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1. Introduction
In this contribution, following remaining aspects of PDCCH structure are discussed:
· nshift for interleaving offset
· DMRS scrambling
· CORESET configuration for the CORESET configured by PBCH (a.k.a RMSI CORESET)

2. nshift for interleaving offset
For PDCCH interleaving for a CORESET configured by UE-specific RRC signalling, the parameter CORESET-shift-index having the value range of 0~274 is introduced. The motivation of allowing the same range on this parameter as the number of PRBs per carrier is to give full flexibility with an offset of PRB-level granularity. Since the flexibility is enough large, just using CORESET-shift-index as nshift in the equation works well.
For PDCCH interleaving for the CORESET configured by PBCH, CORESET-shift-index is not available and and hence, NIDcell is used instead. Even for this case, NIDcell can simply replace nshift in the equation. Therefore, our proposal is to change the text TS38.211 section 7.3.2.2 as following:
Proposal 1:
· Following text proposal is adopted for TS 38.211 Section 7.3.2.2.
	[bookmark: _Toc500952723]7.3.2.2	Control-resource set (CORESET)
[bookmark: _Hlk500448443][…]





For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 



where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 


-	 is a function of the higher-layer parameter CORESET-shift-index.
[…]



3. DMRS scrambling
For PDCCH DMRS generation, following agreements have been made:
	Agreements:
· DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID.
· FFS: further randomization to avoid consistent collisions over frames.
· DMRS sequence for PDCCH is generated per symbol.



At the RAN1 AH meeting, possible consistent collisions over frames was discussed. However, if the consistent collision is a serious problem, using SFN as the sequence generation of PDCCH DMRS will not solve the problem: it is a bad cell deployment. Unless it is identified as the specific solution, simple re-use of PDSCH DMRS sequence generation should be adopted. 
Proposal 2:
· Following text proposal is adopted for TS 38.211 Section 7.4.1.3.1.
	7.4.1.3	Demodulation reference signals for PDCCH
[bookmark: _Toc500952740]7.4.1.3.1	Sequence generation


The UE shall assume the reference-signal sequence  for OFDM symbol  is defined by

.

[bookmark: _Hlk500028516]where the pseudo-random sequence  is defined in clause 5.2.1. 
The pseudo-random sequence generator shall be initialized with

Where l is the OFDM symbol number within the slot,  is the slot number within a frame, and
·  is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided
·  otherwise.




4. CORESET configuration for the CORESET configured by PBCH
[bookmark: OLE_LINK1]Following have not been fixed for the CORESET configured by PBCH:
· CCE-to-REG mapping
· Precoder granularity
Obviously, interleaved CCE-to-REG mapping is preferable. The number of rows can be 6. 
Regarding the precoder granularity, the applicable cases of wideband RS need to be concluded. The wideband RS is targeted to coverage-limited while the bandwidth can be wide. Therefore, it should be applicable to the case where the CORESET size is sufficiently larger than a PDCCH candidate. Besides, for FR2, beam-forming is the main case and hence, the use of wideband RS can be limited to FR1. Considering these aspects, the use of wideband RS is for {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz or {30, 15} kHz, and the CORESET size is 96 RBs with 2 or 3 OFDM symbols. Reserved entries in Table 13-5 in TS38.213 can be used for this purpose. Following is the text proposal:
Proposal 3:
· Following text proposal is adopted for TS 38.213 Section 13.
	[bookmark: _Ref500334477][bookmark: _Toc505848944]13	UE procedure for monitoring Type0-PDCCH common search space 
A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the four most significant bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-10 and determines PDCCH monitoring occasions from the  four least significant bits of RMSI-PDCCH-Config, included in MasterInformationBlock, as described in Tables 13-11 through 13-15.  and  are the SFN and slot index of the control resource set based on subcarrier spacing of the control resource set and  and  are the SFN and slot index based on subcarrier spacing of the control resource set, respectively, where the SS/PBCH block with index  overlaps in time with system frame  and slot . For a given RMSI-PDCCH-Config, a UE may assume CCEs are mapped as described in [Section 7.3.2.2 of TS38.211] with CORESET-CCE-REG-mapping-type being equal to interleaved, CORESET-REG-bundle-size being equal to 6, and CORESET-precoder-granularity being equal to the CORESET-REG-bundle-size, except for index 15 of Table 13-1, indices 9-10 of Table 13-3, and indices 9-12 of Table 13-5, in which cases CORESET-precoder-granularity being equal to the size of the CORESET in the frequency-domain.
[…]
Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	1Reserved
	96
	3
	38



Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	2

	1
	1
	48
	1
	6

	2
	1
	48
	2
	2

	3
	1
	48
	2
	6

	4
	1
	48
	3
	2

	5
	1
	48
	3
	6

	6
	1
	96
	1
	28

	7
	1
	96
	2
	28

	8
	1
	96
	3
	28

	9
	1Reserved
	96
	2
	28

	10
	1Reserved
	96
	3
	28

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-5: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	4

