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1   Introduction
In RAN1#89, the following were agreed for DL control channel structure,
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 some aspects of DL control channel structure for NR, including CCE-to-REG mapping and PDCCH-to-CCE mapping.
2   Discussion

2.1 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, 3, 6} with possible down selection was agreed. 

For more than 1-symbol CORESET, at least time-first mapping with REG bundle size equal to the CORESET time duration and localized/no-interleaving REGs to CCE mapping with 6 REG bundle size and interleaving mapping with REG bundle size of {2, 3, 6} is supported. Further, it is FFS whether to support REG bundle in time-domain being equal to 1 symbol. 
It is desirable to limit 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. However, if the REGs of a CCE span multiple OFDM symbols with REG bundling in time, DMRS sent in one OFDM symbol on the same PRBs can be used for channel estimation in other symbols. For efficient support of analog beamforming and time-domain precoder cycling, restricting REGs of a CCE to span only one OFDM symbol (with REG bundling in frequency and DM-RS per REG) 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 should be configurable for a control resource set. As transmission of PDCCH in one OFDM symbol is supported for NR, and NR DMRS should have sufficient density to account for frequency-first mapping of REGs to CCEs with CORESET duration of more than 1 symbol.

Proposal 1: For more than 1-symbol CORESET, frequency-first CCE-to-REG mapping (with REG bundling in frequency and 1-symbol in time domain) is also supported. Time first vs. frequency first mapping of REGs to CCEs is configurable for a control resource set.

Regarding the REG bundle size, it was agreed in in RAN1#87 that “NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain”. Given this, it is desirable to make NR-PDCCH design compatible with characteristics of NR-PDSCH resource allocation whenever possible. For example, if PDSCH resource allocation based on RBGs is supported for NR (i.e., similar to LTE RA Type 0), then REG bundle size should be preferably chosen such that the REG bundle size is a sub-multiple of the RBG size used for NR-PDSCH.
Proposal 2: REG bundle size is a sub-multiple of the RBG size used for NR-PDSCH to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.
2.2 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.
In RAN1#88bis the impact of NR-CCE definition on the supported aggregation levels and relationship to data resource allocation granularity was discussed. For LTE, PDCCH is transmitted in a control region that is not shared with PDSCH in frequency domain. When EPDCCH was introduced, it was desirable to maintain commonality with PDCCH whenever possible. To support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain, as agreed in RAN1#87, it is desirable to make NR-PDCCH design compatible with characteristics of NR-PDSCH resource allocation whenever possible. For example, if PDSCH resource allocation based on RBGs is supported for NR (i.e., similar to LTE RA Type 0), then the aggregation levels supported for NR-PDCCH should be preferably chosen such that the size of NR-PDCCH candidates and RBG size used for NR-PDSCH evenly divide (multiple or sub-multiple of) each other as much as possible. 

For example, if RBG size of 3RBs is used for NR-PDSCH (i.e., similar to 10MHz BW case for LTE), a CCE size/aggregation level combination that results in NR-PDCCH candidates spanning n*3RBs (at least for the no interleaving case) can provide a better reuse (of PDCCH to PDSCH resources) than candidates spanning L*6RBs (e.g., CCE size of 6REGs/RBs and L=4,8). However, allowing for such considerations (e.g. choosing aggregation levels based on RBG size for PDSCH) can make NR-PDCCH design more elaborate than LTE and the number of options should be limited to control implementation complexity. 
Proposal 4:  Aggregation levels and NR-PDCCH candidate sizes should be preferably chosen such that the size of NR-PDCCH candidates and RBG size used for NR-PDSCH evenly divide (multiple or sub-multiple of) each other to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.  
3   Conclusions

In this document we discuss NR control channel structure. 
For REG-to-CCE mapping, we propose,
Proposal 1: For more than 1-symbol CORESET, frequency-first CCE-to-REG mapping (with REG bundling in frequency and 1-symbol in time domain) also supported. Time first vs. frequency first mapping of REGs to CCEs is configurable for a control resource set.

Proposal 2: REG bundle size is a sub-multiple of the RBG size used for NR-PDSCH to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.

For PDCCH-to-CCE mapping, we propose,
Proposal 3: Frequency first mapping is used for mapping CCEs to search space candidate. 

Proposal 4:  Aggregation levels and NR-PDCCH candidate sizes should be preferably chosen such that the size of NR-PDCCH candidates and RBG size used for NR-PDSCH evenly divide (multiple or sub-multiple of) each other to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.
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