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1. Introduction
The LTE uplink (UL) uses different reference signals (RSs) in support of coherent demodulation (PUSCH/PUCCH) or to transmit information (PUCCH) [1]. In addition, another UL reference signal, the sounding reference signal (SRS) is defined in support of frequency dependent scheduling, link adaptation, power control and UL synchronization maintenance. These UL RSs can have different bandwidths as they can occupy different numbers of resource blocks (RB). All use constant amplitude zero autocorrelation (CAZAC) sequences which zero autocorrelation property allows multiplexing in orthogonal manner different cyclic shifts of the same “base” sequence. The cross-correlation property between base sequences can be randomized through sequence hopping and cyclic shift hopping. This contribution proposes a simple and efficient solution to assign the base sequences of all these different UL RSs.
2. Status on current agreements
The decisions taken in the previous RAN1 meetings (#49 [2], #49bis [3], #50 [4]) related to the present discussion can be summarized as follows:
· For 1 and 2 RB
· At least 30 base sequences, with the help of CG sequences
· 1 RB: one base sequence per “group”

· Multiple RBs

· Multiple base-sequences per “group”

· Can select the sequence in the group (planning) or sequence hopping (per slot/subframe) within group
· Group (semi-)statically assigned to a cell or possibility for a cell to hop (on slot/subframe basis) between groups
· Sequence and/or cyclic shift hopping for DM RS (and PUCCH ACK/NAK and CQI)

· Signalling of the Base Sequence and Hopping Pattern

· Base sequence group index indicator broadcasted

· Explicit signalling for hopping pattern FFS
· The SRS sequence index is derived from the PUCCH (base) sequence index.
· PUSCH DM RS cyclic shift hopping per slot is always enabled.
3. Reference signal sequence assignment

In this section we present a simple solution to manage and signal the base sequences and cyclic shifts to UEs in a cell for the different RSs and their different RB allocations.
3.1. RS Sequences

RS sequences are Zadoff-Chu (ZC) sequences, which have the CAZAC property. In addition, if NZC is the sequence length, the number of ZC sequences with optimal cross-correlation (
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) is maximized and equals NZC – 1 when NZC is prime. The RS sequences are mapped in frequency at the IDFT input of the SC-FDMA transmitter [1] so that their sequence lengths must be equal to the number sub-carriers allocated to the RS transmission. The sub-carriers are allocated by resource blocks (RBs) where one RB occupies 12 sub-carriers. As a result, the RS sequence lengths are integer multiple of 12, so cannot be prime. In the RAN1 #50 meeting in Athens, it was decided to use the closest prime-length ZC sequence smaller than 12n and cyclic-extend it [1]. Table 1 below gives an example of the length of various sequences (and associated ZC lengths). For small numbers (1-2) of allocated RBs, the number NZC – 1 of ZC sequences with optimal cross-correlation is small (10 for 1 RB and 24 for 2RBs). In the RAN1 #50 meeting, it was decided to extend the set of such sequences to at least 30 with computer generated sequences [4]. In the rest of this contribution, we assume 30 such sequences although the proposed assignment principle also works with any larger value.
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1 0.18 12 11 30 1 0

2 0.36 24 23 30 1 0

3 0.54 36 31 30 1 0

4 0.72 48 47 46 1 15

5 0.9 60 59 58 1 27

6 1.08 72 71 70 2 8

8 1.44 96 89 88 2 26

10 1.8 120 113 112 3 19

12 2.16 144 139 138 4 14

25 4.5 300 293 292 9 13
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Table 1: UL RS sequences lengths for various RB allocations
3.2. Sequence groups
A group of base sequences defines a number of base sequences to be used for hopping. Sequence groups are planned among cells (PUCCH RS and SRS) or among eNodeBs (PUSCH DM RS). The minimum number of available sequences with optimal cross-correlation properties results from 1-RB allocation and is 30 with the help of computer generated sequences. Given the RAN1#49 decision that a base sequence group is restricted to one base sequence per group for 1-RB allocation, it results that there are 30 base sequences groups. For the sake of simplicity, we generalize this value of 30 base sequence groups to other RB allocations. Therefore, we propose the simple following rule to identify and assign the base sequences to the base sequence groups:
For n=1-2RB allocations: there are 30 (e.g. CG) sequences available s = 0,…,29, and a base sequence group reduces to one base sequence.
For n>2 RBs allocations:

· There are (NZC – 1) length-NZC  ZC sequences available, indexed by u, where NZC is the closest prime number to 12n, smaller than 12n;
· All 30 sequence groups g have ng sequences for hopping.
· Number of base sequences per group: ng = 
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. Since 30 generally does not divide NZC – 1, there are more than ng sequences remaining in the last group. For the sake of simplicity, the remaining sequences on top of ng are left unused (last column of Table 1), and all groups should have the same number ng of base sequences.
· The sequences allocated to the sequence group g are u = ng, ng+1, ng+2, … , ng+n-1.
· Sequences u = 30n to NZC – 2 are left unused.
This implicit mapping of sequences to group sequences is simple and works fine for all RBs. Sequence hopping within a base sequence group is made possible for large RB allocations. This is consistent with the fact that these are expected to be the most interfering transmissions in an interference-limited scenario, so these are the allocations that need most inter-cell interference randomization mean.
3.3. Cyclic – Shift Hopping Patterns

Cyclic-shift assignments can be made depending on frame numbers, sub-frame numbers, cell IDs, cell-group IDs, UE IDs, and UE-specific DL communicated information. One simple example of cyclic shift assignment can be made as follows:

s = K [(10 t1 + t2 + x) mod P]

where K is the base value of the cyclic shift in the time-domain (for example, maximum delay spread). Also, P is the number of allowed cyclic shifts, for example 8. Here, t1 is the frame number, t2 is the sub-frame offset, and x can be sum of cell ID (or cell – group ID) and the UE-specific communicated information in the downlink, which is the UE-specific cyclic-shift assignment. With such allocation, UEs in the cell or cell-group are separated by cyclic shifts, where the time-reference for the value of the cyclic shift keeps getting updated and changed from one sub-frame to the next.
4. Conclusion

In this contribution, we proposed a simple and implicit mapping of base sequences to thirty base sequence groups, applicable to all RBs and UL RS types.
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