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1. Introduction

In [1], the cell-specific 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 sequence 
[image: image5.wmf])

(

n

c

 is defined as


[image: image6.wmf](

)

(

)

(

)

2

mod

)

(

)

1

(

)

2

(

)

3

(

)

31

(

2

mod

)

(

)

3

(

)

31

(

2

mod

)

(

)

(

)

(

2

2

2

2

2

1

1

1

2

1

n

x

n

x

n

x

n

x

n

x

n

x

n

x

n

x

N

n

x

N

n

x

n

c

C

C

+

+

+

+

+

+

=

+

+

+

=

+

+

+

+

=


where 
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 (MSB), and 
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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. 

Issues were identified with this sequence structure with regard to channel estimation and RSRP estimation [6]. In interference-limited channels when the interfering cell specific reference symbol (CRS) RE’s overlap with the desired cell, significant degradation in performance can be seen (channel estimate degradation leading to throughput reduction, RSRP measurement bias, etc.). Several modifications have been suggested focused on modifications to the CRS sequence initialization. In this contribution, an alternative approach to CRS sequence initialization is proposed which seems have some performance benefits over proposals discussed to date.
2. Discussion
In [7], we had proposed an initialization of order-31 for the second m-sequence as
Alternative 0:        
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where 
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 is the physical layer cell identity (or 
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) and 
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 is the index of the CRS-bearing OFDM symbol in a frame defined as follows:

1. 
[image: image16.wmf]4

LSl

=+

 for antenna port #0 and port #1. Here, 
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 is the subframe number (
[image: image18.wmf]0,1,,9

S

=

K

) and 
[image: image19.wmf]0,1,2,3

l

=

 is the symbol index of CRS-bearing OFDM symbols within a subframe. For both normal and extended CP, there are 40 symbols containing RS for transmit antenna ports #0 and #1 in a radio frame as there are 4 CRS-bearing OFDM symbols per subframe. Therefore, 
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 takes the values 
[image: image21.wmf]0,1,2,,39

L

=

K

 for the 40 RS OFDM symbols in a radio frame.

2. 
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 for antenna port #2 and port #3. Here, S is the subframe number (
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. For antenna ports #2 and #3, there are two RS OFDM symbols per subframe (or one RS OFDM symbol per slot), and therefore the range that 
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 can take is 
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. In other words, only even numbers from the set of indices used for antenna ports #0 and #1 above is retained for antenna ports #2 and #3. This means that we have 20 indices corresponding to 20 OFDM symbols containing RS in a frame transmitted from antenna ports #2 and #3. 
Note that the above definition of 
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 maintains the current working assumption that all antenna ports transmit from a common set of RS sequences (so that a simpler UE implementation is enabled).
We further note that for antenna port #2 and port #3, 
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 can also be defined as 
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 such that RS sequences are identical only between antenna ports #2 and #3. Then, the range that 
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 can take is 
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The initialization sequence in (1) above occupies 30 bits, and a concern was raised that this would leave just one bit for the purpose of signaling characteristics related to the transmitted frame structure, and in particular the CP length type used. But, for Release 8 UEs to be able to use CRS for demodulation, the definition of initialization as a function of cell identity, subframe number, symbol number and CP length flag intended for Release 8 would need to be maintained in future releases from a backwards compatibility point of view. In future releases, if spare bits were to be used for indicating any other information not listed earlier, then Release 8 mobiles would not be capable of interpreting this modified RS structure. For UEs beyond Release 8 (eg. LTE-A), the RS sequences could be used to indicate more information than that listed earlier, but, since these sequences can only interpreted by such mobiles and not Release 8 mobiles, the RS sequences for such mobiles can be designed differently than that in Release 8. Therefore, we do not see a strong case for the utility of spare bits beyond the bit necessary for indicating the CP length type. We note that the one unused bit in Alternative 0 can be used for indicating the CP length type if it were to be deemed essential.
However, we can modify our initial proposal in (1) in a straightforward manner to reduce the number of bits occupied by the initialization sequence. In this contribution, we propose two such alternatives with collision properties comparable to the proposal above in (1). They are listed below.
Alternative 1:

The initialization sequence is defined as
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Alternative 2:

