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1. Introduction

In current E-UTRA specification, cell specific downlink RS is scrambled by Gold sequence whose component m-sequence generator is initialized by addition cell ID, subframe index and OFDM symbol index [1]. After some analysis, we observed there was problem in the randomization property of scrambling sequences generated with this method as well as other companies. There are several alternative solutions proposed by a number of companies. In this paper, we illustrate the problem with current scrambling sequence generation and compare the alternative solutions to resolve it. Then we propose one solution to be employed. We also suggest similar modifications to be applied to the scrambling sequence generation for other critical channels such as UE specific RS, MBSFN RS, PCFICH, PHICH, PDCCH and PUCCH, etc.
2. Problem in cell specific DL RS scrambling sequence
In current specification, scrambling sequence for cell specific downlink RS is generated by Gold sequence whose upper m-sequence generator is initialized by ‘1’ and lower m-sequence generator is initialized by cell ID, subframe index and OFDM symbol index as follows.

“The pseudo-random sequence generator shall be initialised with 
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 is the OFDM symbol number with a subframe.”
However, due to the linear property of m-sequences, simply adding subframe index and OFDM symbol index in the initial value doesn’t help any randomization of cross-correlation between different cells over different subframes or different OFDM symbols in a time synchronized network.

In other words, let’s assume 
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 value. This means depending on the neighbour cell ID bad cross-correlation between DL RS neighbour cells appears continuously for all the OFDM symbols in a time synchronized network.
This problem is also valid for scrambling sequences for other channels such as UE specific RS, MBSFN RS, PCFICH, PHICH and PUCCH, etc.

3. Alternative solutions
As observed above, adding subframe or OFDM symbol index to the initial value for Gold sequence generator doesn’t help interference randomization but may cause persistent bad cross-correlations in a time synchronized network. We discuss here three alternative solutions to this problem which have been introduced via email reflector. For convenience, we define Cinit as an initialization value for the lower m-sequence generator of the Gold sequence generator, L as an OFDM symbol number within a subframe, S as a subframe number within a radio frame and M as a cell ID.
Alternative 1) Cinit = 2^13 * ((L + 1) * (S + 1) * (M + 1)) + 2^9 * S + M 
This alternative solves the problem with current specification by making the increment of the initialization value due to L and S different depending on the cell ID. On the other hand, we still see two problems with this solution as follows.
Problem A) Depending on the cell ID pair and the amount of time a-synchronisation in an asynchronous network, two neighbour cells come up with same ((L + 1) * (S + 1) * (M + 1)) value in the coincident OFDM symbols carrying downlink RS. This makes bad cross correlation of downlink RS between two cells appears by the period of 10 ms radio frame.

Problem B) There are cell ID pairs, M1 and M2 where M2 +1 = 2 * (M1+1). For example, (0,1), (1,3), (2, 5), (3, 7),... are these cell ID pairs. Between those cell IDs, cross correlation between I component of downlink RS of cell ID M1 and Q component of cell ID M2 doesn’t change according to the OFDM symbol number or subframe number. This is because multiplying an initial value of shift register by 2 is equivalent with shifting the scrambling sequence by 1 chip. 
Alternative 2) Cinit = 2^13 * ((L + 1) * (M + 1)) + 2^9 * S + M
This alternative solves the problem A in the alternative 1 above partially since the term ((L + 1) * (M + 1)) is different within a subframe between different cells in most cases even in an asynchronous network. Anyhow, bad cross correlation periodically appears subframe by subframe in some cases since subframe number S is not included in the multiplication. We think it is desirable to randomize the cross correlation property over the subframes to not prevent channel interpolation between consecutive subframes. On the other hand, this alternative doesn’t solve the problem B in the alternative 1 above.
Alternative 3) Cinit = 2^9 * ((L’ + 1) * (2M + 1)) + M,  L’= 8 * S + L
In this alternative, the term ((L’ + 1) * (2M + 1)) is uniquely derived between different cells in an asynchronous network since L’ value is unique between different L values or S values. Therefore, problem A above is removed. In addition, using (2M + 1) rather than (M + 1) in the multiplication prevents problem B above. 
Figure 1 below shows a link level simulation results of PDSCH decoding in case of cell ID pair 5 and 11 with those three alternatives in a synchronous network, where simulation assumptions are in table 1. Even though we didn’t sorted out cell ID 5 and 11 as worst cross correlation cells, the BLER performance differences are considerable and alternative 3 shows best performance among three alternatives. Therefore, we propose to introduce alternative 3 for the initialization of the downlink cell specific RS scrambling sequence.
Table 1  Link simulation assumptions

