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1
Introduction

Issue discussed in this document is RAN1 specific issue. This document is submitted to RAN2 just for information purpose.
During RAN1 #79, the following agreements about PSBCH was achieved[1]:
	Agreement: PD2DSCH contents: 
· DFN: 14 bits = 10 bits counter + 4 bits offset

· TDD UL-DL config: 3 bits: 

· In case of FDD, this field is set to 000, purely for the purpose of decoding of PD2DSCH and does not imply any other UE behaviour

· The UE is assumed to know a priori the duplex mode of the carrier

· In-coverage indicator: 1 bit

· Sidelink system bandwidth: 3 bits

· Reserved field: 20 bits set to a SIB-signalled or preconfigured value in Rel-12

· Inform RAN2 about the above content for PD2DSCH - include in LS to RAN2 and RRC spreadsheet.  


Further, due to octet alignment reason, RAN2 36.331 CR currently uses a reserved field of size 27 bits leading to a total PSBCH size including CRC of 64 bits.

In this contribution, we show that this particular size with the current signal design leads to a bad performance (BLER of 1). This is discussed in Section 2. Based on these results, in Section 3, we propose a solution to fix this problem by changing the reserved field to 19 bits and overall PSBCH size to 56 bits. 

2 
PSBCH performance 
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Figure 1 PSBCH Design (Normal CP)
Figure 1 above shows the agreed signal design which shows symbols used for PSBCH which we summarize as below:

1. (192, 64) Rel-8 convolutional code  with QPSK

2. Mapped to 8 symbols: sym0, sym1,… , sym7

a. Sym7 is dropped at the transmitter (puncturing of last symbol)

b. Sym0 dropped at the receiver (based on 1 symbol AGC).

Based on these assumptions, PSBCH performance is shown in the figure below:
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Figure 2 PSBCH BLER performance
Based on the results in Figure 2, we observe that:

Observation 1: PSBCH has BLER of 1 when 1 symbol is used for AGC training. 

Next, we look at why this is happening – we argue that this is based on peculiar combination of code parameters as well as code design. In particular, the coded bits mapped to time and frequency grid are shown below with red bits being puctured either at transmitter or the receiver:

Sym0    Sym1     Sym2    Sym3    Sym4    Sym5      Sym6    Sym 7

b1,33     b17,49   b9,41    b25,57   b5,37    b21,53   b13,45   b29,61
b3,35     b19,51   b11,43  b27,59   b7,39    b23,55   b15,47   b31,63
b0,32     b16,48    b8,40    b24,56   b4,36    b20,52   b12,44   b28,60
b2,34     b18,50   b10,42  b26,58   b6,38    b22,54   b14,46   b30,62
We note that the pattern above is mainly created by the use of sub-block interleaver (Table 5.1.4-2 of 36.212): 
< 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30 >

The combination of these two design choices leads to two sets of  8 consecutive bits (b28 to b35) and (b60,…,  b63, b0,…, b3) (note that tail biting code is being used) being punctured leading to bad BLER performance. This is demonstrated in the input output LLR distribution shown in Figure 3 below. 
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Figure 3 PSBCH LLR distribution
Thefore we observe: 
Observation 2: Larger PSBCH BLER is caused by:

1. Code length (192) being a multiple of number of symbols used per sub-carrier (16  = 8 symbols x2 bits/symbol) – thus the same set of bits is punctured when repeated.

2. A combination of sub-block interleaver and first and last symbols being punctured leads to ‘0’ LLR on 8 consecutive bits b28, b29, … m b35. 
3. Convolutional code of constraint length 7 is being used 
3 
PSBCH Design change

We note that there are two broad approaches to resolving the prolem with PSBCH performance:

1. Avoid parameters that lead to this alignment – this can be done by simply changing the size of the reserved field from 20 bits to 19 bits.
2. Change signal design, for example, 
a. Use Turbo codes instead of convolutional codes

b. Use rate matching instead of puncturing for the last symbol
c. Use frequency first mapping (i.e. don’t use channel interleaver)

In our view, the proposal to change the size of the reserved field to 19 bits is the simplest and we provide results with this change below:
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Figure 4 PSBCH BLER performance (proposed design)
Based on the results in Figure 4, we observe that:

Observation 3: Changing reserved field size to 19 bits leads to acceptable performance for PSBCH.

Thus, we propose:

Proposal 1: reserved field size of PSBCH is changed to 19 bits. 
3 
Conclusion

In this contribution, we discussed  PSBCH performace and design. We made the following observations and proposals:
Observation 1: PSBCH has BLER of 1 when 1 symbol is used for AGC training. 

Observation 2: Larger PSBCH BLER is caused by:

1. Code length (192) being a multiple of number of symbols used per sub-carrier (16  = 8 symbols x2 bits/symbol) – thus the same set of bits is punctured when repeated.

2. A combination of sub-block interleaver and first and last symbols being punctured leads to ‘0’ LLR on 8 consecutive bits b28, b29, … m b35. 

3. Convolutional code of constraint length 7 is being used 
Observation 3: Changing reserved field size to 19 bits leads to acceptable performance for PSBCH.

Proposal 1: reserved field size of PSBCH is changed to 19 bits. 
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