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1 Introduction
According to RAN1 #49 meeting in Kobe [1], the UL RS sequences shall be grouped with one base sequence per “group” for one RB case, and multiple base-sequences per “group” for multiple RBs case, while the concrete criterion of sequence grouping has not been decided now. This document will give our views on the rule of grouping. 
2 Sequence grouping
2.1 Principle
The current working assumptions are one base sequence per “group” for one RB case, and multiple base-sequences per “group” for multiple RBs case, but how to group these sequences is still an open issue. As introduced in [2] [3] , our view is that the base sequences with high cross-correlation shall be grouped into the same group, in order to avoid high cross-correlation or high intercell interference when the two cells /eNBs  use different sequence groups.
ZC sequence ZC (N, r) can be generated by:
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where r is the sequence index,  N is the sequence length, q is an integer 
We can collect the sequences which give small value of
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 into the same group to achieve low cross-correlation between two groups. It has been shown in [2] that the two sequences ZC (
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) between two groups are low cross-correlated.
2.2 Scheme of grouping 
Given the discussion above, the proposed scheme of grouping goes as follows: 
1. Choose 
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 as the systemic reference length; and the ZC(
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2. For another length 
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 to be in the group k;
3. The value u, v shall be
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 , or other values inside the bound of
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. The actual values can be different for different lengths or groups. For example, u, v can be symmetrical according to the group number, i.e.
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, and so on.
One example of the resultant sequence groups is listed in the following section. 
2.3 Example and simulation results 
We consider all the available RB sizes in 5MHz bandwidth [4], and in the table 1 give the resultant groups according to the scheme introduced in section 2.1. In this example, we take 13 as the systemic reference length, which will result in 12 groups. And preferably, we recommend to use the values of u, v in the Table A-1 of the appendix, which can achieve low cross-correlation between any two groups and each group containing most base sequences. 

The number in the grid denotes the index r2 of sequence, such symbols “3~6” indicates 4 sequences whose indices are 3,4,5,6.
Table 1 Sequence groups in 5MHz bandwidth of proposed scheme
	Seq

group
	1RB
	2RBs
	3RBs
	4RBs
	5RBs
	6RBs
	8RBs
	9RBs
	10RBs
	12RBs
	15RBs
	16RBs
	18RBs
	20RBs
	24RBs
	25RBs

	
	13
	23
	37
	47
	59
	71
	97
	107
	113
	139
	179
	191
	211
	239
	283
	293

	1
	1
	1,2
	2~4
	2~5
	3~6
	3~7
	4~10
	5~11
	5~12
	6~15
	7~19
	8~20
	9~22
	10~25
	11~30
	12~31

	2
	2
	3,4
	5~7
	6~9
	8~11
	9~13
	12~18
	14~20
	14~21
	17~26
	22~34
	24~36
	26~40
	30~45
	35~54
	36~56

	3
	3
	5,6
	8,9
	10~12
	12~15
	15~19
	20~26
	22~28
	23~30
	29~37
	37~48
	39~51
	43~56
	49~64
	58~76
	60~78

	4
	4
	7
	11,12
	14,15
	17~19
	21~23
	28~31
	31~34
	32~36
	40~45
	51~58
	54~62
	60~68
	68~77
	80~92
	83~95

	5
	5
	8,9
	13~15
	17~19
	21~24
	25~29
	34~40
	38~44
	40~46
	49~57
	62~73
	67~78
	74~87
	83~98
	98~116
	102~121

	6
	6
	10,11
	16~18
	20~23
	25~29
	31~35
	42~48
	46~53
	48~56
	59~69
	76~89
	81~95
	90~105
	102~119
	120~141
	124~146

	7
	7
	12,13
	19~21
	24~27
	30~34
	36~40
	49~55
	54~61
	57~65
	70~80
	90~103
	96~110
	106~121
	120~137
	142~163
	147~169

	8
	8
	14,15
	22~24
	28~30
	35~38
	42~46
	57~63
	63~69
	67~73
	82~90
	106~117
	113~124
	124~137
	141~156
	167~185
	172~191

	9
	9
	16
	25,26
	32,33
	40~42
	48~50
	66~69
	73~76
	77~81
	94~99
	121~128
	129~137
	143~151
	162~171
	191~203
	198~210

	10
	10
	17,18
	28,29
	35~37
	44~47
	52~56
	71~77
	79~85
	83~90
	102~110
	131~142
	140~152
	155~168
	175~190
	207~225
	215~233

