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1. Introduction

It has been agreed that the uplink reference signals intended for channel estimation for uplink coherent demodulation are to be based on Zadoff-Chu (ZC)-sequences. Different alternatives have been proposed on how ZC sequences can be used to derive the uplink reference signals

· Direct use of ZC sequences. As the reference signals are not of prime length, this would imply the use of ZC sequences that are not of a prime length and, as a consequence, there would be (typically significantly) less ZC sequences available.

· Use of ZC sequences with a length M (prime number) that is somewhat shorter than the required reference-signal length (typically M = N-1 where N is the reference signal length) 

·  Use of ZC sequences with a length M (prime number) that is somewhat longer than the required reference-signal length (typically M = N+1 where N is the reference-signal length)

Regardless of the method used, we will refer to the resulting sequences (of length N) as the reference-signal base sequences. The number of base sequences (Nbase) would then depend on:

· The length of the reference-signal sequences

· The method used to derive the base sequences from the corresponding ZC sequences, see above.

Our current preference, in terms of method to derive the base sequences, is the “Fujitsu” approach c [1] {Note that this preference is at least partly conditioned on the use of long blocks for the uplink reference signals as we are otherwise concerned about the number of available base sequences in case of short blocks for the uplink reference signals}.
The actual reference-signal sequence can be derived from the base sequences by applying different shifts with Nshift possible shifts for each base sequence. There are thus a total of Nshift(Nbase different reference-signal sequences. The different shifts of the same sequence are mutually orthogonal. The different base sequences have good cross-correlation properties. 

There are NRS reference-signal block within each sub-frame (NRS = 2 if long blocks are to be used for the UL reference signals). It is possible to apply orthogonal codes of length NRS on top of these reference-signal blocks (orthogonal “covers”). This would provide the possibility for a doubling of the number of overall reference signals assuming the channel is sufficiently constant over a sub-frame. 

Finally, in order to randomize the uplink reference-signal transmissions, “hopping” can be applied to the reference signals. Two types of “hopping” can be envisioned: 

· Base-sequence hopping, implying that the base sequence used by a UE is changed in a pre-determined but, apparently, pseudo-random way between consecutive reference-signal blocks

· Shift hopping, implying that shift used by a UE is changed in a pre-determined but, apparently, pseudo-random way between consecutive reference-signal blocks

The hopping can ensure that if, at a given time instant, two UEs in relatively neighbor cells use the same base sequence with the same shift, this will not happen at the next reference-signal transmission. 
2. RS allocation to antennas and Node Bs

It should be possible to have multiple orthogonal reference signals:

· Within the same UE in order to support multiple transmit antennas 

· Between different UEs within the same eNB. Note that we do not make any distinction between UEs within the same cell and UEs within different cells of the same eNB. In principle, it is not possible for the UE to know in what cell of a given eNB its uplink transmission is being received and thus there is no reason to differ between these two cases in terms of uplink transmissions including uplink reference-signal transmissions. 

Furthermore, it should be possible to have good cross-correlation properties between reference signals of UEs in neighbor eNB. 

We propose the multi-antenna separation to be based on orthogonal covering, i.e. in case of two UE transmit antennas the same base sequence with the same shift should be used on both antennas and the reference signals of the two antennas should be separated by means of orthogonal covers. 

In terms of number of UEs within a eNB, we believe that to be highly variable as it depends on the amount of sectorization, use of uplink beam-forming (SDMA), etc.. Thus we believe that there should be flexibility in terms of allocating shift and base sequences to different eNB. 

· In certain cases, e.g. in case of substantial sectorization or uplink SDMA, there may be a need for relatively many orthogonal base sequences in certain cells. In that case there should be a possibility to assign more than one base sequence (with all their shifts) within a eNB

· In other cases, there may be very limited need for multiple orthogonal reference signals within the same eNB
. In such cases we believe it should be possible to assign the same base sequence with different shifts to different (neighbor) eNB. Note that this is only applicable when tight inter-Node-B synchronization is applied. Note that, obviously, there would always be possible to assign the same base sequence to two different cells (the radio-access spec. would not care what is the “distance” between two eNB). What this possibility implies is rather that, if a certain base sequence can be used in a eNB, not necessarily all its shifts can be used as some shifts may be used in a neighbor cell. 
What this implies in terms of specification is simply that the UE should be explicitly informed about what base sequence to use as well as what shift to use. Furthermore, the eNB should know not only what base sequence(s) can be assigned to UEs but also what shifts of each base sequence can be assigned. Note that this is not a radio-interface issue but a deployment issue.
In the end, the above proposed flexibility should be weighted against the corresponding signaling effort. Certain limitations can be considered such as limiting the number of base sequences that can be available in each cell. However, we believe that the above proposed flexibility should be the basic principle.

In order to randomize the reference-signal transmission we propose that at least shift hopping is adopted. We believe that this provides an additional robustness to the system, as it randomized the inter-RS interference between eNB (typically not direct neighbors) that use the same base sequence without being able to coordinate the used shifts. In practice shift hopping implies that the actual shift to be used by the UE depends on the assigned shift index in combination with the timing of the reference-signal transmission in a eNB specific way.
3. Proposal

We propose the following for the uplink reference signals intended for channel estimation for coherent demodulation:
· Base sequences for the uplink reference signals are generated by means of the Fujitsu approach c [1] 
· Uplink reference signals are specified by a base-sequence index and a shift index

· In case of multi-antenna transmissions, the same base-sequence index and shift index are used for both  antennas and the antennas are distinguished by different orthogonal covers 
· Multiple base-sequence indices can be used within the same eNB
· Shift hopping should be applied, i.e. the actual shift to be applied to the reference signal should depend on the shift index in combination with the timing of the reference signal transmission in an eNB-specific way.
It is proposed that this is covered in the specifications (36.211 and/or 36.213). We leave it to the editor(s) to provide exact text proposal(s). 
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