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1 Introduction

So far, we discuss the necessity of base sequence group hopping to realize low cross correlation between neighbouring cells. This contribution focuses on the point.
Furthermore, in order to randomize cross correlation, the following things about RS sequence and cyclic shift hopping were agreed in Orlando meeting.
· For the PUSCH, the sequence and possible cyclic shift hopping period should be per slot (DM RS)
· For the PUCCH, the cyclic shift hopping period should be per symbol (DM RS, ACK/NAK, CQI) 
This contribution discusses the signaling of each hopping pattern.

2 PUCCH (DM RS, ACK/NACK, CQI)
Two methods to realize low cross correlation are proposed. One method is base sequence (group) planning, and the other method is base sequence (group) hopping. The pros and cons of planning and hopping are following, respectively. 
· Base sequence (group) planning [No base sequence (group) hopping]
Pros

· As PUCCH will use 1RB of the same position for all cells with the same system BW, cross correlation between the different ZC sequences with the same length is low. Hence, low cross correlation is always realized if base sequence (group) planning is applied.
Cons
· If the number of base sequence (group) is small, we have high complexity for base sequence (group) planning.
· Base sequence (group) hopping

Pros

· The complexity for base sequence (group) hopping is lower than that of base sequence (group) planning.
Cons

· The collision of base sequence (group) may occur. In this case, the performance degrades significantly.
]
High reliability is required and HARQ is not applied for PUCCH. Hence, we consider that base sequence (group) planning should be supported. In this case, computer generated CAZAC sequences [1, 2] for 1-2 RBs are needed to reduce the complexity for base sequence (group) planning. We are not strongly against that base sequence (group) hopping is also supported for PUCCH. However, additional signaling is one concern. Therefore, base sequence (group) planning only is current preference unless additional signaling to support base sequence (group) hopping is negligible or effect of base sequence (group) hopping is obvious.
In PUCCH, it was agreed that cyclic shift hopping is supported to randomize cross correlation. We prefer explicit signaling to implicit one, as explicit signaling provides more flexible deployment. In order to reduce signaling overhead, the indicator of predetermined hopping pattern should be signaled instead of dynamic signaling of hopping pattern. The number of predetermined hopping pattern should be decided with taking into account trade-off between signaling overhead and effect of randomization. The indicator of hopping pattern should be broadcasted via D-BCH.
3 PUSCH DM RS
It was agreed that base sequence group is assigned for PUSCH DM RS. Similar to PUCCH, base sequence group planning and hopping are proposed as the method to realize low cross correlation. The pros and cons of planning and hopping are following.
· Base sequence group planning (No base sequence group hopping)
Pros

· Low cross correlation is realized if the base sequences are grouped with taking into account cross correlation between the sequences with different length.

Cons

· It is complex to consider that the combinations of sequences with different length as well as the combinations how sequences with different length can partially overlap.
· It is difficult that cross correlation for all combination of sequences with different length always becomes low.
· Base sequence group hopping

Pros

· The complexity of base sequence group hopping is lower than that of base sequence group planning.

· The effect of randomizing cross correlation is high.
Cons

· When the same base sequence group is utilized in the neighboring cells, large cross correlation may be occurred for 1-2 RBs, especially.
As a grouping method, it was proposed that the sequences which have large cross correlation are grouped to avoid large cross correlation between ZC sequences with different length in different RS groups [3-5]. However, it is not sure that low cross correlation can be realized by base sequence group planning in all situations even if the grouping method is applied.
Hence, we consider that base sequence group hopping should be supported. Fortunately, there are the following features of PUSCH DM RS unlike PUCCH.
· Base sequences do not necessarily collide even if the base sequence groups collide. This is because sequence hopping can be applied except the minimum sequence length and the position and length of sequence can be different among cells. 
· HARQ is applied for PUSCH.

If low cross correlation can be realized by base sequence group planning in all situations, planning should be applied for PUSCH DM RS. In this case, additional complexity for planning is not required as planning is applied for PUCCH anyway.

We prefer explicit signaling for the base sequence group hopping pattern because explicit signaling provides more flexible deployment. In order to reduce signaling overhead, the indicator of predetermined hopping pattern should be signaled instead of dynamic signaling of hopping pattern. Indicator for no hopping should be also included to support base sequence group planning. The indicator of hopping pattern should be broadcasted via D-BCH.

In PUSCH DM RS, the indicators of predetermined hopping patterns for base sequence and cyclic shift hopping are also broadcasted. The signaling overhead can be reduced by using one-to-one relation of base sequence and cyclic shift hopping pattern and/or reusing cyclic shift hopping pattern for PUCCH. 
4 Conclusions
This material clarifies our view on the necessity of base sequence group hopping.
· PUCCH

· Base sequence (group) planning should be supported.

· The indicator of predetermined hopping pattern for cyclic shift hopping should be broadcasted explicitly.

· PUSCH DM RS
· Base sequence group hopping should be supported.
· The indicator of predetermined group hopping pattern for base sequence group hopping should be broadcasted explicitly.
· The indicators of predetermined hopping patterns for base sequence and cyclic shift hopping should be signaled explicitly.
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