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Introduction
This contribution intends to give text proposal for section 7.3.2.5 and 7.4.1.3.1 of TS38.211 [1]. Furthermore, this contribution clarifies the description of cyclic shift which is used for CCE-to-REG interleaving. 
Discussion
PDCCH symbols mapping to physical resource

For the discussion of CCE-to-REG interleaving, the following agreements were achieved: 
In RAN1#88bis meeting [2]:
Agreements (from offline):
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

In RAN1 #89 meeting [3]: 
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles

In RAN1 AH#2 meeting [4]:
Agreements:
For a 1-symbol CORESET with interleaving, 
· At least REG bundle size = 2 is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between 2 and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = CORESET length is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

In RAN1 #90 meeting [5]:
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles

In RAN1 #90bis meeting [6]:
Agreements:
· NR support the following interleaver
· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column
· No any further permutation is introduced
· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS

In Section 7.3.2.5 of TS 38.211 [1], the complex-valued symbols are mapped to physical resource. According to the description, the complex-valued symbols are mapped to physical resource elements directly. That is not correct if the interleaving for CCE-to-REG mapping is enabled. 
The complex-valued symbols of a PDCCH are mapped to a set of CCEs. The mapping from CCE to REG is based on the interleaving, which is descripted in 7.3.2.2 [1]. 
Suggestion 1: The complex-valued PDCCH symbols are firstly mapped to corresponding CCEs, then the CCEs are mapped to physical resource elements based on CCE-to-REG interleaving.

Cyclic shift used for CCE-to-REG interleaving

In RAN1 #91 meeting [7], the agreement for cyclic shift which is used for CCE-to-REG mapping is as follows:
Agreements:
· No new RRC parameter is necessary to identify the reference point for DMRS generation for the given CORESET.
· For a CORESET configured by UE-specific RRC signaling, a configurable ID for cyclic shift of the interleaving unit.
· The value range of the configurable ID is {0 - 274}.
· For a CORESET configured by PBCH/RMSI, physical cell ID is used for the cyclic shift of the interleaving unit.

In section 7.3.2.2 of TS 38.211 [1], the description of cyclic shift of CCE-to-REG mapping is as follows:


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index.
The above description does not capture the agreement correctly. For example, according to the agreement, if a CORESET is configured by PBCH/RMSI, physical cell ID is used for the cyclic shift, not a function of physical cell ID.
Suggestion 2: modify the description of cyclic shift of CCE-to-REG mapping to capture the agreement correctly.
PDCCH DMRS sequence initialization

In RAN1 #91 meeting, the following agreement was achieved for PDCCH’s DMRS sequence initialization [7]: 
Agreements:
· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization
· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID
· For each CORESET configured by UE-specific RRC signalling, a UE is configured with a configurable ID for DMRS sequence initialization
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID in Rel-15  NOTE: there is subsequent agreement made in 7.2 which replaces working assumption

In section 7.4.1.3.1 of TS 38.211[1], the generation of PDCCH DM-RS is introduced, which is based on pseudo-random sequence. But there is no sequence initialization defined here. It is recommended to add how to initialize the pseudo-random sequence to make the specification complete. 
Suggestion 3: Add sequence initialization description of PDCCH DM-RS sequence in section 7.4.1.3.1 of TS 38.211
In Section 10.1 of TS 38.213 [8], the description for DMRS sequence initialization is as follows:
If a value for the DM-RS scrambling sequence initialization for Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space is not provided by higher layer parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1, the value is the cell ID. 
Firstly, DMRS for PDCCH will not be scrambled. The intention of DMRS initialization is for randomization, the word ‘scrambling’ will result in confusion and should be removed. The parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1 can be changed to PDCCH-DMRS-Initialization-ID. 
Secondly, a sentence should be added to the end of the paragraph to descript that if the parameter PDCCH-DMRS-Initialization-ID is configured in SystemInformationBlockType1, it is used for DMRS sequence initialization. 
Suggestion 4: 
· The parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1 is changed to PDCCH-DMRS-Initialization-ID
· Add a sentence to the end of the paragraph to make the description more complete.

