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1. Introduction
At the RAN1#88b meeting, how to construct one NR-PDCCH was discussed and the following agreements were achieved [1]:
	Agreement:
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:
· 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
Working assumption:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.



In this contribution, we will firstly figure out the potential resource mapping schemes to realize the distributed resource mapping and localized resource mapping when multiple OFDM symbols are configured for one control resource set. Then link level evaluation is carried out to compare the performance. Thereafter, our views will be shared based on the discussion and evaluation results. 
2. Discussion
During the last meeting, the NR-CCE size is set as 6 REGs temporally by the working assumption. We recommend to confirm this working assumption considering a trade-off between performance of NR-PDCCH with lower ALs and overhead of that with higher ALs; 6 REGs offers reasonable coding rate for NR-PDCCH with AL=1 assuming DCI payload of 60 + 16 bits, and enables to map NR-PDCCH with AL=8 in one OFDM symbol if the bandwidth of the control resource set is around 50 RBs. Similarly, to facilitate the link adaptation, multiple aggregation levels should be supported in NR. For eMBB traffic, the existing aggregation level of 1 CCE,2 CCEs,4 CCEs and 8 CCEs can be the starting point. For the uRLLC traffic, to satisfy higher requirement in the reliability, higher aggregation levels can be considered. 
Proposal 1:
· NR-PDCCH is formed by K CCEs and one CCE contains 6 REGs
· For eMBB, K could be 1,2,4 or 8
· For uRLLC, higher values can be set for K. FFS the exact values 
2.1. Potential resource mapping schemes
As discussed in last meeting, the concept of REG bundle could improve the channel estimation performance. Therefore, in the following discussion, REG bundle is utilized for the resource mapping. 
2.1.1. Distributed mapping
For the distributed mapping, the following options are possible considering different manners for the constructions of REG bundle, CCE and NR-PDCCH when there are multiple OFDM symbols configured for one control resource set. 

· Option 1:
· One REG bundle is formed by contiguous REGs in frequency domain 
· One CCE is formed by distributed REG bundles within one OFDM symbol
· One NR-PDCCH is formed by distributed REG bundle within one OFDM symbol 
· Precoder cycling is applied per REG bundle

· Option 2: 
· One REG bundle is formed by contiguous REGs in frequency domain 
· One CCE is formed by contiguous REG bundles in time domain 
· One NR-PDCCH is formed by distributed CCEs in time domain 
· Precoder cycling is applied per REG bundle

· Option 3: 
· One REG bundle is formed by contiguous REGs in frequency domain 
· One CCE is formed by distributed REG bundles in different OFDM symbols 
· One NR-PDCCH is formed by distributed REGs bundles in frequency domain and time domain 
· Precoder cycling is applied per REG bundle

· Option 4: 
· One REG bundle is formed by contiguous REGs in time domain 
· One CCE is formed by distributed REG bundles in frequency domain 
· One NR-PDCCH is formed by distributed REGs bundles in frequency domain 
· Precoder cycling is applied per REG bundle
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Figure 1 Example of Option 1 for distributed mapping
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Figure 2 Example of Option 2 for distributed mapping
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Figure 3 Example of Option 3 for distributed mapping

[image: ]
Figure 4 Example of Option 4 for distributed mapping

2.1.2. Localized mapping 
For localized resource mapping, we consider the following options are possible considering different manners for the constructions of REG bundle, CCE and NR-PDCCH when there are multiple OFDM symbols configured for one control resource set.

· Option 1: 
· One REG bundle is formed by contiguous REGs in frequency domain 
· One CCE is formed by contiguous REGs in frequency domain within one OFDM symbol
· One NR-PDCCH is formed by contiguous CCEs within one OFDM symbol
· CSI-based beamforming is applied per CCE


· Option 2: 
· One REG bundle is formed by contiguous REGs in frequency domain 
· One CCE is formed by contiguous REG bundles in time domain 
· One NR-PDCCH is formed by contiguous CCEs in frequency domain 
· CSI-based beamforming is applied per CCE