	Parameters
	Value

	Number of simulation
	10,000 sub-frames

	Bandwidth
	10MHz

	Modulation
	QPSK

	Channel coding
	Turbo R=1/3

	Amount of resource used in data transmission
	50 RBs

	Channel model
	ETU

	UE speed (km/h)
	3km/h

	Channel estimation
	FFT-based channel estimation

	Number of antennas
	Tx 1, Rx 2
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Figure 1  PDSCH decoding performance with three alternative solutions to the DL RS scrambling sequence initialization

The relevant modification to the current specification in TS36.211 for the alternative 3 is as follows.

	6.10.1.1
Sequence generation

The reference-signal sequence 
[image: image18.wmf])

(

s

,

m

r

n

l

 is defined by


[image: image19.wmf](

)

(

)

1

2

,...,

1

,

0

     

,

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

DL

max,

RB

,

s

-

=

+

×

-

+

×

-

=

N

m

m

c

j

m

c

m

r

n

l


where 
[image: image20.wmf]s

n

 is the slot number within a radio frame and 
[image: image21.wmf]l

 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 at the start of each OFDM symbol where 
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 is the OFDM symbol number with a radio frame.


4. Summary
In this contribution, we illustrated a problem in current scrambling sequence generation for downlink cell specific RS and discussed three alternative solutions. As a conclusion, we suggest to employ alternative 3 to modify the current scrambling sequence initialization method for cell specific downlink RS. We also suggest applying similar modifications to the scrambling sequence initialization for UE specific RS, MBSFN RS, PCFICH, PHICH, PDCCH and PUCCH. It is FFS if we should modify the scrambling sequence initialization for other channels, for example, PMCH.
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Modification to MBSFN RS

	6.10.2.1
Sequence generation

The MBSFN reference-signal sequence
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where 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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Modification to PCFICH

	6.7.1
Scrambling

The block of bits 
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 transmitted in one subframe shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
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where the scrambling sequence 
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Modification to PHICH

	6.9.1
Modulation

The block of bits 
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 transmitted on one PHICH in one subframe shall be modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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. Table 6.9.1-1 specifies the modulation mappings applicable for the physical hybrid ARQ indicator channel.

Table 6.9.1-1: PHICH modulation schemes

Physical channel

Modulation schemes

PHICH

BPSK

The block of modulation symbols 
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 shall be bit-wise multiplied with an orthogonal sequence, resulting in a sequence of modulation symbols 
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 is a cell-specific scrambling sequence generated according to Section 7.2. The scrambling sequence generator shall be initialised with 
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The sequence 
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 is given by Table 6.9.1-2 where the sequence index 
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Modification to PDCCH

	6.8.2
PDCCH multiplexing and scrambling

The block of bits
[image: image50.wmf])

1

(

),...,

0

(

(i)

bit

)

(

)

(

-

M

b

b

i

i

 on each of the control channels to be transmitted in a subframe, where 
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, shall be multiplexed, resulting in a block of bits
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The block of bits 
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 shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.

If necessary, dummy elements shall be inserted in the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to ensure that the length 
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 of the scrambled block of bits matches the amount of resources reserved for PDCCH transmission.


Modification to PUCCH

	5.4.2
PUCCH formats 2, 2a and 2b

The block of bits 
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 shall be scrambled with a UE-specific scrambling sequence, resulting in a block of scrambled bits
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where the scrambling sequence 
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