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1. Introduction
In previous meeting, the following progress on the NR-PDCCH structure was achieved [1]. 

	Agreements:
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)




2. Discussion
2.1. Size of REG bundle
During the last meeting, it was agreed that for the case of 1 OFDM symbol duration, the REG bundle size equals to 2 REGs and for the case of 2 or 3 OFDM symbols duration, the size of REG bundle equals to the CORESET length in time domain. The remaining issue is whether to support the REG bundle size of 6 additionally. Using higher REG bundle size, channel estimation performance can be improved, especially for the case of high Delay spread in low SNR region. According to the simulation results in [2], it is observed that NR-PDCCH with higher aggregation levels show better performance when larger bundle size is configured. Hence, it is better to support REG bundle size of 6. As for the configuration manner of REG bundle size, we don’t see the strong motivation to make it implicit configuration. We prefer explicit configuration for higher flexibility. 
Another remaining issue is whether to apply the same precoder across multiple REG bundles to improve the channel estimation performance. We believe that there is no need to perform inter-REG bundle precoding considering two reasons. The first reason is that the concept of REG bundle was already introduced to improve the channel estimation performance, and according to the discussion in the last paragraph, REG bundle size can be configurable; therefore, if better channel estimation accuracy is demanded, REG bundle size of 6 can be configured. The second reason is that applying inter-REG bundle precoding would impose negative impact on the spatial diversity or beamforming flexibility due to the restriction of precoder usage especially for the NR-PDCCH candidates with lower aggregation level. This restriction would become greater if the nested search space structure is adopted. The nested search space structure, where the NR-PDCCH candidates with lower aggregation levels are formed by a subset REGs of the NR-PDCCH candidates with higher aggregation level would be considered as one promising solution to reduce the channel estimation effort. Under this search space structure, if the precoding/beamforming is per multi-REG bundle basis, the precoding/beam-forming for PDCCH candidates with lower aggregation level under a specific NR-PDCCH candidate with higher aggregation level is restricted by the precoding/beam-forming applied to the NR-PDCCH candidate with higher aggregation level. Thus, considering the weak motivation and the potential restriction, we prefer not to apply inter-REG bundle precoding. 

· [bookmark: OLE_LINK4]Proposal 1: 
· Confirm the working assumption:
· REG bundle size = 6 is also supported. 
· Configuration between REG bundle size = 2/CORESET length and 6 is explicit.
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
2.2. Detailed design for the distributed mapping 
As agreed in previous meeting, the distributed resource mapping is realized by interleaving. By inputting one NR-PDCCH into a interleaver, the NR-PDCCH will be mapped to distributed frequency resource to harvest the frequency diversity gain. Since REG bundle is defined to ensure the channel estimation performance, to preserve such benefit, the granularity for interleaving should be REG-bundle level. 
Fig. 1 shows the general principle of the interleaving of PDCCH within a given CORESET when time-domain precoder-cycling is not assumed. Firstly, one CORESET is mapped to multiple CCEs with contiguous logical CCE index. Then, CCEs in the CORESET are divided into REG bundles with contiguous logical indexes. The logical REG bundles are interleaved with a certain interleaving function and the interleaved logical REG bundles are mapped onto physical REG bundles in increasing order in the frequency domain. One NR-PDCCH is formed by one or multiple logical CCEs depending on its aggregation level. Then the CCEs for a given NR-PDCCH is determined, the NR-PDCCH is mapped on the physical REG bundled that have logical REG bundle indexes corresponding to the CCEs. 
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Figure 1 General principle for distributed NR-PDCCH realization

To achieve better frequency diversity and interference randomization, the design of interleaver for distributed mapping is essential. LTE reuses the sub-block interleaver of TBCC to realize the PDCCH distribution and such sub-block interleaver works well in current LTE system. In NR, such sub-block interleaver is expected to be specified as well and hence, this could also be re-used for PDCCH interleaver. Since interleaving is performed on the REG-bundle level, common interleaving operation should be performed for CORESET with different OFDM symbol duration when time-first mapping is performed.   
· Proposal 2: 
· REG bundle is the basic granularity for interleaved NR-PDCCH
· Sub-block interleaver can be a starting point for NR-PDCCH interleaver

2.3. Time-domain precoder-cycling 
There is FFS whether to support time-domain precoder-cycling. In case of higher carrier frequency, the use of analog beam forming is essential. However, in this case, REG-bundles formed by REGs over different symbols cannot offer time-domain precoder-cycling benefit. Instead, REGs in a symbol should be bundled to form a REG-bundle. 
Introducing new REG-bundle size/structure and mapping specifically for time-domain precoder-cycling requires additional specification effort. The simplest way to enable time-domain precoder-cycling with minimum specification effort is to apply REG-to-REG bundle mapping of 1-symbol CORESET to each OFDM symbol within a multi-symbol CORESET, and then to enable one PDCCH is formed by multiple REGs over the OFDM symbols within the CORESET.  
To enable NR-PDCCH formed by REG bundles of different OFDM symbols for all aggregation levels. The REG bundle-to-CCE mapping can be performed in time-first mapping as shown in Fig. 2. For the distributed NR-PDCCH realization, separate interleaving in each OFDM symbol can be processed. In addition, different interleavers can be applied in different OFDM symbols to further improve the frequency diversity gain. 
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Figure 2 Performing interleaving within each OFDM symbol
· [bookmark: OLE_LINK7]Proposal 3: 
· Time domain precoder cycling is supported 
· Interleaving can be performed per OFDM symbol with different interleavers
3. Conclusion
In this contribution, we discussed the remaining issues of resource mapping including the size of one REG bundle, distributed NR-PDCCH realization and the support of 1-symbol REG bundle when CORESET configured with more than one OFDM symbols. The following is the summary of our proposals 

· Proposal 1: 
· REG bundle size = 6 is also supported for the all the cases 
· The exact size of one REG bundle is configured via explicit way 
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
· Proposal 2: 
· REG bundle is the basic granularity for interleaved NR-PDCCH
· Sub-block interleaver can be a starting point for NR-PDCCH interleaver
· Proposal 3: 
· Time domain precoder cycling is supported 
· [bookmark: _GoBack]Interleaving can be performed per OFDM symbol with different interleavers
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