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1 Introduction
The decisions related to UL RS in the previous RAN1 meetings [1-3] can be summarized as follows: 
· 30 base sequence groups, 504 hopping patterns totally
· Computer generated sequences (CGs) [4] are adopted for 1and 2 RB; extended Zadoff-Chu  sequences (ZCs) are adopted for other allocation sizes
· Only one base sequence per group up to 5RB allocation size
· One sequence could be selected in case of base sequence group hopping, while in case of planning, 2 sequences enable sequence hopping within the sub-frame.

· Sequence hopping within group can be configured 

· Cyclic shift hopping is always enabled and slot based
However, the above statements do not involve an effective way to mitigate inter-cell interference especially in case of sequence-group planning. This document will focus on this issue and provide one feasible method to mitigate inter-cell interference. 
2 Interference Mitigation between Sequence-Groups
The used sequences per group for group planning are: 

· CG for 1RB and 2RB, with only one sequence for each allocation size;
· ZC for 3~5RB, with only one sequence for each allocation size; 
· ZC for over 5RB, with 2 sequences for each allocation size.
From these sequences, it can be seen the interference between groups is caused by the cross-correlations between ZC and ZC (ZC(ZC), between CG and CG (CG(CG), and between CG and ZC (CG(ZC). 
To mitigate inter-cell interference between sequence-groups, one should consider the above three kinds of interference. In the following sub-clause 2.1 and 2.2, different methods focusing on the different cross-correlations will be discussed:
· large cross-correlation grouping method is used to mitigate interference between ZC and ZC

· CGs are time-varying to randomize interference between CG and CG/ ZC   
2.1 Large cross-correlation grouping for ZC(ZC
As proposed in [5][6][7], to assemble the base sequences with large cross-correlation into the same group will help to avoid high inter-cell interference between groups.

The grouping rule is to select ri of ZC-Ni which gives the lowest value of
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, where r1 and N1 usually refer to the shortest ZC of one certain group, the resultant sequences table can be found in [5]. 
However, the shortest ZC length is now 31 instead of 11, in this case, 
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criterion can not always find out the largest cross-correlation sequences. To get lower cross-correlation between groups, improvement can be made over the method in [5], and the improved grouping rule is to select ri of ZC-Ni which gives the lowest value of
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, as presented in [8]. The modified method can select the exact sequences with largest cross-correlation, which is important especially for 3~5RB case which only contains one sequence per group for each allocation size.  
Figure 1 shows the effect of improved grouping method, revealed by peak cross-correlation of 3RB vs. 4RB and 5RB, where each curve covers the peak cross-correlation values of 30*29*2 sequence-pairs.  
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Figure 1 cross-correlation of 3RB vs. 4RB and 5RB between every group-pair
The pro of the improved method is the maximum peak cross-correlation between groups can be reduced from 0.58 to 0.46 for the case of desired 3RB as shown in figure 1. The con is it needs to store the value of 
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for each length of each group. But the storage can be reduced to minimum.
2.2 Time-varied CG in each group for CG(CG and CG(ZC
The above grouping rules generated from ZC definition actually, which is only valid for ZCs. As for CGs, one feasible way to mitigate interference is randomization, i.e. CGs are time varying in each group according to the slot number independently.
The reasons to make CGs vary are:

· No obvious orderliness of cross-correlation property is found, and the maximum cross-correlation is 0.79 for CGs with length of 12 (CG-12), and 0.67 for CG with length of 24 (CG-24), much larger than ZC sequences [4]. 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. In this case, the maximum cross-correlation is 0.88 for CG-12 vs. 3RB, and 0.64 for CG-24 vs. 3RB. If the CGs are time-varied, mean cross-correlation can be achieved, that is, 0.26 for CG-12 vs. 3RB and 0.18 for CG-24 vs. 3RB [4].
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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. 
Table 1 is trying to compare the cross-correlation between CG and ZC when the CGs are fixed and time-varied by a simple example. In case of fixed CGs, the #16th CG-12 and the #19th CG-24 [4] are selected to cross-correlate with #group2 [5] respectively. 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 between CG and ZCs in group2, fixed CGs and time-varied CGs cases
	peak cc between CG and ZCs 

RB allocations
	#16 of CG-12
	time-varied CG-12
	#19 of CG-24
	time-varied CG-24

	
	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


Therefore, CG sequences should not be fixed in case of group planning. One example of assignment can be: group k assigned to the cell is corresponding to a shift k on the pre-defined pattern 
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for CG with length of 12 (CG-12) and the pattern 
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for CG with length of 24 (CG-24), as illustrated below. Note the both patterns are cell-common. 

[image: image11]
The pro of this method is to get both the benefits of planning and of the mean cross-correlation. The con is in an asynchronous network, collision of same group/sequence is possible, compared with fixed CGs.

3 Issue of sequence hopping within group
Different methods applied to mitigate interference between groups are discussed in section 2, based on these methods, the additional randomization, i.e. sequence hopping within group are not necessary, the reasons are as follows. 

In case of large cross-correlation grouping, to have 2 sequences for over 5RB allocations for sequence hopping within group would:

· bring no any benefit between ZCs, due to only one ZC high correlated with another ZC,
· bring slight interference randomization between ZCs and CGs, and in this case, indeed more sequences should be provided. 
If we make CGs time-varied as stated in section 2.2, then, to have 2 sequences seems dispensable.  In this case, only 1 sequence per group for each allocation will be ok with planning.
4 Conclusion 
We propose that in group planning case: the CGs should be time-varied to randomize interference between CG and CG, and between CG and ZC. ZCs should be grouped based on large cross-correlation criterion to get low cross-correlation between groups, resulting in inter-cell interference mitigation.
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