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1. Introduction
At RAN1#47bis, it was decided that RS sequence length is equal to the number of sub-carriers in the resource blocks, either truncation or cyclic extension of ZC sequences are used, depending on the RB allocation size. For up to 9RBs, the difference between the number of RS subcarriers and prime ZC length is just one. In this contribution, we discuss on the criteria to decide the sequence length for more than 9RBs.
2. Mapping of Zadoff-Chu sequence to reference signal block
 For reference signal of EUTRA uplink, the following Zadoff-Chu sequence [1] is used with truncation or cyclic extension. Here, L is the length of sequence.
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  The reference signal block size is multiples of 12. The length of Zadoff-Chu sequence is chosen to fit to the reference signal block size. One way is to choose the largest ZC sequence length which is shorter than the reference signal block size. This is used with cyclic extension of the fist N (= reference signal block size - L) symbols as shown in Fig.1 (a). The other is to choose the smallest ZC sequence length which is longer than the reference signal block size and truncate it as shown in Fig.1 (b).
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Fig. 1 An example of reference signal mapping
In the current working assumption, it has not been decided if the prime number ZC sequence is used for uplink reference signal generation.

To maximize the number of the usable sequences, to choose the prime number as the sequence length of Zadoff-Chu sequence is optimum. However, this restriction is too strict as it sometimes makes much difference between the reference signal block size and Zadoff-Chu sequence length when number of resource blocks which are allocated to one user becomes larger. The case when reference signal block size equals to 120 is an example. The prime factors before and next 120 are 113 and 127, respectively. In case of 113, the number of usable sequences equals to 112 and their cross-correlation is less than or equals to 
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. However, the difference between the reference signal block size and Zadoff-Chu sequence length becomes 7. In case of 127, the number of usable sequences equals to 126 and their cross-correlation is less than or equals to 
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. However, the difference between the reference signal block size and Zadoff-Chu sequence length also becomes 7.
  With increase of this difference, cross-correlation property degrades
  Therefore, better criteria to decide the length of Zadoff-Chu sequence should be further considered.
3. Criteria to decide the length of Zadoff-Chu sequence
To reduce the difference between the reference signal block size and Zadoff-Chu sequence length, we propose to consider the largest prime factor as a criteria for choosing the sequence length.
  The cross-correlation between sequence 
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As the greatest common divisor g between (k – k’) and L becomes smaller, cross-correlation property becomes better.

  Now we assume the largest prime factor of L is Li. For k and k’ less than Li, g is less than Li. It means the number of sequences of which cross-correlation is less than or equal to 
[image: image10.wmf]i

L

/

1

 increases. However, it should be noted that the number of usable sequences decreases with increase of the number of prime factors when k and k’ less than Li are considered.
Here, we consider the case when reference signal block size equals to 120. For example, 118 (=59x2) is not a prime number, but includes a large prime factor 59. In this case, k, k’ for the usable sequences becomes as equation (4).
k, k’ = {1,3,5,7,9,11,13,15,17,19,…,57,61, ... ,115,117}       (4)
As k, k’ should be relatively prime to L, the multiple of 2 or 59 are excluded and total number of usable code becomes 57. In this case, all of these sequences achieve cross-correlation which is less than or equals to 
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 as all of k, k’ are odd number and k-k’ always becomes even number. 

In this example, we can reduce the difference between the reference signal block size and ZC sequence length from 7 to 2 while it still enables to keep a large number of usable sequences with good cross-correlation property. 

With considering the above discussion, we propose the following two schemes for deciding ZC sequence for uplink reference signal generation.

    Scheme A:
Step 1: Choose ZC sequence length L with which 
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                           N: Number of subcarrier, M: natural number

Step 2: Choose ZC sequence length with largest maximum prime factor
    Scheme B:

Step 1: Choose ZC sequence length L with which 
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Step 2: Choose ZC sequence length with largest maximum prime factor for L < N and L > N, respectively

Step 3: Choose ZC sequence length with less 
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. If two sequences still exist, choose the smaller L
The example of ZC length decision with scheme A and B is shown in Table 1. Here, M is assumed to be 2. The green color parts are the decision results in [2]. The yellow color parts are RBs where the difference between the number of RS subcarriers and prime ZC length is 5 or 7. With scheme A and scheme B, the deference between the number of RC subcarriers and selected ZC length is reduced to 1 or 2.
Here, sheme A or B is adopted for all the number of RBs. Therefore, for the case when the difference between the number of RS subcarriers and prime ZC length is one, the result of selection w/ scheme A is different from that of the conventional one. However, scheme A or B can be adopted either all RB number case or only the case when the difference between the number of RS subcarriers and prime ZC length is more than one.
Table 1 ZC length versus number of RBs
(M=2)
	# of RBs
	# of subcarrier
	Prime ZC length for cyclic extension
	Prime ZC length for truncation
	ZC length w/ scheme A
	ZC length w/ scheme B

	1
	12
	11
	13
	13
	11

	2
	24
	23
	29
	23
	23

	3
	36
	31
	37
	37
	37

	4
	48
	47
	53
	47
	47

	5
	60
	59
	61
	61
	59

	6
	72
	71
	73
	73
	71

	8
	96
	89
	97
	97
	97

	9
	108
	107
	109
	109
	107

	10
	120
	113
	127
	122(=61x2) 
	118(=59x2)

	12
	144
	139
	149
	146(=73x2)
	142(=71x2) 

	15
	180
	179
	181
	181
	179

	16
	192
	191
	193
	193
	191

	18
	216
	211
	223
	218(=109x2)
	214(107x2) 

	20
	240
	239
	241
	241
	239

	24
	288
	283
	293
	287(=41x7)
	287(=41x7)

	25
	300
	293
	307
	298(=199x2)
	299(=199x2) 

	27
	324
	317
	331
	326(=163x2)
	323(=19x17) 

	30
	360
	359
	367
	359
	359

	32
	384
	383
	389
	383
	383

	36
	432
	431
	433
	433
	431

	40
	480
	479
	487
	479
	479

	45
	540
	523
	541
	541
	541

	48
	576
	571
	577
	577
	577

	50
	600
	599
	601
	601
	599 


5. Conclusion
In this contribution, we propose the criteria to decide the length of ZC sequence and showed the proposed criteria can reduce the difference between the reference signal block size and ZC sequence length while it enables to keep a large number of usable sequences with good cross-correlation property. Therefore, we propose to use either of the following schemes in deciding the length of ZC sequence for EUTRA uplink reference signal for either all RB number case or only the case when the difference between the number of RS subcarriers and prime ZC length is more than one.
Proposal

    Scheme A:
Step 1: Choose ZC sequence length L with which 
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                           N: Number of subcarrier, M: natural number

Step 2: Choose ZC sequence length with largest maximum prime factor

　　　　　　　　or

Scheme B:

Step 1: Choose ZC sequence length L with which 
[image: image16.wmf]M

L

N

£

-

|

|


Step 2: Choose ZC sequence length with largest maximum prime factor for L < N and L > N, respectively

Step 3: Choose ZC sequence length with less 
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(b) Use 13 symbols length of ZC sequence with 1 symbol truncation







(a) Use 11 symbols length of ZC sequence with 1 symbol cyclic extension
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