space is mapped and at least one other CORESET where at least one UE specific search space is mapped, within that bandwidth part. The UE only monitors one of CORESET1 and CORESET2 at a given time. 

The monitoring periodicity/offset for the common search space used to receive the RMSI is signaled in the PBCH and the periodicity and offset for the common search space used to receive other messages such as OSI, paging etc. is signaled in the RMSI or is RRC configured. Furthermore, the number of blind decodes for common search spaces in CORESET1 and CORESET2 don’t have to be different since the UE monitors only one of these search spaces at a time. For cases where CORESET1 is quite small, the number of blind decodes may automatically be reduced due to the reduced number of candidates within the CORESET. For instance, if the CORESET only contains one aggregation level 8 candidate, then the number of candidates at aggregation level 8 may automatically be reduced to 1 with the blind decode assignments to the other candidates remaining the same.

Proposal: 
· The blind decode candidate assignments are the same for a common search space mapped to any CORESET. 
· Blind decode candidates are automatically reduced if the number of available PDCCH candidates at an aggregation level in a CORESET is less than the number of candidates assigned at that aggregation level for the search space (no specification impact). 

The table below provides the associations between different PDCCH types that can be received (differentiated by the RNTI used to decode the PDCCH), the search spaces within which they are received and how the correseponding CORESET is configured.  
	
PDCCH Type (i.e., PDCCH with DCI CRC by…)
	CORESET
	Search Space type 
	Comments

	SI-RNTI 
(for RMSI)
	signaled in MIB
	CSS
	The “RMSI-CORESET” signaled in MIB may have BW limits in certain deployments

	SI-RNTI 
	signaled in RMSI
	CSS
	Could be the same as the RMSI-CORESET

	P-RNTI 
	signaled in RMSI
 
	CSS
	Could be the same as the RMSI-CORESET

	RA-RNTI
	signaled in RMSI
 
	CSS
	Could be the same as the RMSI-CORESET

	TC-RNTI
	signaled in RMSI
 
	CSS
	Could be the same as the RMSI-CORESET

	C-RNTI
	signaled in RMSI
 for CSS
signaled in UE-specific RRC for UESS
	CSS, UESS
	Could be the same as the RMSI-CORESET

	SPS C-RNTI
	signaled in RMSI
 for CSS
signaled in UE-specific RRC for UESS
	CSS, UESS
	Could be the same as the RMSI-CORESET
Used for activation for type 2 of UL grant free and activation of DL SPS (if supported)

	TPC-PUSCH-RNTI
	signaled in RMSI
	CSS
	Could be the same as the RMSI-CORESET 

	TPC-PUCCH-RNTI
	signaled in RMSI
	CSS
	Could be the same as the RMSI-CORESET 

	TPC-SRS-RNTI
	signaled in RMSI
	CSS
	Could be the same as the RMSI-CORESET 

	SFI-RNTI
	signaled in RRC
	CSS/other SS?
	Could be the same as the RMSI-CORESET

	INT-RNTI
	signaled in RRC
	CSS/other SS?
	Could be the same as the RMSI-CORESET




CORESET configuration
The following was agreed in RAN1#90 [2]:
Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.
· FFS: CORESET(s) configured by non UE-specific signaling.

The following was agreed at RAN1#90bis [3]:

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

The following agreements were reached via email approval after RAN1#90bis:
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.

	[bookmark: _Hlk498423608]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



The following agreements were reached in the initial access session at RAN1#90bis and subsequent email discussions:
Agreements:
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency

· The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 
· X is TBD, and can be chosen to be up to [8] bits.
· Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH

· Configuration of RMSI CORESET(s) should consider at least the following properties: 
· bandwidth (PRBs) 
· frequency position (frequency offset relative to SS/PBCH block) 
· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

· RMSI timing configuration should consider at least the following properties: 
· RMSI PDCCH monitoring window periodicity y
· RMSI PDCCH monitoring window duration x
· FFS: RMSI PDCCH monitoring window offset
· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

· Note: QCL per CORESET vs. search space is up to control session’s decision.

RMSI CORESET
After initial access is performed, the UE needs to be configured at least one control resource set (CORESET) for paging, random access response and other control signaling. However this configuration cannot be done in NR-PBCH because of its limited capacity. Therefore, as agreed a first CORESET is used to schedule the PDSCH containing the remaining system information (RMSI). This CORESET is denoted the RMSI CORESET and must be signaled with very minimal signaling to the UE in the NR-PBCH (MIB), and furthermore, it should at least support a common search space. 
As agreed, minimal signaling using no more than 8 bits need to be used during initial access procedures in order to determine the RMSI configuration including number of PRBs, frequency position, and the set of consecutive symbols in a slot where the RMSI is located as well as the RMSI timing configuration including the RMSI monitoring window periodicity and duration. In [4] a proposal on signalling of RMSI CORESET configuration is given assuming that 8 bits are used. 
Other parameters of the RMSI CORESET are proposed to be non-configurable. Even though the RMSI CORESET can be used for other purposes (including UE specific search spaces), its main purpose is scheduling of RMSI, which is transmitted at a high aggregation level. Therefore, a REG bundle size of 6 is preferred for performance reasons.
[bookmark: _Hlk498420657]Proposal: The following parameter settings should be used for the RMSI CORESET:
· REG bundle size = 6
· Transmission type = interleaved
Further, the parameters of the search space scheduling RMSI are also proposed to be non-configurable. As discussed above, 
Proposal: In the RMSI CORESET, a common search space used to schedule the PDSCH carrying the RMSI is implicitly specified with the following parameters: 
· Aggregation level = 8 
· Number of PDCCH candidates = 1 if there is only one AL 8 candidate in the CORESET, 2 otherwise.
Search Space and Blind Decoding Design
Regarding search space and blind decoding the following agreements were made.
Agreements [1]:
· 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

