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1. Introduction
During RAN1#88 it was identified that the scrambling/rotation sequences proposed in R1-1703087 and R1-1702514 for randomization of NPBCH show some unexpected behaviour regarding cross-correlation properties. In this contribution we provide an explanation of the observed cross-correlation, and offer some solutions to solve these problems.

2. Cross-correlation analysis
The Gold sequence generation in 36.211, Clause 7.2, can be written as

Where  is the second m-sequence and  is the first m-sequence. Bold letters denote binary vectors and functions in  , with  being a length-31 vector containing the register initialization of the second m-sequence (seed). The operator “+” denotes elementwise addition in . We denote by  the i-th entry of binary vector i.
Property 1: The Gold sequence  is an affine function of .
This property can be easily verified by noting that the sequence  is generated by recursive additions of elements of the seed  so the bit  can be written as 
,
where  depends only on the generating polynomial and not on the seed.
Since this is the case, we can write , with  being a binary matrix.
Property 2: The scrambling sequence initialization proposed in R1-1703087 and R1-1702514 (which is initialized every radio frame), for cell ID  and radio frame  can be written as

With  a binary vector that does not depend on , and  a binary vector that does not depend on . In the chosen implementation in the contributions,  is the binary representation of cell id c, and  is the binary representation of , although the analysis applies to general initializations in which the seed can be written as an addition of two functions in which only one of the variables is present. With this and property 1, we can write 
 a

Property 3: For Gold sequences used in two cells c1 and c2 in radio frames f1 ,f2 generated according to the aforementioned contributions,

This property can be readily proved by using the previous properties, where all the binary vectors appear twice or four times (a appears in every term, and , ,  each appear twice).
Property 3 explains why the performance in the aforementioned contributions may be reduced, since the result of descrambling the interference in the first subframe is very similar to descrambling the interference in the second subframe. It can be proved that these properties in the binary domain create some undesired correlation properties in the IQ domain when mapping the sequences to modulation/rotation symbols.

Observation 1: Property 3 can be removed by changing the seed as

Where  cannot be written as  , i.e., is a nonlinear function of  and 

3. Proposed MIB rotation method
As seen in the previous section, the problem with the proposal in R1-1702514 / R1-1703087  is that the seed is a linear function of the cell ID and the frame. By changing the seed initialization to a nonlinear function of cell ID and frame, this problem is seen to be solved.
We propose to use
  

As the scrambling initialization for the Gold sequence in R1-1702514. It can be seen that the cross-correlation properties of the rotation sequence generated with this seed in every radio frame (100 bits per radio frame) have similar properties as having a longer sequence of length 800 symbols which is split into 8 different parts. From UE implementation complexity, is it more desirable to have shorter sequence that are re-initialized in every subframe than a longer sequence that has to be stored in memory (or otherwise re-generated every subframe, which is more costly than generating a short sequence).

In the following, we present some cross-correlation results obtained under the following assumptions:
1. One cell is fixed to cell ID 0, we iterate over PCID 1:512
2. The cross-correlation is obtained as the average cross-correlation of rotation symbols used for the same RE in different subframes (i.e., we calculate a total of 100 cross-correlations of sequences of length 8).
3. The following methods are evaluated
a. Long sequence of 1600 bits (800 modulation symbols) initialized by PCID
b. Short sequences of length 200b/100s as in R1-1702514
c. Short sequences of length 200b/100s as in R1-1702514 with the proposed alternative seed 
d. As a benchmark, iid random bit sequence generated independently for each radio frame

We show the cross-correlation (y axis) vs interfering cell ID (x axis).
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Figure 1 Long sequence cross correlation
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Figure 2 Short sequence with linear seed
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Figure 3 Short sequence with nonlinear seed
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Figure 4 Random bits generated with MATLAB randi

[bookmark: _GoBack]We observe that method a and c perform similarly - actually method c offers a slight advantage in terms of average and cross correlation for this particular case. In view of these observations, we propose the following:

Proposal 1: Adopt method c as the solution for NB-IoT NPBCH scrambling initialization and endorse the TP in the appendix.

Note that the scrambling sequence used in R1-1703087 for the SIB interference randomization may also suffer from this problem, as the seed is also a linear combination of frame and cell ID. The following modification could further reduce the SI acquisition time



Proposal 2: Consider evaluating similar nonlinear initialization for the scrambling sequence for SIB in R1-1703087.

4. Summary
Property 1: The Gold sequence  is an affine function of .
Property 2: The scrambling sequence initialization proposed in R1-1703087 and R1-1702514 (which is initialized every radio frame), for cell ID  and radio frame  can be written as

Property 3: For Gold sequences used in two cells c1 and c2 in radio frames f1 ,f2 generated according to the aforementioned contributions,

Observation 1: Property 3 can be removed by changing the seed as

Where  cannot be written as  , i.e., is a nonlinear function of  and 

Proposal 1: Adopt method c as the solution for NB-IoT NPBCH scrambling initialization and endorse the TP in the appendix.

Proposal 2: Consider evaluating similar nonlinear initialization for the scrambling sequence for SIB in R1-1703087.


Appendix – Text proposal for 36.211


<Text proposal>
[bookmark: _Toc454818200]10.2.4.4	Mapping to resource elements








The block of complex-valued symbols for each antenna port is transmitted in subframe 0 during 64 consecutive radio frames starting in each radio frame fulfilling .  for normal cyclic prefix. Define as the block of complex-valued symbols to be transmitted in subframe 0 of radio frame , as ,  with for normal cyclic prefix, and












where the scrambling sequence ,  is given by clause 7.2, and shall be initialized at the start of each radio frame with . The block of complex-valued symbols  and shall be mapped in sequence starting with  to resource elements . The mapping to resource elements  not reserved for transmission of reference signals shall be in increasing order of first the index, then the index . After mapping to a subframe, the subframe shall be repeated in subframe 0 in the 7 following radio frames, before continuing the mapping of to subframe 0 in the following radio frame. The first three OFDM symbols in a subframe shall not be used in the mapping process. 



For the purpose of the mapping, the UE shall assume cell-specific reference signals for antenna ports 0-3 and narrowband reference signals for antenna ports 2000 and 2001 being present irrespective of the actual configuration. The frequency shift of the cell-specific reference signals shall be calculated by replacing with  in the calculation of in clause 6.10.1.2.  
</Text proposal>
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