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1   Introduction
This contribution is a revision of R1-1716643. 

In RAN1-NR-AH#3, RAN1#90, RAN1-NR-AH#2, and RAN1#89, the relevant agreements in the past meetings for DL control channel structure are as follows,
RAN1#90 Agreement:
· 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.

· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
· 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
· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8
· FFS 16 and 32 aggregation levels and also other numbers
RAN1-NR-AH#2 Agreement:
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

(Note: REG bundle size = REGs in frequency domain x symbols in time domain)

RAN1-NR-AH#2 Agreement:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs
RAN1-NR-AH#3 Agreement:
· For a CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within the CORESET.
RAN1#89 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

· FFS: time-domain precoder-cycling

· Support REG bundle in time-domain being equal to 1 symbol, or;

· Support following:

· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol

· A PDCCH candidate can be mapped across OFDM symbols

In this document, we discuss aspects related to wideband RS precoder granularity, CCE-to-REG mapping and PDCCH-to-CCE mapping.
2   Discussion

2.1 Wideband RS precoder granularity 

In RAN1-NR-AH#3, a working assumption was reached on configurable wideband RS for PDCCH with precoder granularity in frequency domain equal to the number of contiguous RBs in the frequency domain within the CORESET. The DMRS is assumed by the UE to be mapped over all REGs within the CORESET. 
From a channel estimation and PDCCH performance perspective, precoder granularity is the only relevant parameter and as long as DMRS is present/mapped over all REGs in contiguous RBs (in the frequency domain) within the CORESET to which at least one REG of the PDCCH candidate is mapped, the PDCCH performance is not impacted. Further, not mapping over all REGs in a contiguous RBs (in the frequency domain) portion within the CORESET to which no REG of the PDCCH candidate is mapped, reduces unnecessary DMRS transmission (saving energy), reduces DMRS overhead, and increases the amount of available resources for PDSCH transmission (increase spectral efficiency/throughput). Thus, we propose to update the DMRS mapping for wideband RS to: for a PDCCH candidate, UE may assume DMRS is present/mapped over all REGs in contiguous RBs (in the frequency domain) within the CORESET to which at least one REG of the PDCCH candidate is mapped. 
Proposal 1: For the case when the precoder granularity in frequency domain is configured to be equal to the number of contiguous RBs in the frequency domain within the CORESET, 
· for a PDCCH candidate, UE assumes DMRS is mapped over all REGs in contiguous RBs (in the frequency domain) within the CORESET to which at least one REG of the PDCCH candidate is mapped.
2.2 CCE-to-REG mapping

In RAN1#88bis and RAN1#89, it was agreed that a CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET and a CORESET is configured with only one CCE-to-REG mapping.

For a 1-symbol CORESET, in addition to localized/no-interleaving REGs to CCE mapping with REG bundle size of 6, interleaving mapping with REG bundle size of 2 and  6 was agreed in RAN1-NR-AH#2 and RAN1#90. 

For more than 1-symbol CORESET, time-first mapping with REG bundle size equal to the CORESET time duration, localized/no-interleaving and interleaving mapping of REGs to CCE mapping with 6 REG bundle size is agreed. 
It is desirable to support the REG to CCE mapping in a frequency first manner to limit the control channel candidates to fewer ODFM symbols from decoder implementation/latency perspective. For efficient support of analog beamforming and time-domain precoder cycling, restricting REGs of a CCE to span only one OFDM symbol (with REG bundle in time-domain being equal to 1 symbol with more than 1-symbol CORESET ) is beneficial. Therefore, frequency-first mapping of REGs to CCEs should be supported for more than 1-symbol CORESET, and time first vs. frequency first mapping of REGs to CCEs (REG bundle size in time and frequency domain) should be configurable for a control resource set. As transmission of PDCCH in one OFDM symbol is supported for NR, and NR DMRS is mapped on all REGs with the same density and hence sufficient DMRS density is present to account for frequency-first mapping of REGs to CCEs with CORESET duration of more than 1 symbol.

Proposal 2: REG bundle size in the time domain equal to 1 symbol is supported for a CORESET with more than 1-symbol. REG bundle size in time domain and REG bundle size in frequency domain are separately configurable for a CORESET.
2.3 PDCCH-to-CCE mapping 
It is desirable to map CCEs corresponding to a PDCCH control channel candidate such that they occur within as few OFDM symbols as possible (preferably one OFDM symbol). This is advantageous from a decoder implementation/latency perspective and is also potentially advantageous from a resource utilisation perspective. However, in some cases, the frequency span of control resource set may not be large enough to accommodate all CCEs of a control channel candidate (e.g. for higher aggregation levels at smaller bandwidths). For such scenarios, control channel candidate can be constructed using CCEs in multiple OFDM symbols by using the same CCE locations in later OFDM symbols.
Proposal 3: Frequency first mapping is used for mapping CCEs to PDCCH search space candidate.
3   Conclusions

In this document we discuss NR control channel structure. We propose, 
For DMRS mapping for wideband RS, 
Proposal 1: For the case when the precoder granularity in frequency domain is configured to be equal to the number of contiguous RBs in the frequency domain within the CORESET, 

· for a PDCCH candidate, UE assumes DM-RS is mapped over all REGs in contiguous RBs (in the frequency domain) within the CORESET to which at least one REG of the PDCCH candidate is mapped.
For CCE-to-REG mapping, 
Proposal 2: REG bundle size in the time domain equal to 1 symbol is supported for a CORESET with more than 1-symbol. REG bundle size in time domain and REG bundle size in frequency domain are separately configurable for a CORESET.
For PDCCH-to-CCE mapping, 
Proposal 3: Frequency first mapping is used for mapping CCEs to search space candidate. 
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