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1. Discussion

1.1. Group hopping for PUSCH

It has been agreed that group hopping should be supported for the LTE uplink reference signals, as a complement to a fixed assignment of a base-sequence group to a cell. Group hopping implies that the cell “hops” between the 30 different base-sequence groups available according to a hopping pattern given by a hopping-pattern index. The hopping should be on a slot basis.
1.1.1 Number of hopping patterns

It is proposed that the number of defined hopping patterns equals the number of physical-layer cell IDs, i.e. 510 hopping sequences are defined [504 if the proposal in [1] is adopted]. 

1.1.2 Hopping-pattern period

It is proposed that the hopping period corresponds to one frame, implying the need for hopping sequences of length 20 (one reference-signal per slot). 

1.1.3 Hopping-pattern generation

One possibility for the generation of the group-hopping patterns is to reuse the approach that was proposed in [2] for the frequency hopping of downlink reference signals. Hopping pattern n (n = 0, …, 509 [503]) could then e.g. be based on the sequence sn(k) = β0 + 3k + β2(32k   mod Q ,where Q = 31,  β2 = ( n/Q ( and β0 = n - β2 ( Q ( i.e. the remainder when dividing the index n with Q).

The above expression provides sequences of length 30 with elements 0, …, 30. In order to provide suitable group-hopping patterns (length 20 with elements 0, …, 29), these sequences can be truncated to length 20 and the elements being calculated modulo 30. The “hit” distribution of these potential hopping sequences is illustrated in Figure 1. As can be seen, the probability for more than two hits is still very low and the probability for more than three hits is essentially zero.
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Figure 1 Relative occurrence of the number of “hits” between any pair of different sequences with an arbitrary time shift.
1.2. Group hopping for PUCCH and sounding RS

If group hopping is supported for PUSCH, group hopping should also be supported for PUCCH RS and sounding RS. In general, the base-sequence group used for sounding RS and PUCCH RS can be the same within a cell (this is in line with the agreement that “the SRS sequence index is derived from the PUCCH (base) sequence index”, see report RAN1 #50). However, the base-sequence group used for sounding RS and PUCCH RS should be independent of the base-sequence group used for PUSCH in order to allow for neighbor cells to use the same PUSCH base sequence with different cyclic shifts (something which is not possible for PUCCH RS). Thus it is proposed that the hopping for PUCCH/sounding RS should be based on the same basic principles as for PUSCH RS, see Section ‎1.1. However, the hopping-pattern index used for PUCCH/sounding RS should be independent of the hopping-pattern index used for PUSCH RS.
2. Proposal

The following is proposed regarding base-sequence-group hopping

· Hopping on slot basis

· 510 [504] group-hopping patterns are defined

· The period of the group-hopping patterns equals one frame

· Hopping patterns according to the approach outlined in Section ‎1.1.3
· Hopping pattern index is assigned independently for PUSCH RS and PUCCH/sounding RS
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