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1 Introduction

In 3GPP RAN1 Meeting #90bis [1], the following agreements were achieved:
· NR support the following interleaver

· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column

· No any further permutation is introduced

· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS
In 3GPP RAN1 Meeting #91 [2], the following agreements were achieved:
· RMSI PDCCH REG bundle size is 6 PRBs
· For a CORESET configured by UE-specific RRC signaling, a configurable ID for cyclic shift of the interleaving unit.

· The value range of the configurable ID is {0 - 274}.

· For a CORESET configured by PBCH/RMSI, physical cell ID is used for the cyclic shift of the interleaving unit.

The contribution mainly discusses some remaining issues on interleaver design for PDCCH, including remaining issues on CORESET configured by PBCH and cyclic shift design.
2 Discussion
2.1 Remaining issues on CORESET configured by PBCH 
There is still no agreement on several parameters related to CCE-to-REG mapping for CORESET configured by PBCH. In order to limit the payload in MIB, most parameters for CCE-to-REG mapping for CORESET configured by PBCH should be predefined. 
Interleaved CCE-to-REG mapping should be used for CORESET configured by PBCH. The CORESET configured by PBCH is mainly used for scheduling RMSI, paging and OSI, though UE-specific PDCCH is possible to be transmitted also, e.g. PDCCH for scheduling UE-specific RRC signaling and PDCCH for scheduling UE-specific data if the size of CORESET is large enough. That is, it can be expected that it is mainly used for PDCCH in common search space. Interleaved CCE-to-REG mapping is beneficial to achieve frequency diversity gain. 

As to the number of rows for the interleaving matrix, 2 is more suitable for integer number of columns in the interleaver matrix. According to the configurations of RMSI CORESET, all candidate-resource are given by Table 1. Since the REG bundle size is predefined as 6, the number of REG bundles is also derived accordingly. In order to avoid inserting any NULL elements in interleaving matrix, the number of rows should be 2 other than {3, 6}. 
Table 1 Candidate resource for RMSI CORESET
	Number of OFDM symbols
	Number of RBs
	Number of REG bundles

	1
	24
	8

	2
	24
	16

	3
	24
	24

	1
	48
	4

	2
	48
	8

	3
	48
	12

	1
	96
	16

	2
	96
	32

	3
	96
	48


Proposal 1: The number of rows R for the interleaver for CORESET configured by PBCH is 2. 
Text proposal for proposal 1 is shown in Appendix, in which the number of rows R of interleaver for CORESET configured by PBCH is added in TS38.211.
2.2 Cyclic shift function 
In current version of 38.211 v15.0.0 after updating according to the AH meeting by editor, the interleaver is described as follows: 
	7.3.2.2
Control-resource set (CORESET)

CCE j will consist of REG bundles {f(6j/L), f(6j/L+1),…, f(6j/L+6/L-1)}, where f(·) is an interleaver. 
…   
The interleaver is defined by 
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The UE is not expected to handle configurations resulting in the quantity 
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 not being an integer.


There exist two issues of the above descriptions. Firstly, the reuse of parameter ‘j’ in CCE index and the variable in interleaver function f(·) is confusing, since the input variable for CCE j in interleaver function should be {6j/L, 6j/L+1,…, 6j/L+6/L-1}. Accordingly, it is suggested to substitute the variable in interleaver function from ‘j’ to ‘x’, where x ∈ {6j/L, 6j/L+1,…, 6j/L+6/L-1}. Accordingly, the interleaver f(·) can be defined by: 
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where 
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 are the number of REGs within the CORESET. Correspondingly, the variable in interleaver function is changed from ‘j’ to ‘x’ in TS38.211. Text proposal is given in Appendix.
Secondly, the function of cyclic shift either for CORESET configured by the PBCH/RMSI or CORESET configured by UE-specific RRC is not captured. The details of the function should be further discussed in RAN1. 

Regarding to cyclic shift of interleaving unit, to reduce collision probability between a CORESET with interleaved mapping and a CORESET with non-interleaved mapping, the cyclic shift should be in 6-REG level in frequency domain. Otherwise it will cause higher blocking probability of PDCCH candidates when two CORESETs with interleaved and non-interleaved mapping are overlapped. An example is shown in Fig. 1, {CCE#0, CCE#1, CCE#2} of non-interleaved CORESET are collided by CCE#0 of interleaved CORESET. 
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Figure 1. High PDCCH blocking probability caused by non-6REG level shift in frequency domain.

If 6-REG level shift is employed, the number of blocked PDCCH candidates is reduced as shown in Fig. 2, only {CCE#0, CCE#1} of non-interleaved CORESET are collided by CCE#0 of interleaved CORESET. 

[image: image10.emf]0 1 2 3

CCE index

2 8 3 9 0 4 6 10 1 5 7 11

1-symbol 

interleaved CORESET

4 5 6 7 0 8 1 9 2 10 3 11

REG bundle indexes

REG bundle size = 2

Interleaved 

mapping, A=2

0 1 2 3

CCE index

2 0 3 1

Non-Interleaving 

mapping

REG bundle indexes

REG bundle size = 6

1-symbol 

Non-interleaved CORESET

2 0 3 1

Cyclic shift with 6-REG level in 

frequency domain


Figure 2. PDCCH blocking probability reduction with 6-REG level shift in frequency domain.

Therefore, based on the configurable ID for COREST configured by UE-specific RRC signaling or the physical cell ID, 
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, for CORESET configured by PBCH/RMSI, the cyclic shift should be given by  
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where 
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 is configured by higher-layer parameter CORESET-shift-index for COREST configured by UE-specific RRC signaling or 
[image: image14.wmf]cell

_ID

CSID

nN

=

 for CORESET configured by PBCH/RMSI. Based on the above discussion, we can have the following proposal: 

Proposal 2: Cyclic shift of the interleaving unit for PDCCH is given by 
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 for CORESET configured by PBCH/RMSI, 
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Text proposal for proposal 2 is shown in Appendix, in which a function between cyclic shift and configurable ID/cell ID is added in TS38.211. 
3 Conclusion
The contribution mainly discusses some remaining issues on PDCCH structure including the interleaver design and the resource mapping. Based on the above discussion, we have the following proposals:
Proposal 1: The number of rows R for the interleaver for CORESET configured by PBCH is 2. 
Proposal 2: Cyclic shift of the interleaving unit for PDCCH is given by 
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Appendix

Text proposal in 38.211 v15.0.1 
--------------------------------------Start of Text Proposal ----------------------------------------------

7.3.2.2
Control-resource set (CORESET)

-------------------------------------Unchanged parts omitted --------------------------------------------

The interleaver is defined by 
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where 
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for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-


[image: image35.wmf]ID

CS

n

_

 is configured by the higher-layer parameter CORESET-shift-index, otherwise.

-------------------------------------Unchanged parts omitted --------------------------------------------

For a CORESET configured by PBCH, 
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------------------------------- End of Text Proposal --------------------------------------
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