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1. Introduction
In earlier RAN1 meetings, UL reference signal sequences used as demodulation RS and sounding RS as well as for sequence modulation on PUCCH have been extensive discussed. One of the remaining open issues related to reference signals is the base sequence selection (or grouping) to base sequence groups. 

The recent decisions [1]-[3] related to the considered issue can be summarized as:  
· Sequences: 30 computer generated sequences are used for 1 and 2 PRB, and extended Zadoff-Chu sequences for larger allocations
· Number of sequences per group: 
· One sequence per group for allocations of up to 5 RBs
· For allocations larger than 5 RBs: One sequence could be selected in case of base sequence group hopping and in case of planning  2 sequences to enable sequence hopping within the sub-frame.
· Base sequence group (semi-)statically assigned to a cell or possibility for a cell to hop (on slot / subframe basis) between groups.
From these decisions, we see that selection of two sequences per sequence group is enough for allocations larger than 5 RB. The criteria for the sequence selection / grouping can be now considered in detail after the decisions made on the previous RAN1 meetings. On this contribution, we present our preference for the sequence selection criteria.   
2. Criteria for sequence selection
It was noted in [4] that the exact definition of base sequence group is open, that is, whether there are separate groups for each sequence length or single group contains sequences of every sequence length. For notational reasons we assume that a single group contains sequences of every sequence length.  

As stated on numerous contributions, e.g. [5], [6], cross-correlation between the sequences of the same or different length is one of the key issues in the sequence selection to the base sequence groups. Another key issue is that it should be possible to assign the same base sequence group to PUSCH on neighboring cells, e.g., cells of the same eNB. Yet another aspect is that there is hardly any need to a design of particular sequence hopping patterns within base sequence group with two sequences in a group. For example, sequence hopping within the sub-frame can be obtained by using the first sequence on first slot, second sequence on the second slot. 
Based on these aspects, we see that  

· Sequences should be selected to the base sequence groups so that there are no high cross-correlations between the selected sequences of different length both within a group and between groups, to facilitate the use of the same or different group on neighboring cells.
· On the sequence selection, there is no need to consider cross-correlations between the 1st and 2nd sequence on the group when the length of both sequences is larger than 60. For allocations larger than 5 RB, sequence planning with and without sequence hopping can be done so that 1st and 2nd sequence do not occur simultaneously.
Hence, we suggest that sequences could be selected to the base sequence groups so that
· Maximum cross-correlation and mean cross-correlation are minimized between the sequence groups and between the sequences of different length within a sequence group. 

· Cross-correlations between the 1st and 2nd sequence on the group are not considered in the sequence selection when both sequence lengths are larger than 60. 

We see also that the mean and maximum cross-correlations are calculated over
· all cyclic shifts with over-sampling
· all relative frequency offsets with steps of 1 RB, that is, frequency allocations of reference signals are slide over each other as illustrated on Figure 1. 

Different numerical search algorithm can be used in the actual search for the proper sequence selection into the groups.
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Figure 1 Illustration on slide of reference signals in frequency during cross-correlation calculation
3. Conclusions
After the decisions made on some earlier RAN1 meetings, suitable criteria for base sequence selection / grouping to the base sequence groups can be now considered and agreed on. In this contribution, we presented our proposal for the selection criteria, that is, sequences are selected to the groups so that  
· Maximum cross-correlation and mean cross-correlation are minimized between the sequence groups and between the sequences of different length within a sequence group. 
· Cross-correlations between the 1st and 2nd sequence on the group are not considered in the sequence selection when both sequence lengths are larger than 60.
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