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1. Introduction
In RAN1 #90 [1] and NR#3 [2], the following agreements on NR-PDCCH physical structure and DMRS have been reached. 
	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
· Blocking probability for potential overlapped CORESET(s)
· Inter-cell/inter-TRP interference randomization
Agreements:
· Confirm the following 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
· DMRS density per REG for extended CP is same as that for normal CP
Working assumption:
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.
Agreements:
· DMRS positions for PDCCH
· Working assumption: Equally-distributed within a REG
Working assumption:
· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.



This contribution presents our view on some remaining details on NR-PDCCH structure and DMRS, specifically to address some of above FFS issues. 
2. Discussion
2.1 Interleaver design for CCE-to-REG mapping 
According to the above agreements, interleaving operates on REG bundles, and the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration. Moreover, the interleaver design should take into account the following performance metrics: frequency distribution of REG bundles within the CORESET, blocking probability for potential overlapped CORESET(s), and inter-cell/inter-TRP interference randomization. In our view, the primary goal of the interleaver for CCE-to-REG mapping should be frequency distribution of the REG bundles within the CORESET.
From the standpoint of maximizing the frequency distribution of each CCE within the CORESET, the sub-block interleaver used in LTE PDCCH is the most effective solution [3] [4]. Specifically, each entry in the sub-block interleaver shall be the configured REG bundle instead of REG in LTE PDCCH sub-block interleaver. The number of rows in the interleaver matrix is equal to the number of REG bundles per CCE. And the number of columns is equal to the number of CCEs supported in the CORESET. The REG bundles numbered in ascending order in frequency are written into the sub-block interleaver matrix row-by-row, followed by some inter-column permutation, and read out column-by-column. The sequential REG bundles at the output of the interleaver form the CCE in logical number, on which the search space is defined. 
Additionally, cell-/TRP-specific inter-column permutation can potentially improve the inter-cell/TRP interference randomization. In addition, some other parameters like CORESET index, start symbol index of the CORESET and slot index may be also taken into account for the inter-column permutation. However, it is foreseen that similar to LTE PDCCH, search space [2] may also consider these parameters for the sake of improved blocking probability and interference randomization, hence all these parameters may not be necessary for inter-column permutation of the interleaving operation.    
In addition to the block interleaver described above, several other interleaver options were also proposed in RAN1-NR#3. Specifically, two-step based interleaver approaches were presented in [5] [6] with the intention to moderate the blocking probability of search spaces configured with overlapped CORESETs. Due to the argument that more distributed CCE can cause larger blocking probability, the essential idea of two step approaches is to distribute CCE in a more controlled manner so that reduced frequency distribution of CCE over the CORESET can potentially decrease the blocking probability of CCEs among overlapped CORESETs. 
Let X denote the number of REGBs in the CORESET, and Y the number of REG bundles per CCE. We have investigated the impact of number of rows, denoted by R, of the interleaving matrix on the frequency distribution of generated CCEs. Specifically, we compared three cases where R is equal to, larger and smaller than Y. The three cases are illustrated in Figs. 1, 2 and 3, respectively.      
[image: ]     
Figure 1. CORESET of 24 REGBs, Y = 3, i.e., 3 REGBs/CCE, R = Y. Each smallest block refers to a REGB, and all blocks in same color form a CCE.
In the example shown in Fig. 1, a CORESET is comprised of 24 REGBs, each CCE contains 3 REGBs, and interleaving matrix operating on REGB is a 3-by-8 matrix whose number of rows is equal to the number of REGBs per CCE. All the REGBs in the CORESET are sequentially written into the interleaving matrix row-by-row in ascending column order, followed by a column-permutation defined by a vector named c_p, and read out column-by-column in ascending row order. It is shown from Fig. 1 that each CCE is evenly distributed over the CORESET, i.e., 3 REGBs of a CCE are uniformly distributed over the CORESET. As a result, each CCE shall achieve the maximum frequency diversity in the granularity of REGB. Moreover, with a deliberate selection of permutation vector, the CCEs with consecutive logical indices are also evenly distributed over the CORESET, this could potentially simplify the construction of high aggregation level PDCCH candidates, e.g., based on several adjacent CCEs.     
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Figure 2. CORESET of 16 REGBs, Y = 2, i.e., 2 REGBs/CCE, R = 4. Each smallest block refers to a REGB, and all blocks in same color form a CCE.
In the example shown in Fig. 2, a CORESET is comprised of 16 REGBs, each CCE contains 2 REGBs, and interleaving matrix operating on REGB is a 4-by-4 matrix whose number of rows is 2 times than the number of REGBs per CCE. This example represents the situation that number of rows of interleaving matrix is larger than the number of REGBs per CCE. It is shown from Fig. 2 that each CCE is only distributed over the half of the CORESET.
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  Figure 3. CORESET of 24 REGBs, Y = 3, i.e., 3 REGBs/CCE, R = 2. Each smallest block refers to a REGB, and all blocks in same color form a CCE.
In the example shown in Fig. 3, a CORESET is comprised of 24 REGBs, each CCE contains 3 REGBs, and interleaving matrix operating on REGB is a 2-by-12 matrix whose number of rows is smaller than the number of REGBs per CCE. It is shown from Fig. 3 that each CCE is distributed in two segments over the CORESET similar to the outcome of two-step approach in [5]. 
[bookmark: o1]Observation 1: 
· The block interleavers with different number of rows defined as R, with respect to the number of REGs per CCE, denoted by Y, generates the CCEs with different level of frequency distribution over the CORESET.
· In case of  R equal to Y, the generated CCEs are uniformly distributed over the CORESET so as to achieve maximum frequency diversity;
· In case of R being multiple of Y, the generated CCEs are evenly distributed over a sub-region of the CORESET;
· In case of R being smaller than Y, the generated CCE are distributed in a smaller number of segments in the CORESET.

