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1. Introduction

It RAN1 #47bis, significant steps were taken towards a complete specification of the LTE uplink reference-signal structure. 

It was agreed to use of long block #3 of each slot for uplink reference signals for channel estimation for coherent demodulation
.

It was also agreed that two methods should be available as means to generate uplink reference signals of the desired length NRS (NRS equal to the number of assigned “subcarriers”):

· Method 1 (truncation): 

Truncation of length NZC Zadoff-Chu sequence, where NZC is the smallest prime number larger than NRS 

· Method 2 (cyclic extension): 

Cyclic extension of length NZC Zadoff-Chu sequence, where NZC is the largest prime number smaller than NRS 

Both these methods will provide a set of NZC -1 uplink-reference-signal base sequences of length NRS, where NZC depends on NRS. 

In order to generate multiple orthogonal uplink reference signals from a given base sequence, different methods can be used:

· Method 1 (“shifting”): 
Different shifts are applied to a base sequence

· Method 2 (“orthogonal cover”):
An orthogonal “cover” (in practice [+ +] or [+ (]) are applied to the two reference-signal blocks of a subframe. For this method to work properly, the channel should be decently correlated between the two reference-signal blocks of a subframe.

It is proposed that both these methods are supported as means to create orthogonal uplink reference signals.

Furthermore, in order to randomize the interference between two uplink transmissions in neighbor cells using different base sequences, the following approaches can be used:

· Method 1: (“base-sequence hopping”)
Pseudo-randomly, and on a slot basis, a UE uses different base sequences for the uplink reference signals. In case of two UEs that rely on the use of different base sequences for controlled reference-signal correlation, typically UEs in cells corresponding to neighbor NodeBs, coordinated hopping is required. 

· Method 2 (“shift hopping”)   
Pseudo randomly, and on a slot basis, a UE uses different shifts of the same base sequence. In case of two UEs that rely on the use of different shifts of the same base sequence for mutual reference-signal orthogonality, typically UEs in the same cell or in cells corresponding to the same NodeB, coordinated hopping is required.

· Method 3 (“cover hopping”) : 
Pseudo-randomly and on a sub-frame basis, a UE uses the [+ +] and [+ (] covers. In case of two UEs that rely on the use of different covers for mutual reference-signal orthogonality, typically UEs in the same cell or in cells corresponding to the same NodeB, coordinated hopping is required.
The coordination required for shift and cover hopping is straightforward. Thus, assuming that both the shifting (already agreed) and the orthogonal covering is to be supported, both shift hopping and cover hopping is proposed to be supported. Base sequence hopping is not as clear as there is the issue of coordination between UEs in different NodeB. 

Shift and cover hopping should not require any additional signaling compared to would anyway be needed to configure the shift and the orthogonal cover for each UE, i.e. a shift index Ishift (0, …, Nshift,, where Nshift is the number of available shifts) and a cover index Icover (0, 1). The difference would just be that, instead of having the shift index directly indicating the shift to use, the shift to use would be a function of the (signaled) shift index, the cell identity, alternatively the Node B identity, and the slot number. Similarly, what cover to use
 ([+ +] or [+ (]) would depend on the cover index (signaled), the cell/NodeB identity, and the subframe number.

2. Proposal

Assuming that both the shifting and orthogonal covering is supported, both shift hopping and cover hopping should be supported. More specifically, the actual shift (cover) to use should be given by:

· The signaled shift (cover) index

· The cell, alternatively the Node B, identity

· The slot (subframe) number

Base-sequence hopping needs further considerations

� Assuming normal CP.