· Option 3: 
· One REG bundle is formed by contiguous REGs in time domain 
· One NR-CCE is formed by contiguous REGs bundles in frequency domain 
· One NR-PDCCH is formed by contiguous REG bundles in frequency domain 
· CSI-based beamforming is applied per REG bundle
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Figure 5 Example of Option 1 for localized mapping
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Figure 6 Example of Option 2 for localized mapping
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Figure 7 Example of Option 3 for localized mapping

2.2. Evaluation results
Link level simulation is carried out to compare the performance of the above resource mapping options. Simulation parameters are summarized in the appendix. Fig. 8- Fig 11show the simulation results for the options of distributed resource mapping and options of localized resource mapping in the case of 2 OFDM symbols and 3 OFDM symbols respectively. 
For options of distributed resource mapping in the case of 2 OFDM symbols, similar performance is achieved for all options for aggregation levels of 2~8 and inferior performance is shown in Opt.4 for aggregation level of 1 compared with other options. In case of 3 OFDM symbols, Opt.4 shows very slight gain (around 0.5 dB) over the other options for all aggregation levels. Opt.1 could restrict the whole NR-PDCCH within one OFDM symbols, which could enable fast processing. For Opt. 2 and Opt.3, different REG bundles are multiplexed in TDM manner and FDM manner, thus beam cycling in both time domain and frequency domain can be achieved. Between Opt.2 and Opt.3, Opt.3 only is sufficient as Opt.2 has no benefit compared to Opt. 3. While, for Opt.4 only beam cycling in frequency domain is available due to REG bundles multiplexed in FDM manner only and it only shows very small gain in limited cases. Thus, we could firstly consider Opt.1 and Opt.3 as candidate resource mapping schemes for distributed NR-PDCCH. 
For options of localized mapping in the case, Opt.1 outperforms Opt.2 and Opt.3 slightly. In addition, Opt.1 could enable fast processing and work well in the analog beamforming case. As for the comparison between Opt.2 and Opt.3, in case of 2 OFDM symbols, they experience quite similar performance and for the case of 3 OFDM symbols, Opt.3 shows very small gain over Opt.2(around 0.2 dB). On the other hand, Opt.2 has the following merits; first, it leads to more localized resource mapping in frequency domain compared with Opt.1, which is beneficial to concentrate the NR-PDCCH in the frequency band experiencing good channel quality in frequency selective channel; second,  unlike option 3, one REG bundle does not span over multiple symbols while REG bundles are TDMed/FDMed, which enables beam cycling not only in frequency-domain but also in time-domain when the gNB wants to do so. Therefore, we prefer to consider Opt.1 and Opt.2 as candidate resource mapping schemes for localized NR-PDCCH.  
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Figure 8 Evaluation results for distributed mapping options for the case of 2 OFDM symbols 
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Figure 9 Evaluation results for distributed mapping options for the case of 3 OFDM symbols
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Figure 10 Evaluation results for localized mapping options for the case of 2 OFDM symbols
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Figure 11 Evaluation results for Localized mapping options for the case of 3 OFDM symbols

· Proposal 1
· At least support Opt.1 and Opt. 3 of distributed resource mapping as candidate resource mapping schemes for distributed NR-PDCCH
· At least support Opt.1 and Opt.2 of localized resource mapping as candidate resource mapping schemes for localized NR-PDCCH
3. Conclusion
In this contribution, we discussed and evaluated the potential resource mapping schemes for both distributed NR-PDCCH and localized NR-PDCCH. Based on the evaluation and discussion, our views are summarized as below. 
· Proposal 1
· At least support Opt.1 and Opt. 3 of distributed resource mapping as candidate resource mapping schemes for distributed NR-PDCCH
· At least support Opt.1 and Opt.2 of localized resource mapping as candidate resource mapping schemes for localized NR-PDCCH
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Table 1 Evaluation parameters
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Parameter Value

Carrier frequency 4GHz

Channel model TDL-A, delay spread 300ns

System bandwidth 10M Hz

Subcarrier spacing 15k Hz

CP overhead 6.6%

UE speed 3km/h

Antenna configuration 2-by-2

DCI  60+16

Channel coding TBCC

Receiver Channelestimation-based

Channel estimation MMSE

Waveform CP-OFDM

Phase-noise Not modelled
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