	1
	1
	48
	2
	4

	2
	1
	48
	3
	4

	3
	1
	96
	1
	0

	4
	1
	96
	1
	56

	5
	1
	96
	2
	0

	6
	1
	96
	2
	56

	7
	1
	96
	3
	0

	8
	1
	96
	3
	56

	9
	1Reserved
	96
	2
	0

	10
	1Reserved
	96
	2
	56

	11
	1Reserved
	96
	3
	0

	12
	1Reserved
	96
	3
	56

	13
	Reserved

	14
	Reserved

	15
	Reserved









5. Conclusion
In this contribution, we discussed remaining aspects of PDCCH structure and proposed following text proposals.
	7.3.2.2	Control-resource set (CORESET)
[…]





For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 



where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 


-	 is a function of the higher-layer parameter CORESET-shift-index.
[…]



	7.4.1.3	Demodulation reference signals for PDCCH
7.4.1.3.1	Sequence generation


The UE shall assume the reference-signal sequence  for OFDM symbol  is defined by

.

where the pseudo-random sequence  is defined in clause 5.2.1. 
The pseudo-random sequence generator shall be initialized with

Where l is the OFDM symbol number within the slot,  is the slot number within a frame, and
·  is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided
·  otherwise.



	13	UE procedure for monitoring Type0-PDCCH common search space 
A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the four most significant bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-10 and determines PDCCH monitoring occasions from the  four least significant bits of RMSI-PDCCH-Config, included in MasterInformationBlock, as described in Tables 13-11 through 13-15. [image: ] and [image: ] are the SFN and slot index of the control resource set based on subcarrier spacing of the control resource set and [image: ] and [image: ] are the SFN and slot index based on subcarrier spacing of the control resource set, respectively, where the SS/PBCH block with index [image: ] overlaps in time with system frame [image: ] and slot [image: ]. For a given RMSI-PDCCH-Config, a UE may assume CCEs are mapped as described in [Section 7.3.2.2 of TS38.211] with CORESET-CCE-REG-mapping-type being equal to interleaved, CORESET-REG-bundle-size being equal to 6, and CORESET-precoder-granularity being equal to the CORESET-REG-bundle-size, except for index 15 of Table 13-1, indices 9-10 of Table 13-3, and indices 9-12 of Table 13-5, in which cases CORESET-precoder-granularity being equal to the size of the CORESET in the frequency-domain.
[…]
Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	1Reserved
	96
	3
	38



Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	2

	1
	1
	48
	1
	6

	2
	1
	48
	2
	2

	3
	1
	48
	2
	6

	4
	1
	48
	3
	2

	5
	1
	48
	3
	6

	6
	1
	96
	1
	28

	7
	1
	96
	2
	28

	8
	1
	96
	3
	28

	9
	1Reserved
	96
	2
	28

	10
	1Reserved
	96
	3
	28

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-5: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	4

	1
	1
	48
	2
	4

	2
	1
	48
	3
	4

	3
	1
	96
	1
	0

	4
	1
	96
	1
	56

	5
	1
	96
	2
	0

	6
	1
	96
	2
	56

	7
	1
	96
	3
	0

	8
	1
	96
	3
	56

	9
	1Reserved
	96
	2
	0

	10
	1Reserved
	96
	2
	56

	11
	1Reserved
	96
	3
	0

	12
	1Reserved
	96
	3
	56

	13
	Reserved

	14
	Reserved

	15
	Reserved








References
[1] 3GPP TS 38.211
[2] [bookmark: _GoBack]3GPP TS 38.213

- 7/8 -
image2.wmf
1

CORESET

symb

=

N


oleObject2.bin

image3.wmf
{

}

6

,

CORSET

symb

N

L

Î


oleObject3.bin

image4.wmf
{

}

3

,

2

CORESET

symb

Î

N


oleObject4.bin

image5.wmf
L


oleObject5.bin

image6.wmf
(

)

(

)

(

)

LR

N

C

C

c

R

r

r

cR

j

L

N

n

c

rC

j

f

CORESET

REG

CORESET

REG

shift

1

,...,

1

,

0

1

,...,

1

,

0

mod

)

(

=

-

=

-

=

+

=

+

+

=


oleObject6.bin

image7.wmf
{

}

6

,

3

,

2

Î

R


oleObject7.bin

image8.wmf
shift

n


oleObject8.bin

image9.wmf
cell

ID

N


oleObject9.bin

oleObject10.bin

image10.wmf
{

}

274

,...,

1

,

0

shift

Î

n


oleObject11.bin

image11.wmf
)

(

m

r

l


oleObject12.bin

image12.wmf
l


oleObject13.bin

image13.wmf
(

)

(

)

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

+

×

-

+

×

-

=

m

c

j

m

c

m

r

l


oleObject14.bin

image14.wmf
)

(

i

c


oleObject15.bin

image15.wmf
C

SFN


image16.wmf
C

n


image17.wmf
i

SSB,

SFN


image18.wmf
i

n

SSB,


image19.wmf
i


image20.wmf
i

n

SSB,


image21.wmf
CORESET

RB

N


oleObject16.bin

image22.wmf
CORESET

symb

N


oleObject17.bin

oleObject18.bin

image23.wmf
CORESET

symb

N


oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

image24.wmf
C

SFN


image25.wmf
C

n


image26.wmf
i

SSB,

SFN


image27.wmf
i

n

SSB,


image28.wmf
i


image29.wmf
i

n

SSB,


oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

image1.wmf
{

}

6

,

2

Î

L


oleObject1.bin

