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Introduction
In RAN1#86b, a couple of agreements were made regarding the NR-PBCH design. In this contribution we focus on PBCH design for the millimeter wave bands (previously discussed in [1]). Some aspects of PBCH are discussed in [2], such as, its TDM multiplexing and RE mapping within a SS block, subcarrier spacing, and use of other SS signals are reference for PBCH. We compare two multiplexing methods (TDM/FDM) for the sync signals within a sync signal block in [4].

PBCH design

Available periodicity
PBCH is transmitted as part of SS block.  As discussed in [2], every 5 msec,  0.25 msec worth of resources are allocated for the transmission of a SS burst, where each SS burst consists of 14 consecutive SS blocks.   
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[bookmark: _Ref463016939]Figure 1 -- resources allocated to sync transmission

Each burst consists of a number of SS blocks (potentially differently beam-formed). Each SS blocks contains PSS, SSS and may also contain PBCH. Therefore the shortest periodicity for PBCH transmission is every SS block of a burst every 5ms.

However, this shortest periodicity PBCH is not needed in all deployment scenarios and BS can be given flexibility to optimize.  Moreover, a mobility and beam reference signals (MRS) may also need to be transmitted. Therefore, PBCH may not be transmitted as frequently as PSS/SSS. Hence, the BS may not transmit PBCH in some SS blocks. In those SS blocks where PBCH is not present, the BS may transmit MRS instead. Therefore BS has the flexibility to optimize PBCH periodicity for various deployment scenarios (standalone, nonstandalone, DC, CA, etc.) Note that the BW of MRS may be wider than PSS/SSS/PBCH, also the TDM design allows the flexibility to transmit MRS with a potentially different beam than PSS/SSS in the same SS block. An example is shown in Figure 2.


[bookmark: _Ref466047889]Figure 2 -- multiplexing PBCH or MRS with sync signals in a SS block

 Repeating structure in time
As shown in Figure 2, we propose two PBCH OFDM symbols sandwiching PSS/SSS.  Moreover, the two PBCH transmission are kept identical (i.e., same redundancy versions).  This ‘sandwiching and repeating’ structure of PBCH then permits finer CFO estimation. Moreover, post-acquisition, the repeating structure offers UE some opportunity for RX beam refinement.  

Reference signal and transmission scheme
For good link budget and/or acquisition time, the design should support transmit diversity for PBCH. As discussed in [2], SSS can be repurposed to provide reference for PBCH for upto 2 ports, therefore SFBC with two ports can be supported without additional DMRS overhead.  For more than 2-port diversity, the resource overhead of DMRS has to be evaluated to determine if further improvement in link budget is achievable.



Figure 3 -- proposed SSS signal design

PBCH content and capacity
The following was agreed in RAN1#86b:
	Agreements:
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded



Conveying SS block index: PBCH design should permit the UE to combine transmissions from different SS blocks: indeed, multiple beams (even within burst) can excite a cluster and deliver useful signal to the UE. Moreover, multibeam sync design should permit the BS the flexibility in beam shape and beamsweep pattern, and the BS may indeed use wider or even pseudo-omni beams through a burst. In a companion paper [6], we describe a design that conveys SS block index in PBCH while still permitting the UE to combine PBCH from different SS blocks. 
PBCH capacity: Below we provide preliminary PBCH link-level results with SFBC, on CDL-C scaled to 30ns DS.  Detailed parameters are given in [3, Table 1]. Further study is needed, however preliminary results show that PBCH can carry 50—70 bits (excluding CRC).  Therefore Option 2 is realizable. Moreover, due to high available periodicity of PBCH, the essential information can be split over two messages.
[image: ]
Figure 4-- PBCH one-shot decode performance for various TB sizes


Conclusions
Many aspects of PBCH design are tied to other constituents of an SS block. In this contribution, we focus on PBCH proposed the following: 
1. Shortest periodicity for PBCH transmission is every SS block of a burst every 5ms.
2. However, this high periodicity is not needed in all scenarios.  Hence, the BS may not transmit PBCH in some SS blocks and instead transmit MRS.
3. Two PBCH OFDM symbols sandwiching PSS/SSS are proposed that permit finer CFO estimation. 
4. SSS can be repurposed to form reference for PBCH for upto 2 ports. PBCH transmission scheme is FFS.
5. SS block index is conveyed in PBCH while still permitting the UE to easily combine PBCH from different SS blocks
6. Option 2 regarding PBCH content is realizable. Moreover, due to high available periodicity of PBCH, the essential information can be split over two messages.


References 
[1] R1-1610159, “Multi-beam SYNC design”, Qualcomm Inc.
[2] R1-1612024, “Multi-beam SYNC design”, Qualcomm Inc.
[3] R1-1612025, “Multi-beam SYNC evaluation”, Qualcomm Inc.
[4] R1-1612026, “Multiplexing of waveforms of sync”, Qualcomm Inc.
[5] R1-166384, “Initial access in millimeter wave systems”, Qualcomm Inc.
[6] R1-1612034, “Conveying symbol index during multi-beam SYNC”, Qualcomm Inc.

image1.emf
SYNC SYNC

5 msec

250 usec

... 12

1

1

1

2

1

3

0

PSS +

SSS + 

PBCH

SS block

One SS burst


oleObject1.bin
SYNC


SYNC


5 msec


250 usec


...


1


2


11


12


13


0


PSS +
SSS + PBCH


SS block


One SS burst



image2.emf
SYNC SYNC

5 msec

250 usec

... 12

1

1

1

2

1

3

0

PSS+SSS

+PBCH

Nominal sync 

symbols

One burst


image3.emf
P

B

C

H

S

S

S

P

S

S

P

B

C

H

PSS/SSS/

PBCH

M

R

S

S

S

S

P

S

S

M

R

S

PSS/SSS/BRS


oleObject2.bin
PBCH


SSS


PSS


PBCH


MRS


SSS


PSS


MRS


PSS/SSS/BRS


PSS/SSS/PBCH



image4.emf
S

e

(txed from 1

st

set of ports )

d(0)

d(0)

d(1)

d(1)

d(61)

d(61)

d(0)

-d(0)

d(1)

-d(1)

d(61)

-d(61)

S

o

(txed from 2

nd

set of ports )

12 RBs

(144 tones)


oleObject3.bin
d(0)


d(0)


d(1)


d(1)


d(61)


d(61)


d(0)


-d(0)


d(1)


-d(1)


Se
(txed from 1st set of ports )


d(61)


-d(61)


So
(txed from 2nd set of ports )



image5.emf
-24 -23 -22 -21 -20 -19 -18 -17 -16

Prebeamforming SNR (dB)

10

-3

10

-2

10

-1

10

0

P

E

R

80bits

64bits

48bits


