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1 Introduction
The followings were agreed in previous meeting [1]. 
Agreements:

· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization

· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)

· Working assumption: The value range of the configurable ID is the same as that for physical cell ID

· For each CORESET configured by UE-specific RRC signalling, a UE is configured with a configurable ID for DMRS sequence initialization

· Working assumption: The value range of the configurable ID is the same as that for physical cell ID in Rel-15 ( NOTE: there is subsequent agreement made in 7.2 which replaces working assumption

Agreements:

· The same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH.

Agreements:

· Scrambling for PDCCH (after channel coding) is supported.
· No additional RRC parameter is necessary.
· Re-use the ID for DMRS initialization.
This contribution discusses remaining issues and some corrections on PDCCH structure. 

2 Remaining Aspects on PDCCH Structure
2.1 PDCCH scrambling aspects
Scrambling for PDCCH is supported in NR to randomize the inter-cell interference. It was agreed that length-31 Gold sequence is used for scrambling sequence and the scrambling sequence is generated based on the configurable ID for DMRS initialization same as in LTE. How to initialize the scrambling sequence is still FFS. More frequent initialization can achieve more robustness in randomization at the cost of UE complexity for generating a scrambling sequence more frequently. Considering a reasonable trade-off, the scrambling sequence can be initialized in every subframe as in LTE (E)PDCCH. The number of slots per subframe, 
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where NID,p is the configured ID for CORESET p.
Proposal 1: Scrambling sequence for PDCCH is initialized per subframe as 
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2.2 PDCCH resource mapping aspects
Regarding PDCCH resource mapping the following is captured in 38.211 [2].
	2.2.1.1 7.3.2.5
Mapping to physical resources

The UE shall assume the block of complex-valued symbols 
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 and mapped to resource elements  
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 in increasing order of first 
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, then 
[image: image8.wmf]l

, in the resource-element groups used for the monitored PDCCH. 


The interpretation of “REGs used for the monitored PDCCH” can have two different meanings. One is REGs in a PDCCH candidate to monitor for a given aggregation level. The other is whole REGs composing a set of search space in a CORESET. For clearer description, following modification is suggested.
	2.2.1.2 7.3.2.5
Mapping to physical resources
The UE shall assume the block of complex-valued symbols 
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, then 
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, in the resource-element groups used for the monitored PDCCH candidate.


Proposal 2: For PDCCH, the modulated symbols are mapped to the REs in order of frequency-first and time-second in the REGs used for the monitored PDCCH candidate.
2.3 Corrections on interleaving function
In [2], the interleaver function for PDCCH is defined as
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Above equation does not consider the case when the input size (i.e., number of REG bundles, 
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. Therefore, some modification is needed to complete the block interleaver operation when 
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dummy indices such as <NULL> can be padded in front of the input to fit the block interleaver size. After reading out REG bundle indices sequence column by column, the <NULL> can be just removed. Considering this, the interleaving function should be modified as below:
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Figure 1 shows an example of interleaving for PDCCH when 
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. In this example, it is assumed that 
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, L=3, R=3, C=4 and nshift=8. Total 2 dummy indices are padded in front of the input of the interleaver and then the input sequences are written row by row and output sequences are read column by column. The output REG bundle indices are given by {0, 4, 1, 5, 8, 2, 6, 9, 3, 7}.
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Figure 1. Example of interleaving for PDCCH
Proposal 3: Interleaving function is modified by 
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3 Conclusion

This contribution considered remaining issue for PDCCH scrambling and corrections on interleaving function. Followings are proposed:
Proposal 1: Scrambling sequence for PDCCH is initialized per subframe as
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Proposal 2: For PDCCH, the modulated symbols are mapped to the REs in order of frequency-first and time-second in the REGs used for the monitored PDCCH candidate.

Proposal 3: Interleaving function is modified by 
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