	11
	11
	19,20
	30~32
	38~41
	48~51
	58~62
	79~85
	87~93
	92~99
	113~122
	145~157
	155~167
	171~185
	194~209
	229~248
	237~257

	12
	12
	21,22
	33~35
	42~45
	53~56
	64~68
	87~93
	96~102
	101~108
	124~133
	160~172
	171~183
	189-202
	214~229
	253~272
	262~281


To illustrate the property of cross-correlation between two groups generated by the proposed grouping scheme, we calculate the peak cross-correlation values of two different lengths base sequences from different groups. The influences of truncation and extension are ignored in the calculation due to little impacts on cross-correlation property. The desired sequence lengths are 13 and 23 respectively.
The peak cross-correlations of two groups are in Figure 1: ZC (13, 1) in group 1 vs. ZC(23, 3), ZC (23,4), …, ZC(293,56) of group 2, and vs. ZC(23, 5), ZC (23,6), …, ZC(293,78) of group 3, and so on.

The peak cross-correlations of two groups are in Figure 2: ZC (23, 1) in group 1 vs. ZC(37, 5), ZC (37,6), …, ZC(293,56) of group 2, and vs. ZC(37, 8), ZC (37, 9), …, ZC(293,78) of group 3, and so on. There are totally 11 curves in each figure.
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	Figure 1 cross-correlation between group 1 and each other group for the proposed grouping scheme, desired sequence length=13
	Figure 2 cross-correlation between group 1 and each other group for the proposed grouping scheme, desired sequence length=23


It’s easy to see, the distributions of peak cross-correlation between group 1 and other groups with proposed grouping scheme are different, which may indicates group hopping maybe necessary to further average interference, especially for the shorter sequence. But above all, we can see from the Figure 1: there are 7 groups have the largest peak cross-correlations less than 0.6; and 10 groups are less than 0.7, only one group shows worse property, but it is still less than 0.75.  And in the Figure 2, all curves are more concentrative and the largest peak cross-correlation is also less than 0.75.
As comparison, we also evaluate a simple grouping scheme which does not care about the cross-correlation property [5]. For example, the sequences of each length are allocated to the each group orderly according to the sequence index, called evenly allocating sequence grouping scheme in this document. The generated groups are shown in the Table 2. 

Table 2 Sequence groups in 5MHz bandwidth of an example scheme
	Seq 

Group 
	1 RB
	2 RBs
	3 RBs
	……

	
	13
	23
	37
	……

	1
	1
	1,13
	1,13,25
	……

	2
	2
	2,14
	2,14,26
	……

	3
	3
	3,15
	3,15,27
	……

	4
	4
	4,16
	4,16,28
	……

	5
	5
	5,17
	5,17,29
	……

	6
	6
	6,18
	6,18,30
	……

	7
	7
	7,19
	7,19,31
	……

	8
	8
	8,20
	8,20,32
	……

	9
	9
	9,21
	9,21,33
	……

	10
	10
	10,22
	10,22,34
	……

	11
	11
	11
	11,23,35
	……

	12
	12
	12
	12,24,36
	……
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	Figure 3 cross-correlation between group 1 and each other group for the contrasted grouping scheme, desired sequence length=13
	Figure 4 cross-correlation between group 1 and each other group for the contrasted grouping scheme, desired sequence length=23


From these two figures, the distributions of peak cross-correlation between group 1 and other groups with the contrasted evenly allocating sequence grouping scheme are similar, each has the largest peak cross-correlation approximate 1, which will result in severe interference.  Obviously, if we take the proposed grouping scheme above, some benefits shall be obtained when the groups are assigned statically. In fact, the effect of sequence hopping within group is also taken into account in the above CDF figures, according to the statistical method. So it can be concluded that even sequence hopping is applied, the proposed grouping scheme can bring more benefits than the contrasted one, especially for smaller RB sizes allocation. 
The property of cross-correlation between two sequences will certainly impact on the BLER performance.  In [6] [7], the BLER performance of 1 RB RS interfered by 3 RBs RS was studied, the results showed different degradations occurred due to different cross-correlation. The BLER of 2 RBs RS is also studied in this document.
In the following simulation, we first calculate the peak cross-correlation value between two sequences with different length from two groups, and then let the peak interference occurs within the channel estimation window by adjusting the sequence’s shift, which is achieved by changing the value of the parameter q during ZC sequences generation, and mapping ZC sequence over the sub-carriers directly without DFT. This is the worst case between two sequences which will have great impacts on BLER performance. 
The evaluated sequence-pairs are list in the Table 3, and the other simulation assumptions in the Table 4. 
Table 3 Sequences pairs used in simulation
	Sequence pair
	Peak cross-correlation

value ( normalized )

