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1. Introduction
In last meeting, the initialisation value of the shift registers in a 31-element Gold sequence generator for downlink reference signal was agreed [1]. However, we have found critical problems in the agreement. In this document we discuss the problems and propose solutions to solve the problems.
2. Current agreement and problems
For generation of downlink reference signal, pseudo random sequences generated by Gold sequence generator are modulated to complex-valued symbol [2].
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Figure 1. Gold sequence generation, L=31.

In figure 1, the Gold sequence generator is shown. The initial value of top register of Gold sequence generator is ‘0000000000000000000000000000001’. The initial value of lower register of Gold sequence generator consists of Cell ID, Subframe number, and OFDM symbol number. The detail pattern is shown in figure 2.
[image: image2.emf]30

29

28 27

26

25

24

23

22 21

0

20

19

18

17 16

15

14

13

12

11 10

9

8

7

6

5

4 3

2

1

Cell ID 

Subframe # 

OFDM symbol # 

Lower LFSR

LSB

MSB


Figure 2. Initialisation of lower register of Gold sequence generator
The LSB 17bits of lower register are filled out Cell ID (9 bits), Subframe number (4 bits), and OFDM symbol number (4 bits). And the remaining MSB 14 bits of lower register are filled out ‘0’.
However, in some initial values, for example Cell ID = 0, Subframe number = 0, and OFDM symbol number = 0, the PAPR (Peak to Average Power Ratio) value of downlink reference signal increases unacceptably large. 
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Figure 3. Example (Cell ID = 0, Subframe number = 0, and OFDM symbol number = 0)
In figure 3, the worst PAPR case is shown. In this case, the PAPR of downlink reference signal is 12.58dB. If we assume that power boosting for downlink reference signal should be considered, this is a critical problem.

The other problem is cross correlation property between reference signals. Because initial part of Gold sequence is generated by untouched initial value of shift register, if neighbor cells have consecutive Cell ID, the cells have same initial value of shift register with the exception of a few LSB bits. Because the same initial value generates same sequence pattern, the reference signals between the cells would be same in the part of whole system bandwidth. So the cross correlation property of reference signals between the cells would be poor in this case, therefore channel response and quality estimation performance would be deteriorated.
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Figure 4. Overlap of reference signals between cells

The PAPR and cross correlation property are important factors for choosing reference signal. We should solve the problems mentioned above.
3. Solutions
In this section, we propose the solutions. There are two possible solutions.
3.1. Typical value for lower register
The one is that MSB 14 bits of lower shift register of Gold sequence generator is filled with typical value. In current specification, LSB 17 bits of lower shift register of Gold sequence can not be changed at discretion, because the bits are changed according to Cell ID, Subframe number, and OFDM symbol number. So, we propose to set the remaining MSB 14 bits with typical value instead of all zero that can reduce PAPR value. 
The typical value we found by exhaustive search is ‘00111101101100’. We observed that worst case of PAPR of downlink reference signal reduced to around 2.6 dB by using the typical value. The PAPR results when the MSB 14 bits are filled with all zero and typical value are shown in table 1.

Table 1. PAPR results of downlink reference signal

(a) All zero
	# of RB
	MSB
	Peak value
	PAPR
	PAPR [dB]

	6
	00000000000000
	1.06 
	1.89 
	2.76 

	12
	00000000000000
	1.33 
	2.36 
	3.74 

	25
	00000000000000
	2.18 
	3.71 
	5.70 

	50
	00000000000000
	5.16 
	8.81 
	9.45 

	100
	00000000000000
	10.60 
	18.10 
	12.58 


(b) Typical value
	# of RB
	MSB
	Peak value
	PAPR
	PAPR [dB]

	6
	00111101101100
	0.89 
	1.59 
	2.00 

	12
	00111101101100
	1.14 
	2.03 
	3.07 

	25
	00111101101100
	1.40 
	2.40 
	3.80 

	50
	00111101101100
	1.55 
	2.65 
	4.23 

	100
	00111101101100
	1.56 
	2.66 
	4.24 


The results in table 1 (a) and (b) are maximum PAPR value under all of combination of LSB 17 bits in various number of RBs (Resource Block) in all zero and typical value cases. As shown in table 1, the PAPR values are significantly reduced by using typical value. So we propose that the MSB 14 bits of lower register of Gold sequence generator are set to ‘00111101101100’.

