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1. Introduction
In RAN1 #90bis meeting [1], the following agreements for search space design were achieved.

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:

· 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

An email discussion [90b-NR-23] about remaining issues of CORESET and search space was triggered after the meeting. The following proposals are assumed to be agreed during the email discussion:

Proposal 1:
· 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.
Proposal 2:
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).
Proposal 3:
· 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.
Proposal 4:
· 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 contribution, we will further discuss remaining issues of CORESET and search space design.  
2. Discussion
2.1. Possible support of PDCCH monitoring window

It has already been agreed for RMSI PDCCH that:

· 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
The characteristic of RMSI PDCCH is that it is transmitted with SS burst. The monitoring window for RMSI PDCCH is supported which can save the power for UE. While for normal PDCCH, slot-based and non-slot based scheduling can be supported. We don’t think monitoring window is necessary for normal PDCCH. Furthermore, combining PDCCH monitoring occasion with DRX can also achieve the purpose of UE power saving. 
Proposal 1: PDCCH monitoring window is not supported except for RMSI PDCCH.

2.2. Possible support of aggregation level 16
Aggregation levels 1/2/4/8 have been agreed for NR PDCCH. Larger aggregation level can achieve better decoding performance. Aggregation level 16 can be considered in some cases, such as URLL, which requires higher reliability. And also in the case of carrier frequency above 6GHz, larger aggregation level can be used to compensate larger pathloss.

Proposal 2: Aggregation level 16 can be supported in some cases, such as URLL or carrier frequency above 6GHz.
2.3. Interaction between CORESET and DL BWP
For the configuration of CORESET, the following agreement was achieved in RAN1 #90bis:
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

The interaction between CORESET configuration and DL BWP needs FFS. DL BWP is configured per UE and up to 4 DL BWP can be configured. gNB can configure DL BWP at any frequency position within the carrier. The configuration of CORESET is per UE and we think it is OK that the configuration is per DL BWP. One potential issue of this method is that the CORESET configuration of different UE belongs to different DL BWP which can increase blocking probability if these DL BWPs are not frequency aligned to each other with granularity of 6 RB. We think this can be solved by gNB’s implementation. For example, gNB can configure DL BWP for different UE starting with 6X RBs. Within each DL BWP, gNB can also configure CORESET for each UE staring with 6Y RBs. Therefore, we agree with the following proposals: 
Proposal 3:

· For a CORESET configured by UE-specific RRC signaling,
· RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET.
· For a CORESET configured by RMSI,

· RB indexing for CORESET resource allocation is per DL BWP configured by the RMSI.

2.4. Maximum number of CORESETs for UE-specific search space
According to proposal 3, the configuration of CORESET is per DL BWP. Up to 4 DL BWP can be configured per carrier. Each CORESET can include more than one search space. The maximal number of PDCCH blind decoding is less than 44 per slot for 15kHz subcarrier spacing. We do not see the necessary to limit the maximal number of CORESET configuration as long as the total number of PDCCH blind decoding is less than 44. Larger number of CORESET will not result in additional complexity for UE. Detailed configuration of CORESET can be left for gNB implementation.
Proposal 4: It is not necessary to limit the maximal number of CORESET for UE-specific search space.

3. Conclusions
In this contribution, some issues about CORESET configuration are discussed. The following proposals summarize the discussion and our views. 

Proposal 1: PDCCH monitoring window is not supported except for RMSI PDCCH.
Proposal 2: Aggregation level 16 can be supported in some cases, such as URLL or carrier frequency above 6GHz.
Proposal 3:

· For a CORESET configured by UE-specific RRC signaling,
· RB indexing for CORESET resource allocation is per DL BWP associated with the CORESET.
· For a CORESET configured by RMSI,

· RB indexing for CORESET resource allocation is per DL BWP configured by the RMSI.

· Proposal 4: It is not necessary to limit the maximal number of CORESET for UE-specific search space.
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