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1 Introduction
In Section 6.10.1.1 of [1], it is stated that for cell-specific reference signal sequence 
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where 
[image: image3.wmf]s

n

 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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where 
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. The second m-sequence is initialized with 
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at the start of each OFDM symbol where 
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 is the OFDM symbol number with a sub-frame. 

2 Problems with Current Initialization and Suggested Modifications
In [2], it is observed that the current initialization offers no separation for the pseudo-random binary sequences (PRBS) in time. This result is based on the fact that the PRBS is a linear function of the initialization seed. Therefore, the difference between two PRBSs will depend on the difference between the initialization seeds. Once the difference between the initialization seeds depends only on the difference between the Cell Ids, then the differences PRBSs will not change over time (as a function of 
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This can be seen most clearly through an example.  Let 
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for the output of  PRBS1. According to (2) the corresponding 
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  can be obtained as 
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For the output of PRBS2, let
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, that is, the sub-frame timing and RS frequency are closed aligned with the first one. In this case, 
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The difference between the seeds,
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, depends only on the difference between Cell_IDs.
In this contribution, we suggest two ways to handle this initialization problem.
1. Reinitialize Gold sequence every frame, but not every OFDM symbol.

2. Reinitialize Gold sequence every OFDM symbol using different initialization methods.
Reinitialize Every 10ms Frame
It was suggested  in [3] to have a 10ms initialization strucutre, which is equivalent to  changing the scrambling sequence generation for downlink cell-specific reference signals such that  the cell-specific downlink reference-signal sequence 
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where 
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot, and


[image: image29.wmf])

(

4

s

DL

symb

DL

max,

RB

l

n

N

N

l

+

×

×

=

¢

.

The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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 at the start of each OFDM. 

This above proposal effectively generates achieves a 10ms-long sequence, and uses the relevant portion of the sequence at a given subframe and OFDM symbol by fast-forwarding to that particular section, where the fast-forwarding is on a per-cell, per-subframe and per-OFDM symbol basis.  One small issue with this approach is that it is not compatible with the current working assumption that all antenna ports should have the same RS sequence, for the benefit of UE implementation simplicity.    In this above initialization method, different RS sequences are used for RS 0&1 and RS 2&3 in sub-frame 1~9. In order to avoid this problem, we  can  instead use  
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in this variable fast-forward approach, which guarantees that we have the same RS sequence for all the antenna ports.
Reinitialize Every Symbol
The variable fast-forwarding approach in 2.1 is simple, but may result in additional UE complexity, since the UE will have to implement a different fast-forward value by either “fast clocking” or “masking”.  Therefore, it is also of interest to look into the alternative method of resolving the inter-cell interference randomization issue.  As shown in [2], one can also solve the initialization problem mentioned in Section 1 by modifying the initialization method at the start of each OFDM symbol. In [2], an initialization method 
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                         (3)
is proposed.  We performed some numerical study and found that the performance of this approach can be improved with the following equation:  
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where
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3 Simulation Results
In this section, we provide some of the preliminary performance evaluation measures for different OFDM symbol based initialization methods in Section 2.2.. To evaluate the worst-case performance, we assume that the two PRBSs are generated by two cells whose sub-frame timing and reference signal frequency locations are closed aligned with each other. That is, 
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 for the two initialization seeds with different cell Ids (
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Let  
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be the difference between two initialization seeds,  and our goal is to make sure this difference not only changes with CELL_ID, but also changes with 
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. 
To numerically evaluate different equations in Section 2.2, we first define the event of collision between any two cells  as the event that  at least two 
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 values are the same, for a given sliding window of L >=2 consecutive RS OFDM symbols.  The reason for this sliding window collision metric is that it is likely that the consecutive RS OFDM symbols will be soft-combined to improve the channel estimation performance.   The sliding window concept can be seen more clearly in the following figure for case of L = 3.
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Figure 1: Slide Window for L = 3
We can evaluate the performance of various initialization methods based the number of collision events (probability of collision). The parameters for the simulation are shown in Table 1.
Table 1: Simulation Parameters
	Parameters
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In the simulation cell IDs change from 0 to 500. For a fixed pair of cell IDs, the sub-frame number changes from 0 to 9, under a particular sub-frame number, the OFDM symbols number for the reference signal changes with the vector [0, 4, 7, 11]. For a fixed cell ID pair, we have 40-
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+1 different sets of vector
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. We can compute the number of collision events by observing each set. 

The collision probability of initialization seeds using (3) and (4) are compared in Table 2. 

Table 2: Collision Comparison
	
	
	Initialization Seed using (3)
	Initialization Seed using (4)

	
	Total Events
	Collision Events
	Collision Prob.
	Collision  Events
	Collision Prob.
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4 Conclusion

In this contribution, we consider two general approaches to solve the initialization problem for downlink cell-specific reference signals. We think both are good candidates for solving the inter-cell interference initialization/ randomization problem for the DL RS sequences. 
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