Given the above observations, if it is desired to generate CCE with different level of frequency distribution over the CORESET so as to achieve trade-off between frequency diversity and potential reduced blocking probability among overlapped CORESETs, it can be advantageous to have configurable number of rows for the interleaving matrix.
[bookmark: p1]Proposal 1: 
· Sub-block interleaver is used for the CORESET with interleaved CCE-to-REG mapping. 
· Interleaving matrix can support configurable number of rows.  
2.2 PDCCH DMRS 
[bookmark: _GoBack]According to the above work assumption, precoder granularity in frequency domain for a CORESET can be configurable between 1) equal to the REG bundle size in the frequency domain; or 2) equal to the number of contiguous RBs in the frequency domain within the CORESET. In case of precoder granularity equal to the number of continuous configured RBs in the CORESET, the DMRS is mapped over all REGs within the CORESET. According to another work assumption, the NR DL RA type 0 with the basis in units of 6 RBs can be reused for CORESET resource allocation configuration, and there is no restriction on the maximum number of segments for a given CORESET. As a result, the precoder granularity based on continuous RBs in CORESET shall be one or multiple segment(s) of 6 RBs. When a wideband RS is configured, the wideband RS shall be transmitted in the CORESET independent from the actual PDCCH transmission. Thanks to better channel estimation performance enabled by the wideband RS, the PDCCH coverage can be improved compared to the limits of maximum REG bundling size of 6 REGs. As such, we would like to confirm the WA on wideband RS as follows. 
[bookmark: p2]Proposal 2: 
· For a CORESET, precoder granularity in frequency domain is configurable between 
· 1) equal to the REG bundle size in the frequency domain; or
· 2) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For 2), DMRS is mapped over all REGs within the CORESET.

The current work assumption on the DMRS placement is equally distributed in the REG. Similar to LTE CRS, it is obvious that evenly distributed DMRS should offer the best possible channel estimation performance. Therefore we would like to confirm this work assumption. To mitigate the inter-cell CRS interference, the LTE CRS placement includes a PCI based cyclic-shift feature. We believe such feature can be also beneficial for NR PDCCH DMRS inter-cell interference mitigation. However, to support different deployment scenarios, we should consider to derive the cyclic-shift based on virtual cell ID instead of some fixed relationship to the PCI. The LTE DMRS sequence generation seems to be a good starting point, and the initialization value of the DMRS sequence generation should take at least virtual cell ID as the input to the generation function.       
[bookmark: p3]Proposal 3: 
· DMRS of density 1/4 should be evenly distributed over the REG.
· DMRS placement should support virtual cell ID based cyclic-shift.
· LTE DMRS sequence generation should be the starting point for NR PDCCH DMRS generation, and the initialization value for DMRS sequence generation should include virtual cell ID as the input of the generation function.
3. Conclusions
Given the discussion above, our observations and proposals in this contribution are summarized as follows.
Observation 1: 
· The block interleavers with different number of rows defined as R, with respect to the number of REGs per CCE, denoted by Y, generates the CCEs with different level of frequency distribution over the CORESET.
· In case of  R equal to Y, the generated CCEs are uniformly distributed over the CORESET so as to achieve maximum frequency diversity;
· In case of R being multiple of Y, the generated CCEs are evenly distributed over a sub-region of the CORESET;
· In case of R being smaller than Y, the generated CCE are distributed in a smaller number of segments in the CORESET.
Proposal 1: 
· Sub-block interleaver is used for the CORESET with interleaved CCE-to-REG mapping. 
· Interleaving matrix can support configurable number of rows.  

Proposal 2: 
· For a CORESET, precoder granularity in frequency domain is configurable between 
· 1) equal to the REG bundle size in the frequency domain; or
· 2) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For 2), DMRS is mapped over all REGs within the CORESET.

Proposal 3: 
· DMRS of density 1/4 should be evenly distributed over the REG.
· DMRS placement should support virtual cell ID based cyclic-shift.
· LTE DMRS sequence generation should be the starting point for NR PDCCH DMRS generation, and the initialization value for DMRS sequence generation should include virtual cell ID as the input of the generation function.
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