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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution relates to remaining details of PDCCH stucture for NR. The following agreements and working assumptions were made in RAN1 #88bis [4] and RAN1 #89 [5].
Agreements: [4] 
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.
Agreements: [4] 
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs
· FFS on REG bundle size
· FFS whether REG bundle size is configurable
Agreements: [5]
· 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

Agreements: [5]
· 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
2	The size of REG bundle
2.1. CORESET with more than 1 symbol
Concerning the CORESET length in time domain, RAN1#89 concluded with the following working assumption:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions

Based on this working assumption and the agreement related to CCE size (CCE = 6 REGs), the REG bundle size in frequency is
· 3 REGs with time-first, non-interleaved REG-to-CCE mapping and 2 OFDM symbol CORESET
· 2 REGs with time-first, non-interleaved REG-to-CCE mapping and 3 OFDM symbol CORESET.

Observation #1: REG bundle size in frequency is [3, 2] REGs with time-first, non-interleaved REG-to-CCE mapping and CORESET length of [2, 3] OFDM symbols

In the case with time-first, interleaved REG-to-CCE mapping, there are three options available for the REG bundle size, namely 2, 3, or 6. Figure 1 shows exemplary REG bundle allocations for 8 CCEs in the case with CORESET length = 2 and 3 OFDM symbols. 
· REG bundle sizes [2, 6] are natural options with CORESET length of 2 OFDM symbols (each REG bundle occupies 3 full PRBs in the frequency). 
· REG bundle sizes [3, 6] are natural options with CORESET length of 3 OFDM symbols.

When comparing these options, we think that REG bundle size of 6 REGs is a sufficient solution for the case of interleaved, time-first mapping of REG to CCEs. This is due to the fact that frequency diversity (when needed) can be achieved by distributed allocation of NR-CCEs (of size 6 REGs). On the other hand, time first -principle combined with interleaved mapping of REG bundles (smaller than 6) would result in considerable fragmentation of the CORESET.
Proposal #1: REG bundle size is 6 REGs with interleaved, time-first REG-to-CCE mapping and CORESET length of [2, 3] OFDM symbols.  
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Figure 1. CCE construction based on REG bundle size of [2, 6] and [3, 6] REGs with CORESET size = [2] and [3] OFDM symbols.



2.2. 1-symbol CORESET
One of the open items related to NR-CCE construction with 1-symbol CORESET is the REG bundle size in the case when REGs are mapped in the interleaved manner. It was agreed in RAN1#89 that in the case of 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”. 

Figure 2 shows examples for NR-CCE construction based on REG bundle size of 2 and 3 REGs. It covers allocation of 1, 2, 4, and 8 consecutive CCEs within a predefined CORESET. 
The example indicates that REG bundle size of 2 results in fragmentation of the CORESET, regardless of the number of CCEs allocated. This will have an impact to control channel blocking e.g. in the cases when common CORESET overlaps with UE-specific CORESET with non-interleaved REG to CCE mapping. Figure 2 shows that REG bundle size of 3 is clearly a better option from fragmentation point of view. 

Observation #2: REG bundle size of 2 REGs results in CORESET fragmentation in the case of 1-symbol CORESET 

We have compared the error rate performance of REG bundle size of 2 and 3 in [7]. 
· REG bundle size of 2 REGs outperforms REG bundles size of 3 REGs especially when SNR operation point is high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point. With 8CCEs, the performance difference between REG bundle sizes 3 and 2 is very minor.
· Wideband precoder granularity of 6 REGs outperforms granularity of REG bundle especially when SNR operation point is low. This is the case e.g. with high CCE aggregation levels and/or higher BLER operation point. With 8CCEs precoder granularity of 6 REGs provides better performance (BLER = 1%).

From system complexity point of view it would be prefereable to miniminze the number of size options for REG bundle defined in the NR specification. If a single value is selected, then REG bundle size = 3 seems to be the best option. On the other hand, if there is a need to have also good coexistence with time first mapping with CORESET size of 3 OFDM symbols, then REG bundle size = 2 can be considered as another option. Based on the discussion above, we make the following proposal.

Proposal #2: Support REG bundle size of 3 REGs in the case of interleaved REG to CCE mapping and COREST size of 1 OFDM symbol
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Figure 1. CCE construction based on REG bundle size of [3, 2] REGs, CORESET size = 1 OFDM symbol.

3	Precoder granularity
3.1. Precoder granularity in frequency
[bookmark: _GoBack]Precoder cycling in frequency is a way to realize one-port transmit diversity for NR-PDCCH. Multiple beams are virtualized into one antenna port at the gNB and the operation is almost transparent to the UE. The specification defines only the granularity where precoder is unchanged. Results shown in [7] indicate that in the cell edge conditions (high CCE aggregation level), precoding granularity of 6 REGs (i.e. 2 or 3 REG bundles) in frequency outperforms precoding granularity of 2 or 3 REGs. Based on those results, it makes sense to define that precoding granularity is always 6 REGs in frequency.

Proposal #3: Multi-REG-bundle precoding granularity is supported. Precoding granularity is always 6 REGs in frequency.

3.2. Precoder granularity in time
Precoder cycling can be applied also in time. Generally speaking, it makes sense to define that by default, precoder cycling granularity in time correspons to the duration of the REG bundle in time. However, in certain multi-beam scenarios, in order to support the necessary beam diversity it would be beneficial to be able to transmit the same DCI via multiple beams using different OFDM symbols. This can be made in such that precoder granularty in the time domain is defined to be one OFDM symbol [8].
In order to minimize the system complexity due to different REG to NR-CCE mapping schemes, we think that DMRS resource allocation pattern shall be common for all REGs of PDCCH and it should not vary according to REG to NR-CCE mapping scheme used. This provides a modular solution, which is preferable e.g. from channel decoding complexity as well as channel estimation complexity/performance point of view.  

Proposal #4: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time 
Proposal #5: Consider precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
Proposal #6: DMRS stucture is common for all REGs and does not vary according to REG to NR-CCE mapping principle.
4	Conclusions
In this contribution we have discussed the PDCCH consturction for NR. Based on the discussion, we make the following observations and proposals:
Observation #1: REG bundle size in frequency is [3, 2] REGs with time-first, non-interleaved REG-to-CCE mapping and CORESET length of [2, 3] OFDM symbols.
Observation #2: REG bundle size of 2 REGs results in CORESET fragmentation in the case of 1-symbol CORESET. 

Proposal #1: REG bundle size is 6 REGs with interleaved, time-first REG-to-CCE mapping and CORESET length of [2, 3] OFDM symbols.  

Proposal #2: Support REG bundle size of 3 REGs in the case of interleaved REG to CCE mapping and COREST length of 1 OFDM symbol.

Proposal #3: Multi-REG-bundle precoding granularity is supported. Precoding granularity is always 6 REGs in frequency.
Proposal #4: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time. 
Proposal #5: Consider precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
Proposal #6: DMRS resource allocation pattern is common for all REGs of PDCCH and does not vary according to REG to NR-CCE mapping principle.


The proposed REG bundle sizes in frequency for time-first REG-to-CCE mapping are summarized in Table 1.

	CORESET length (#symbols)
	Non-interleaved REG-to-CCE mapping
	Interleaved REG-to-CCE mapping

	1
	6 (RAN1#89)
	3

	2
	3
	3

	3
	2
	2


Table 1: Proposed REG bundle sizes in frequency (#REGs) for time-first REG-to-CCE mapping.
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