The initialization sequence is defined as
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CP Length Indicator
The initialization sequence can also be made a function of the CP length (normal or extended) to aid in the UE’s determination of CP length.  One method that applies to all three alternatives is to use the sequences as defined above for normal CP and shift the entire sequence one bit to the left for extended CP and add “1”.  In this case the new initialization sequence is 
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where P is “0” for normal CP and P is “1” for extended CP 
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The advantage of this method of making the initialization sequence CP dependent is that, over a sliding window of length 4 RS-bearing OFDM symbols, no two sequences have the same bit-wise XOR between their corresponding initializations when I/I, I/Q and Q/I pairs are considered for the two CP hypothesis. This means that initialization offers a time-varying component as a function of CP length type.
Number of Occupied Initialization Bits
The number of bits occupied by the alternatives are shown in Table 1.  The initialization sequence in alternative 1 occupies 22 bits and that in alternative 2 occupies 25 bits. This would leave spare bits -- 9 bits and 6 bits for alternative 1 and alternative 2 respectively -- for indicating other parameters related to the transmitted frame structure (eg. CP length type, etc.).  
Table 1

	Initialization Seed using [5]
	Initialization Seed using [8]
	Initialization Seed for alternative 0
	Initialization Seed for alternative 1
	Initialization Seed for alternative 2

	30
	27
	30
	22
	25


I-Q Problem

 Consider initializations using alternative 1 corresponding to two cell identities 
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 is a bit-shifted version of that for 
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This equation will hold for at the most one valid value of 
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 for distinct 
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Similarly, for alternative 0 and alternative 2, for two distinct cell identities, one initialization is a bit-shifted version of the other for at the most one valid value of 
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. 

This implies that the I-sequence of the RS sequence from one cell does not match with the Q-sequence of the RS sequence from another over an entire frame in a synchronous deployment – there can be a match for at most one RS-bearing OFDM symbol in a radio frame. 
Asynchronous Network Problem

Another issue that was raised in RAN1 was concerning asynchronous networks. For the special case, when two cells are symbol synchronous, but asynchronous otherwise (i.e., the subframe boundaries are not aligned), depending on the initialization chosen, one could end up with a scenario where the sequences would be identical for two cells for RS-bearing OFDM symbols in a radio frame. For two distinct cell identities 
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 , suppose that RS-bearing OFDM symbol 
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 from the first cell overlaps in timing with RS-bearing OFDM symbol 
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 from the second cell. For a fixed 
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, we can have at the most one valid value of 
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 for which the initialization sequences are identical for the two cells for all of the alternatives listed above.
Collision of initialization sequence

Consider two synchronous interfering cells (with CRS RE overlap) such that their physical cell identities are 
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 and 
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. In [5], a collision event was defined as an occurrence that the bit-wise XOR of CRS sequence initializations used in the two cells are equal for any two RS-bearing OFDM symbols within a sliding window of 
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 consecutive RS-bearing OFDM symbols. This metric was used to claim that the proposal in [5] is better than that in [2] and [3]. 

The same metric has been used for evaluating the alternatives in this contribution. From simulations we find the following for our proposal:
· there are no collisions for a sliding window of length 
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, i.e., collision probability for a sliding window of two consecutive symbols is zero for all three alternatives above.

· there are fewer collisions (by at least one order of magnitude) for a sliding window of length 
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 than that reported for the proposal in [5] for alternative 0 and alternative 1. For alternative 2, there are many more collisions than that for either alternative 0 or alternative 1, but is comparable in order of magnitude to the proposal in [5].
The results are summarized in the following table.

Table 2: Collision Comparison
	
	
	Initialization Seed using [5]
	Initialization Seed for alternative 0
	Initialization Seed for alternative 1
	Initialization Seed for alternative 2

	
	Total Events
	Collision  Events
	Collision Prob.
	Collision  Events
	Collision Prob.
	Collision  Events
	Collision Prob.
	Collision  Events
	Collision Prob.
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	Initialization Seed using [8]

	Collision  Events
	Collision Prob.

	8460
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Therefore, with the number of collisions as a metric for comparison, our proposal in alternative 0 and alternative 1 perform better than that in [2], [3], [5] and [8].

3. Conclusion

A problem with regard to the DL RS initialization as currently defined in [1] was pointed out on RAN1 reflector and in RAN4 [6]. Several modifications have been proposed on RAN1 reflector so far in order to fix this issue. In this contribution, we propose three alternative initialization formulas (one of which was presented earlier in [7]). We present a method for making a the initialization a function of CP length type. From a backwards compatibility point of the view, the fact the Release 8 UEs cannot interpret or make use of RS sequences with indicators that are not in the initialization sequence design for Release 8 UEs, there is no strong case for the utility of spare bits in the initialization sequences for future use beyond possibly the bit required for signaling CP length type. In terms of the collision metric, alternative 0 has the best performance relative to other proposals. We recommend using alternative 0 for initialization of DL cell-specific reference signal based on these considerations.
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