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Following agreements were made in WG1 meeting #89 [1]:
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
Working assumptions:
· 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

The benefits and drawbacks of time-first and frequency-first REG-to-CCE mapping are discussed in the contribution. It is also assumed that same analog beam is used over all OFDM symbols within CORESET.
 
About NR-PDCCH structure 
One of the goals of the NR-PDCCH specification work is to keep total number of blind decoding attempts at a reasonable level. The number of blind decoding attempts can be thought to be calculated the simplest by multiplying the total number of NR-PDCCH candidates and the number of possible DCI payload sizes in control resource set. Another goal for NR-PDCCH specification work is to minimize channel estimation effort, which can be achieved by arranging the NR-PDCCH candidate positions into search spaces using so called hierarchical search space.
Blind decoding procedure consist of multiple sub-operations like de-mapping, rate de-matching, decoding and CRC checking, which can similarly get complicated with improper NR-PDCCH structure design.
Constant control channel element size within the control resource set is the desired feature considering rate de-matching but also for keeping constant code ratio for all blind decoding candidates in certain aggregation level.
Both PDCCH and EPDCCH have constant control channel element size in most of the possible configurations despite of their different realization: PDCCH has always 36 resource elements in CCE, which consists of 9 equally sized REGs. EPDCCH has EREG size that varies depending on the PDCCH and reference symbol overhead in PRB pair as well as according to special subframe configuration. Since ECCE consists alternatively 4 or 8 EREGs the total number of REs in ECCE stays constant. Also CRS reference symbols decimate ECCEs equally. The only exceptions, where ECCE sizes can vary in FDD are subframes having CSI-RS.
Constant control channel element size is desirable also in NR. So far it has been agreed that one NR-REG exists in one OFDM symbol within one PRB. However NR-REG size in resource elements has not been specified yet. There are currently two options for NR-REG size:
Option 1: NR-REG size can be constant over all OFDM symbols in CORESET
Option 2: NR-REG size is OFDM symbol specific.
The drawback in first option comes from the possible poor resource utilization (some OFDM symbols will have DMRS REs and some other OFDM symbols will not) and the benefit comes from the equally sized NR-CCEs in all possible configurations. The latter option has good resource utilization but may cause improper design with unequally sized NR-CCEs.
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[bookmark: _Ref485114369]Figure 1 Possible NR-CCE sizes with time first NR-REG to NR-CCE mapping
It was agreed in RAN WG1 Meeting #89 that NR-CCE size is 6 NR-REGs and that at least time-first NR-REG to NR-CCE mapping will be supported in NR.
Figure 1 describes possible NR-CCE sizes for time first NR-REG to NR-CCE mapping in case of Option 2 for three different CORESET sizes and different DMRS configurations. CORESET sizes in time dimensions are one, two or three OFDM symbols. DMRS is also assumed to be either in one, two or all OFDM symbols and DMRS overhead 33 %. Overhead can also be thought to be come from some other source than reference symbols.
As can be seen, different CORESET size configurations in time dimension inevitably lead to different NR-CCE sizes: 48 REs in 1 OFDM symbol case, 48 or 60 Res in 2 OFDM symbol case and 48 or 56 or 64 Res in 3 OFDM symbol case. However, time-first mapping ensures that unequal NR-REG sizes in different OFDM symbols do not manifest itself in NR-CCE sizes within CORESET. This means that if the CORESET size in time dimension stays the same, all NR-CCEs within the CORESET have the same size, which in turn simplifies de-mapping and rate de-matching procedures.
Observation: Time-first mapping ensures that unequal NR-REG sizes in different OFDM symbols do not manifest itself in NR-CCE size.
Frequency-first NR-REG to NR-CCE mapping has not yet been selected for NR. Here are some observations, which do not advocate supporting frequency-first mode with current working assumptions.
[image: ]
[bookmark: _Ref485035788]Figure 2 Frequency-first NR-REG to NR-CCE mapping with time-first NR-CCE to NR-PDCCH candidate mapping and CORESET size maximum for aggregation level 8.
Figure 1 shows an example about frequency-first NR-REG to NR-CCE mapping with time-first NR-CCE to NR-PDCCH candidate mapping and CORESET size maximum for aggregation level 8. CORESET is alternatively mapped to either 2, 3 or 4 OFDM symbols. Current working assumption is that control region size will be 1-3 OFDM symbols in lower bandwidths and 1-2 OFDM symbols in wider bandwidths i.e. 4 OFDM symbol will not be supported.
Aggregation levels will be most probably power of two in NR (this is the case also with LTE PDCCH and EPDCCH). One and two and four OFDM symbol control region sizes are suitable in resource utilization point of view (CORESET has same frequency dimension in all OFDM symbols) but three OFDM symbol control region size is not, since any of the aggregation level sizes are not divisible with three. Four OFDM symbol wide CORESET size would be better choice for frequency-first mapping.
Observation: Three OFDM symbols wide CORESET size is not compatible with frequency-first NR-REG to NR-CCE mapping.
Figure 3 describes possible NR-CCE sizes for frequency-first NR-REG to NR-CCE mapping in case of Option 2 for three different CORESET sizes and different DMRS configurations. If frequency-first mapping would be used, each NR-REGs/NR-CCEs had unequal sizes in different OFDM symbols unless DMRS was transmitted in every OFDM symbols. This would restrict interleaving to be done within one OFDM symbol regardless of what bundling size is used for NR-REGs. Furthermore, code rate would depend on used NR-PDCCH candidate position atleast on aggregation level 1. This would complicate both demapping and rate de-mathcing procedures.
Observation: Frequency-first NR-REG to NR-CCE mapping complicates both interleaving, demapping and rate de-matching procedures.
Since already agreed time-first NR-REG to NR-CCE mapping outperforms frequency-first NR-REG to NR-CCE mapping in implementation and blind decoding simplicity, we propose that Frequency-first NR-REG to NR-CCE mapping is not supported in NR when CORESET is transmitted using only one beam.
Proposal: Frequency-first NR-REG to NR-CCE mapping is not supported in NR, when CORESET is transmitted using only one analog beam. 
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[bookmark: _Ref485114757]Figure 3 Possible NR-CCE sizes with frequency first NR-REG to NR-CCE mapping
If all OFDM symbols are transmitted in different analog beams the NR-REG and NR-CCE sizes are according to rightmost tables in Figure 3. In that case described reconfiguring in rate de-matching stage is not needed for different blind decoding candidates.
Conclusions
In this paper, following observations and proposal were presented:
Observation: Time-first mapping ensures that unequal NR-REG sizes in different OFDM symbols do not manifest itself in NR-CCE size.
Observation: Three OFDM symbols wide CORESET size is not compatible with frequency-first NR-REG to NR-CCE mapping.
Observation: Frequency-first NR-REG to NR-CCE mapping complicates both interleaving, demapping and rate de-matching procedures.
Proposal: Frequency-first NR-REG to NR-CCE mapping is not supported in NR, when CORESET is transmitted using only one analog beam. 
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