Text proposal
Text proposal for TS 38.211
Based on the above discussion, we make the following text proposal to capture the suggestions for Section 7.3.2.2, 7.3.2.5 and 7.4.1.3.1 of TS 38.211

/******************** Start of Text Proposal for Section 7.3.2.2 of TS 38.211*********************/
[bookmark: _Toc500952723]7.3.2.2	Control-resource set (CORESET)



A control-resource set consists of  resource blocks in the frequency domain, given by the higher-layer parameter CORESET-freq-dom, and  symbols in the time domain, given by the higher-layer parameter CORESET-time-dur, where  is supported only if higher-layer parameter DL-DMRS-typeA-pos equals 3.
A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource block in the control resource set.
A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-REG mapping only.
The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved, configured by the higher-layer parameter CORESET-CCE-REG-mapping-type, and is described by REG bundles:





[bookmark: _Hlk500448813][bookmark: _Hlk500448903]-	REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET



[bookmark: _Hlk500448980]-	CCE  consists of REG bundles  where  is an interleaver


[bookmark: _Hlk500448443]For non-interleaved CCE-to-REG mapping, and 





For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 



where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index otherwise.
The UE may assume 
-	the same precoding in the frequency domain being used within a REG bundle if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size 
[bookmark: _Hlk498503446]-	the same precoding in the frequency domain being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain

For a CORESET configured by PBCH,  .

/******************** End of Text Proposal for Section 7.3.2.2 of TS 38.211*********************/

/******************** Start of Text Proposal for Section 7.3.2.5 of TS 38.211*********************/
7.3.2.5	Mapping to physical resources





[bookmark: _Hlk498433213]The UE shall assume the block of complex-valued symbols  of a PDCCH to be scaled by a factor  and mapped to a PDCCH candidate which includes a set of CCEs [10.1 TS38.213]. And the set of CCEs are mapped to physical REGs according to 7.3.2.2. For each REG, the complex-valued symbols are mapped to resource elements   in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. 

/******************** End of Text Proposal for Section 7.3.2.5 of TS 38.211*********************/

/******************** Start of Text Proposal for Section 7.4.1.3.1 of TS 38.211*********************/
[bookmark: _Toc500952740]7.4.1.3.1	Sequence generation

The UE shall assume the reference-signal sequence  is defined by

.

[bookmark: _Hlk500028516]where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized at the start of each slot with 

 
where 

-	 for reference signals transmitted in a CORESET configured by the PBCH 



-	 for reference signals transmitted in a CORESET configured by SIB or dedicated RRC signalling where  is given by the higher-layer parameter PDCCH-DMRS-Initialization-ID, if provided, otherwise 

/******************** End of Text Proposal for Section 7.4.1.3.1 of TS 38.211*********************/

Text proposal for TS 38.213

/******************** Start of Text Proposal for Section 10.1 of TS 38.213*********************/
[bookmark: _Toc501054899][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces
-	a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
-	a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-	a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and
-	a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).
A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 14. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of candidates per CCE aggregation level given in Table 10.1-1. 
The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization of Type0-PDCCH common search space is the cell ID. 
For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace.
A subcarrier spacing and a CP length for PDCCH reception with Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space are same as for PDCCH reception with Type0-PDCCH common search space. 
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the DM-RS antenna port of the SS/PBCH reception associated with a corresponding PRACH transmission.
If a value for the DM-RS scrambling sequence initialization for Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space is not provided by higher layer parameter PDCCH-DMRS-Initialization Scrambling-ID in SystemInformationBlockType1, the value is used. Otherwise, is the cell ID is used. 
If a UE is configured for downlink bandwidth part (BWP) operation, as described in Subclause 12, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP, as described in Subclause 12. 

/******************** End of Text Proposal for Section 10.1 of TS 38.213*********************/
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