By using typical value for MSB 14 bits of shift register, the problem on PAPR of downlink reference signal can be solved. However, the problem on cross correlation property is still remaining. To solve the problem, cyclic shift of reference signal depending on Cell ID is proposed in addition to above solution. 
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Figure 5. Cyclic shift for downlink reference signal
As shown in figure 5, after generation of downlink reference signal to support maximum number for RBs, the generated signal is cyclic shifted depending on Cell ID. In this method, we can solve the problem on cross correlation between the cells that have same initial value with exception of a few bits. This proposal can be applied with minor change of current specification. The detail formula to satisfy the proposal is as follow;

TS 36.211, Start of Text Proposal --------------------------------------------------------
6.10.1.2
Mapping to resource elements

The reference signal sequence 
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The variables 
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 define the position in the frequency domain for the different reference signals where 
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 is given by
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The cell-specific frequency shift is given by 
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The value of cyclic shift, 
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, was decided by considering frequency shift of RS position, number of Cell ID, and the maximum length of reference signal sequence. All of parameters of above equation are same with the equation in 6.10.1.2 in [2].
3.2. Fast forward the sequence generator before use
The other solution is fast forwarding the sequence generator some number of steps before use. The initial sequences of Gold sequence generator are not used by fast forwarding the sequence generator, so the problem on cross correlation property would be solved. Moreover, the PAPR problem in some cases of initial value would be also solved, because the generated sequence would be randomized after enough fast forward. In this method, we can solve the both problems on PAPR and cross correlation.
However, in our observation, we need at least around 1300 bits of the Gold sequence output skipped to get a similar PAPR with data only OFDM Symbols as already mentioned in email reflector. Following current agreement of having different initial values for each OFDM symbol in each subframe, we need around 1300 bits pre-clocking for each OFDM symbol carrying RS or storing shift register states for each OFDM symbol carrying RS.
For this proposal, we also found typical number of pre-clocking out of the range of 0~5000 by exhaustive search. The typical number of pre-clocking is ‘1679’. The PAPR results when fast forwarding the sequence generator by 1679 clocks are shown in table 2.
Table 2. PAPR results of downlink reference signal (1679 clocks)

	# of RB
	MSB
	Peak value
	PAPR
	PAPR [dB]

	6
	00000000000000
	0.96 
	1.71 
	2.33 

	12
	00000000000000
	1.24 
	2.21 
	3.45 

	25
	00000000000000
	1.41 
	2.41 
	3.83 

	50
	00000000000000
	1.48 
	2.52 
	4.02 

	100
	00000000000000
	1.55 
	2.64 
	4.22 


As shown in table 2, the PAPR values are similar with table 1 (b). So, we propose the typical number of fast forwarding is ‘1679’. The detail formula to satisfy the proposal is as follow;
TS 36.211, Start of Text Proposal --------------------------------------------------------
6.10.1.1
Sequence generation

The reference-signal sequence 
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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The new parameter, 
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, for fast forwarding the sequence generator should be decided and we propose that 
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 is 1679. The remaining parameters of above equation are same with the equation in 6.10.1.1 in [2].
4. Conclusion
In this contribution, we discussed problems of downlink reference signal on PAPR and cross correlation properties and proposed the solutions. We suggest one of the two should be reflected in finalization of LTE specification. The proposals can be summarized as follow;
· Alternative 1. Typical initial value of shift register of Gold sequence generator and Cyclic shift depending on Cell ID 
· Typical MSB initial value of lower shift register is ‘00111101101100’ instead of all zero.
· Cyclic shift depending on Cell ID
· Alternative 2. Fast forward the sequence generator before use
· Typical number of fast forwarding is ‘1679’ (within range of 0~5000).
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