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1. Introduction
In previous meeting, the following progress on the NR-PDCCH structure was achieved [1]. 
	Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.
· FFS: CORESET(s) configured by non UE-specific signaling.
· FFS: UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.
· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles
Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: Following metrics can be considered
· Good frequency distribution of REG bundles within the CORESET
· [bookmark: OLE_LINK5]Blocking probability for potential overlapped CORESET(s)
· [bookmark: OLE_LINK4]Inter-cell/inter-TRP interference randomization
Working assumption:
· DM-RS density per REG is 1/4 at least for normal CP
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
FFS: URLLC



In this contribution, we discuss the remaining issues including the interleaver for distributed NR-PDCCH, support the frequency-first REG-to-CCE mapping, and the density of DM-RS. 
2. Discussion
2.1. Remaining issues of resource mapping  
As agreed in previous meeting, the distributed resource mapping is realized by interleaving and the interleaving is operated on the REG bundles. By inputting one NR-PDCCH into an interleaver, the NR-PDCCH will be mapped to distributed frequency resource in terms of REG bundles to harvest the frequency diversity gain.  
Fig. 1 shows the general principle of interleaving for PDCCH within a given CORESET when time-domain precoder-cycling is not assumed. Firstly, one CORESET is formed by multiple CCEs with contiguous logical CCE index. Then, CCEs in the CORESET are divided into REG bundles with contiguous logical indexes, where the REG bundle size is determined according to the CORESET configuration. 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 consecutive logical CCEs depending on its aggregation level. The NR-PDCCH is mapped on the physical REG bundles that have logical REG bundle indexes corresponding to the CCEs. 
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Figure 1 General principle for distributed NR-PDCCH realization

As agreed in the last meeting, good frequency distribution of REG bundles, inter-cell/inter-TRP interference randomization, and blocking probability for potential overlapped CORESET(s) are the factors to be considered for the interleaver design. LTE reuses the sub-block interleaver of TBCC to realize the PDCCH distribution which works well in the current LTE system. For NR, such sub-block interleaver is expected to be specified as well and hence, this could also be applicable to NR-PDCCH, at least for non-overlapping CORESET. 
As for CORESET and PDCCH physical layer structure, NR has flexibilities in choosing CORESET configuration such as REG bundle size, number of PRBs for a CORESET, and number of OFDM symbols for a CORESET with contiguous and non-contiguous allocation. However, considering that the input of the interleaver is just the indexes of logical REG bundles, single interleaver function would be sufficient for different CORESET configurations..  For inter-cell/ inter-TRP interference randomization, virtual/physical cell ID-based randomization can be considered. 
· Proposal 1:  
· Interleaver function is common irrespective of CORESET configurations, i.e., CORESET interleaver does not depend on the number of OFDM symbols and the number of PRBs, whether it is contiguous or non-contiguous in frequency, REG bundle size, etc.

[bookmark: OLE_LINK6][bookmark: OLE_LINK10]There is FFS whether to support frequency-first REG-to-CCE mapping for CORESET configured with more than one OFDM symbols, such that time-domain precoder-cycling is enabled. In case of higher carrier frequency, the use of analog beam forming is essential. However, in this case, REG-bundles formed by REGs over all the OFDM symbols for the given CORESET cannot offer time-domain precoder-cycling benefit or facilitate multiple-beam operation in time domain. For time-domain precoder-cycling, instead, REGs within a symbol should be bundled to form a REG-bundle. 

On the other hand, it is not desirable to add huge specification/implementation effort for introducing new REG-bundle size/structure, in addition to the existing ones. 
Taking into account that the use-case of time-domain precoder-cycling is typically mmwave scenario, it is sufficient to consider non-interleaving case. Then, we propose following mapping:
· For multi-symbol CORESET,
· REG-bundle-to-REG mapping on each OFDM symbol follows 1-symbol CORESET with non-interleaving.
· CCE-to-REG-bundle mapping follows 2 or 3-symbol CORESET with non-interleaving.
Figure 2 is an example. At each OFDM symbol, REG-bundle structure is the re-use of that for 1-symbol CORESET. Then, CCE mapping is the re-use of that for 2-symbol CORESET for time-first mapping. In this case, one CCE is composed by parts of two adjacent REG bundles in time domain. By applying different precoders on the two adjacent REG bundles in time-domain, time-domain precoding cycling is enabled.  
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Figure 2 Example of supporting frequency first REG-to-CCE mapping
· Proposal 2:  
· Support time-domain precoder-cycling with the following details.
· REG-bundle-to-REG mapping follows 1-symbol CORESET with non-interleaving on each OFDM symbol.
· CCE-to-REG-bundle mapping follows 2-symbol CORESET with non-interleaving 
2.2. DM-RS 
During the last meeting, there was tough debate on whether the DM-RS density is 1/3 or 1/4. The argument for supporting DM-RS with 1/3 density is to facilitate the MU-MIMO support with orthogonal DM-RS ports. However, necessity of MU-MIMO with orthogonal DM-RS is still unclear to us. Unlike PDSCH/PUSCH, average coding rate of PDCCH is still very low. If a gNB has doubled number of antennas, then the gNB can use the extra degree of freedom in spatial-domain for precoding/diversity to enable higher coding rate (i.e., lower aggregation level), which can achieve the same effect as MU-MIMO. In addition, it was already agreed that MU-MIMO can be supported with non-orthogonal reference signal. Then, support of orthogonal reference signal  requires more/additional standardization effort since it requires that two UEs share the same NR-REG associated with different antenna ports. There may then be an issue that a UE must know which antenna port to use. One approach is to notify the antenna port via explicit way or implicit way. However, it would result in additional signalling overhead or impose some restriction. Another approach is UE tries every possible antenna port. Although it introduces no additional signalling overhead, it may result in an increased number of blind decoding. Considering the unclear benefit and the obvious side effect, we prefer MU-MIMO is supported only with non-orthogonal reference signal, at least in Rel. 15.
For the case of non-MU-MIMO case, we conducted link level simulations to compare the BLER performance of 1/3 DM-RS density and 1/4 DM-RS density in [2]. According to the results, it is observed that, for aggregation level of 1, DM-RS density of 1/4 outperforms the DM-RS density of 1/3. And in the other cases, they show similar performance. Then it can be generally concluded that DM-RS density 1/4 outperforms DM-RS density 1/3.

· Proposal 3: 
· Orthogonal reference signal is not supported for MU-MIMO in Rel. 15.
· Confirm the following working assumption 
· DM-RS density per REG is 1/4 at least for normal CP
3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed the remaining issues of the resource mapping and the DM-RS. According to the discussion, our views are summarized as follows 

· Proposal 1:  
· Interleaver function is common irrespective of CORESET configurations, i.e., CORESET interleaver does not depend on the number of OFDM symbols and the number of PRBs, whether it is contiguous or non-contiguous in frequency, REG bundle size, etc.
· Proposal 2:  
· Support time-domain precoder-cycling with the following details.
· REG-bundle-to-REG mapping follows 1-symbol CORESET with non-interleaving on each OFDM symbol.
· CCE-to-REG-bundle mapping follows 2-symbol CORESET with non-interleaving 
· Proposal 3: 
· Orthogonal reference signal is not supported for MU-MIMO in Rel. 15.
· Confirm the following working assumption 
· DM-RS density per REG is 1/4 at least for normal CP
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