	RB size
	(r1, r2)
	(q1, q2)
	

	(1 RB, 3 RB)
	(1,3)
	(0,12)
	0.99

	
	(1,21)
	(10,16)
	0.70

	
	(1,2)
	(3,7)
	0.65

	
	(1,22)
	(3,25)
	0.61

	
	(1,35)
	(0,12)
	0.50

	
	(1,23)
	(8,2)
	0.4

	(2 RB, 3 RB)
	(2,3)
	(7,33)
	0.76

	
	(4,31)
	(15,21)
	0.59

	
	(2,31)
	(16,20)
	0.54

	
	(2,22)
	(16,27)
	0.47

	
	(2,7)
	(7,34)
	0.4

	
	(2,15)
	(10,27)
	0.3


Table 4 Simulation settings
	Parameter
	Setting

	Bandwidth
	5 MHz (2.0GHz)

	FFT & IFFT size
	512

	Channel model
	6-ray TU, 30kmh,

	Modulation
	QPSK

	Coding
	1/2, 1/3

	RS generation method
	Truncation & cyclic extension

	Length of ZC sequences
	13,23,37

	Desired RS
	1 RB (12 sub-carriers)
2 RBs (24 sub-carriers)

	Interfered RS
	3 RBs (36 sub-carriers)

	Antenna configuration
	1 Tx, 2 Rx

	S/I
	0 dB ( on each sub-carrier)

	Channel estimation
	DFT-based interpolation


The simulation results when coderate=1/2 are:
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	Figure 5 1 RB RS interfered by 3 RBs RS, QPSK, 1/2
	Figure 6 2 RB RS interfered by 3 RBs RS, QPSK, 1/2


And the simulation results when coderate=1/3 are:
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	Figure 7 1 RB RS interfered by 3 RBs RS, QPSK, 1/3
	Figure 8 2 RBs RS interfered by 3 RBs RS, QPSK, 1/3


From the results, in case of 2RBs RS desired, the peak cross-correlation between two sequences is 0.76, much smaller than the 1 RB case. However, the performance of 2RB case is worse than 1RB case, even when the peak cross-correlation is only 0.4. 
Moreover, we can see the performance degradations are not directly proportional to the cross-correlation. For example, from the Figure 5, the performance of cc=0.65 is worse than the performance of cc=0.7. This is because the total interference power in the channel estimation window is not necessarily proportional to the peak cross-correlation. Such example can be seen in Figure 6, the curve of cc=0.3 and the curve of cc=0.4. This effect also indicates that different sequences impact BLER differently, so it seems to conclude that sequence hopping based on grouping maybe necessary to average the interference further.
The above results show the worst cases when the two RSs interfered, i.e. the two sequence interfere with each other always in the channel estimation window. It can be seen that in some cases, e.g. in Figure 6, the performance is unacceptable. Therefore, shift hopping is necessary to avoid the worst case occurrence based on the proposed grouping scheme.
3 Conclusion 
In this paper, the concrete method of grouping is introduced which maintain low cross-correlation between any two groups. Some cross-correlation comparisons are presented, which shows the proposed grouping scheme in section 2.1 has significant benefits when the group are assigned semi-statically. Furthermore, the simulation results show that, to avoid the worst case, shift hopping is necessary.  
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Appendix
Table A-1 the values of u, v for different groups and different sequence lengths
	   seq length
group
	13
	23
	37
	47 and others

	1
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0318
	u=-0.0385

v=0.0318

	2
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0322

v=0.0385

	3
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0351

v=0.0385
	u=-0.0281

v=0.0385

	4
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0251

v=0.0184
	u=-0.0251

v=0.0184

	5
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0284
	u=-0.0385

v=0.0284

	6
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385

	7
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385

	8
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0284

v=0.0385
	u=-0.0284

v=0.0385

	9
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0184

v=0.0251
	u=-0.0184

v=0.0251

	10
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0351
	u=-0.0385

v=0.0281

	11
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0322

	12
	u=-0.0385

v=0.0385
	u=-0.0385

v=0.0385
	u=-0.0318

v=0.0385
	u=-0.0318

v=0.0385
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