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1 Introduction
In this paper, the following issues and changes in PDCCH structure are addressed.
1. Mapping PDCCH to physical resources

2. Demodulation reference signal for PDCCH

a. Sequence generation

b. Mapping to physical resources

2 Mapping PDCCH to physical resources
As agreed in 3GPP RAN1 #89 meeting, the REG-to-CCE mapping for a CORESET in a time-first manner is supported. But according to Section 7.3.2.5 of 38.211, the PDCCH resource mapping is unclear and should be further clarified. For simplicity, the resource mapping can be conducted based on Figure 1. The complex-valued symbols of PDCCH are mapped first in frequency within a REG and then in time. 
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Figure 1. Illustration of PDCCH resource mapping

Proposal #1: Revise the text of PDCCH resource mapping in Section 7.3.2.5 of 38.211 to align the RAN1’s agreements.
-------------------------------- Begin of text proposal Section 7.3.2.5 of 38.211 -----------------------------------

The UE shall assume the block of complex-valued symbols 
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 to be scaled by a factor 
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 and mapped to resource elements 
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 comprising a PDCCH candidate. The block of modulated symbols are mapped in increasing order of first 
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 within a resource element group, then 
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, starting from the first REG bundle in the first CCE., in the resource-element groups used for the monitored PDCCH. 

-------------------------------- End of text proposal Section 7.3.2.5 of 38.211 -------------------------------------
3 Demodulation reference signal for PDCCH
Sequence generation

The following lists the agreements regarding DMRS sequence initialization for CORESET configured by different types of configurations. 
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
In the Section 7.4.1.3.1 of 38.211, the definition of sequence initialization is unclear and should be further defined. The sequence initialization of UE-specific RS in LTE can be reused in NR.
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where 
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denotes slot index, and 
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Proposal #2: The DMRS sequence initialization in Section 7.4.1.3.1 of 38.211 should be further defined.
-------------------------------- Begin of text proposal Section 7.4.1.3.1 of 38.211 -----------------------------------

The UE shall assume the reference-signal sequence 
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where the pseudo-random sequence 
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 is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with
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where 
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denotes slot index, and 
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-------------------------------- End of text proposal Section 7.4.1.3.1 of 38.211 -------------------------------------
Mapping to physical resource
The mapping of DMRS sequence to physical resource has not been determined yet in RAN1. According to the Section 7.4.1.3.2 of 38.211, the DMRS symbols are mapped to physical resources in frequency first within a resource element group, then in time. One of the disadvantage of the zigzag DMRS mapping pattern is that the UE needs to perform the DMRS extraction during the CE process multiple times on the same resource element if the UE is configured with overlapping CORESETs with different CORESET time durations. The following options can be used to avoid the drawback.
· Option 1: As depicted in Figure 2 (a). Zigzag DMRS mapping pattern is still used, but the DMRS generation and mapping are based on the maximum CORESET time duration, i.e., 3 symbols.

· Option 2: As depicted in Figure 2 (b). The DMRS sequence generation and mapping are performed per symbol. And the DMRS sequence is mapped to resource elements in increasing order of frequency direction.
In both options, the actual DMRS sequence are truncated based on the occupied resource elements of PDCCH candidates.
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Figure 2. Illustration of DMRS resource mapping

As shown in Figure 2, the UE is assigned a CORESET with 2 OFDM symbols. If the DMRS sequence generation and mapping is based on Option 1, the UE needs to generate DMRS symbols for the third OFDM symbol although the third symbol is not within the physical resource range of configured CORESET. In Option 2, the DMRS sequence generation and mapping are performed per symbol, therefore, the UE doesn’t need to generate DMRS symbols for the possible DMRS REs which are not within the physical resource range of configured CORESET. We prefer Option 2 because it leads to lower UE complexity.
Proposal #3: The DMRS sequence generation and mapping are performed per symbol. And the DMRS sequence is mapped to resource elements in increasing order in frequency direction. The text of Section 7.4.1.3.2 of 38.211 is revised as the text proposal.
-------------------------------- Begin of text proposal Section 7.4.1.3.2 of 38.211 -----------------------------------

The UE shall assume the sequence 
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is mapped to physical resource elements according to


[image: image30.wmf](

)

ë

û

,...

1

,

0

mod

2

,

1

,

0

1

4

3

CORESET

symb

CORESET

symb

RB

sc

DMRS

)

,

(

,

=

=

=

¢

+

¢

+

=

¢

+

×

=

n

N

n

l

k

k

N

n

N

k

k

n

r

a

p

l

k

b

m

 (removed)

[image: image31.wmf](

)

,...

1

,

0

2

,

1

,

0

1

4

3

RB

sc

DMRS

)

,

(

,

=

=

¢

+

¢

+

×

=

¢

+

×

=

n

k

k

n

N

k

k

n

r

a

l

p

l

k

b

m

 (Proposed)
where the following conditions are fulfilled

-
they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,

-
all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain.

...

-------------------------------- End of text proposal Section 7.4.1.3.2 of 38.211 -------------------------------------
4 Conclusions

In this paper, we discuss the remaining issues and changes regarding PDCCH structure. The proposals from the discussion are as follows.

Proposal #1: Revise the text of PDCCH resource mapping in Section 7.3.2.5 of 38.211 to align the RAN1’s agreements.

Proposal #2: The DMRS sequence initialization in Section 7.4.1.3.1 of 38.211 should be further defined.

Proposal #3: The DMRS sequence generation and mapping are performed per symbol. And the DMRS sequence is mapped to resource elements in increasing order in frequency direction. The text of Section 7.4.1.3.2 of 38.211 is revised as the text proposal.
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