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1 Introduction
In RAN1#51bis meeting, the pattern designed for hopping and planning of sequence groups for UL RS has been agreed [1]. Still, the interference suffered by CGs (Computer generated sequences) is severe when sequence group hopping is disabled. In this document, we propose to specify hopping for CGs in case of group planning. 

The reasons to make CGs hopping are summarized as following; more details can be found in [2].
· To randomize interference between CG and CG. The maximum cross-correlation is 0.79 for CGs with length of 12, and 0.67 for CG with length of 24, much larger than ZC sequences [3]. To make CGs vary can randomize interference between CG and CG. 
· If the CGs are fixed, no any mean cross-correlation between CG and ZC can be obtained due to only one ZC for 3~5RB allocations. 
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If the CGs are fixed, it is hardly helpful to randomize interference between CG and ZC, even 2 ZCs per group for each allocation size over 5RB. 

The results presented in Appendix indicate that 2 ZCs per group for each allocation size does not provide any randomization of peak cross-correlation compared to the 1 ZC case. But in case of hopped CGs, the peak cross-correlation is lower obviously.
Therefore, additional randomization to mitigate interference for CGs is necessary. 
2 Proposal 
We propose that CG sequences hopping should be always enabled both in the case of group planning and group hopping, where the group hopping pattern can be reused.  

Such as the following descriptions is proposed to be defined in TS36.211 of section 5.5.1.3 according to R1-081161 for CR to 36.211v810.
……………………………………………………………………………………………………………….
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[image: image18.wmf] for base sequence of length over 2RB in slot 
[image: image2.wmf]s

n

 is defined by a group hopping pattern 
[image: image3.wmf]ZC

ghs

()

fn

 and a sequence-shift pattern 
[image: image4.wmf])

(

s

ss

n

f

 according to


[image: image5.wmf](

)

ZCZC

ghssss

()()mod30

ufnfn

=+


The sequence-group number 
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 for base sequence of length 1~2RB in slot 
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 is defined by a group hopping pattern 
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 and a sequence-shift pattern 
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There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be enabled or disabled by RRC. PUCCH and PUSCH have the same hopping pattern but may have different sequence-shift patterns.
The group-hopping pattern 
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 are the same for PUSCH and PUCCH and given by
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where the pseudo-random sequence 
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 is defined by section 7.2. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame.
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Appendix

We give an example to compare the cross-correlation between CG and ZC when the CGs are fixed and time-varied in this section. 
The peak cross-correlation is searched between each sequence-pair. In case of fixed CGs, the #16th CG-12 and the #19th CG-24 [3] are selected to cross-correlate with the ZC of #group2 [4] respectively. The multiple peak cross-correlation values are averaged for the cases of two ZCs and time-varied CG-12 in Table 1. 
It shows 2 ZCs per group for each allocation size does not provide any randomization of peak cross-correlation compared to the 1 ZC case. But in case of time-varied CGs, the peak cross-correlation values can be randomized. 
Table 1 Peak cross-correlation of CG vs. ZCs in #group2
	peak cc between CG and ZCs 

RB allocations
	#16 of CG-12
	CG-12 hopping
	#19 of CG-24
	CG-24 

hopping

	
	one ZC 
	two ZCs
	
	one ZC 
	two ZCs
	

	6RB
	0.86
	0.81
	0.59
	0.42
	0.46
	0.44

	8RB
	0.85
	0.80
	0.59
	0.50
	0.50
	0.44

	9RB
	0.84
	0.80
	0.60
	0.54
	0.52
	0.45

	10RB
	0.82
	0.84
	0.60
	0.53
	0.48
	0.44

	12RB
	0.84
	0.81
	0.60
	0.55
	0.51
	0.45

	15RB
	0.85
	0.83
	0.59
	0.51
	0.52
	0.45

	16RB
	0.83
	0.84
	0.60
	0.55
	0.51
	0.44

	18RB
	0.85
	0.83
	0.59
	0.53
	0.53
	0.45

	20RB
	0.83
	0.84
	0.60
	0.55
	0.53
	0.44

	24RB
	0.83
	0.84
	0.60
	0.55
	0.53
	0.44

	25RB
	0.84
	0.83
	0.60
	0.55
	0.54
	0.45










































































































































































� EMBED Equation.3  ���
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