Agreements [2]:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following
· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X

Agreements [3]:
Agreement
· 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

The following agreements were made via email approval:
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.

Search space design
At RAN1#90bis is was agreed to reuse the LTE EPDCCH search space definition, if necessary with further refinements. The EPDCCH function from LTE can be applicable with each PRB set corresponding to a CORESET in NR with the other aspects remaining largely the same. Additional values of the constants  could be considered if more than two CORESETs are expected to be configured to a UE at any given time. 
With regard to rate matching around reserved resources and SS blocks, this can be achieved by adjusting [image: ] in the function for a given slot and CORESET as is done for the EPDCCH in LTE although it would be desirable to configure the CORESET in RBs that don’t have conflicts with SS blocks as much as possible.
Number of blind decodings
In LTE, a baseline UE capability of max 20 MHz and 44 blind decodes was defined in Rel-8. In later releases, UEs capable of more bandwidth were introduced. These UEs are required to be capable of more blind decodes. For LTE, the number of blind decodes scale with the number aggregated carriers: 

where  is the number of CSS blind decodes, , is the number of USS BDs and  is the number of carriers .
For NR, one can consider similar scaling/defining of a baseline UE capability for different maximum supported bandwidths. For example, the same baseline as in LTE can be used, i.e., a UE supporting maximum 20 MHz with 15 kHz SCS and A+B=44 BDs is considered to be the baseline. The blind decode scaling may then be defined as follows:



where  is the maximum supported bandwidth of the UE and  is defined in Section 4.2 of TS 38.211. 

If it is further assumed that  and  (this is FFS), the following examples can be given:
· At 60 kHz SCS, a UE capable of maximum 100 MHz should support 43 blind decodes. This UE should support 22 blind decodes at 120 kHz SCS.
· At 120 kHz SCS, a UE capable of max 400 MHz should support 44 BDs and a UE capable of max 200 MHz should support 42 blind decodes. 

Based on the above discussion, the following is proposed:

Proposal: A UE capable of a maximum bandwidth of  shall support  blind decodes per slot (where  and  and  are 12 and 32), where  is the max supported bandwidth of the UE and  is defined in Section 4.2 of TS 38.211. If , the UE shall support 44 blind decodes.
Common Framework that Includes Mini-Slots
The configuration of CORESETs, PDCCH candidates to monitor within the CORESETs for each search space at each aggregation level, the DCI formats to monitor in those candidates, and the associated monitoring periodicities all can be handled in a common framework both for so-called slot based and non-slot based scheduling. In fact, there is no reason to separate out these two modes of operation. With the flexibility to configure the number of blind decodes to use for each DCI format in a search space in a CORESET, and the flexibility to configure CORESETs not just in the beginning of slots but also in other parts of the slot, both full slots and mini-slots can be handled in a similar way. For instance, the configuration of blind decodes and monitoring periodicities can be done by the gNB so that the total number of blind decodes within a slot never exceeds the maximum capability of the UE. Furthermore, where the DMRS for the PDSCH occurs for mini-slots or for slots could either be implicitly indicated by using DCI formats, or by the location of the CORESET within the slot, or even as part of the configuration of PDCCH candidates within a CORESET. It should also be noted that many aspects of mini-slots have already been addressed by the agreements and captured in the draft specifications. 
Conclusion
We discussed the remaining issues on search spaces and blind decoding and made the following proposals.
Proposal: The CORESET configured in the RMSI can be configured to be the same as or different from the CORESET configured in the MIB to map a common search space.

Proposal: 
· The blind decode candidates are the same for a common search space mapped to any CORESET. 
· Blind decode candidates are automatically reduced if the number of available PDCCH candidates at an aggregation level in a CORESET is less than the number of candidates assigned at that aggregation level for the search space. 

Proposal: The following parameter settings should be used for the RMSI CORESET:
· REG bundle size = 6
· Transmission type = interleaved

Proposal: In the RMSI CORESET, a common search space used to schedule the PDSCH carrying the RMSI is implicitly specified with the following parameters: 
· Aggregation level = 8 
· Number of PDCCH candidates = 1 if there is only one AL 8 candidate in the CORESET, 2 otherwise.

Proposal: A UE capable of a maximum bandwidth of  shall support  blind decodes per slot (where  and  and  are 12 and 32), where  is the max supported bandwidth of the UE and  is defined in Section 4.2 of TS 38.211. If , the UE shall support 44 blind decodes.
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