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1. Introduction
SC-FDMA is accepted as the uplink modulation of choice for the E-UTRA.  The uplink E‑UTRA sub-frame contains two short DFT-spread OFDM symbols (SB1 and SB2).  These two short blocks contain uplink reference signals [1].  Uplink reference signals are used for coherent modulation and channel-quality estimation for channel-dependent scheduling.
Assuming uplink transmissions are synchronous (within the length of cyclic-prefix), multiple mutually orthogonal reference signals can be generated either in the frequency domain (FDM) or the code domain (CDM).  In CDM structure, multiple reference signals occupy the same subcarriers.  However, they are chosen to be mutually orthogonal in the code domain by selecting a family of sequences with good cross-correlation properties.  For instance, specific cyclic shifts of a single CAZAC or GCL sequence are being considered for E‑UTRA [2].  This will make it possible to individually estimate channels associated with different UEs and/or multiple transmit antennas.

1. It is desirable for the uplink reference to possess the following properties:

2. Constant amplitude in frequency domain,
3. Low PAPR/cubic metric (CM) in time domain,

4. Good auto-correlation properties,

5. Good cross-correlation properties.

It has been shown that the chirp-like sequences, such as GCL and Zadoff-Chu, which are polyphase sequences, satisfy the above properties.  Hence such sequences are being considered as candidates for uplink reference signals specifically for the CDM option (a.k.a. continuous option.)    
2. Channel Estimation
Channel estimation algorithms perform poorly under low SINR channel conditions.  However, channel estimation algorithms should be as robust as possible to poor channel conditions, since the performance of the receiver in any wireless communication system is directly related to the accuracy of the channel estimation. The scheme proposed here improves the performance and accuracy of any channel estimation algorithms. To achieve this, reference signals that are localized in the joint time-frequency (JTF) domain are proposed together with de-noising techniques for those UEs with low SINR.
2.1. De-noising
If the reference signal sequences are localized in the joint time-frequency (JTF) domain, it is possible to use de-noising techniques to increase the SINR prior to channel estimation to improve channel estimation performance [3], [4].  The concept of de-noising is shown in Figure 1.
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Figure 1- De-noising in JTF domain prior to channel estimation.

As seen using any JTF analysis method such as discrete Gabor transform (DGT), the received reference signal sequence is transformed to JTF domain.  Then, using any de-noising technique such as a simple masking operation, the reference sequence is separated from the embedded noise and interfering reference/data from other antennas/cells.  Following this, any JTF synthesis method such as inverse discrete Gabor transform (IDGT) can be used to transfer the output of de-noising back to the time domain. This results in a de-noised reference sequence that contains minimal noise and interference.  The noise and interference left after de-noising is only that portion which overlaps the pilot in the JTF plane.  As described later, the reference sequences have to be chosen in such a way that in the JTF domain they do not overlap.  This way, the interference from other pilots (after masking) is minimal. Since the pilots suggested here are localized in the joint time-frequency plane, the residual noise power is minimal as well. The channel estimation block in Figure 1 performs estimation using de‑noised pilot sequence which results in a much better estimate compared to a conventional estimation method that starts with a noisy pilot sequence. 

3. Reference Signal Sequence Design

The reference sequences must be well localized in the JTF domain for the channel estimator to yield the best performance.  We suggest a subset of chirp-like sequences that belong to the CAZAC family and are well localized in the JTF domain.  There are several well-known chirp-like families of sequences in literature.  The following sequences are being considered for uplink reference signals:
3.1. Zadoff-Chu sequence:
Zadoff-Chu sequence is defined as [5]:
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where N is the length of sequence, q is any integer, and u is an integer prime to N and is known as the class of sequence.  
3.2. Generalized Chirp Like (GCL) Sequence:
GCL sequence is defined as [6]:
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where N is the length of sequence, 
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is Zadoff-Chu sequence, and m is a positive integer such that N = cm2, where c is an integer.  bk is any sequence of m complex numbers having the absolute values 1.  Note that Zadoff-Chu sequence is a special case of GCL where b = 1.
Both Zadoff-Chu and GCL sequences are chirp-like.  For a Zadoff-Chu sequence, if index u (sequence class) is chosen 1 or -1, it will produce sequences that are well localized in JTF domain.  Similarly for GCL sequences, if index u (sequence class) is chosen 1 or -1 with b = 1, then the resulting sequence is very well localized in JTF domain.   Under such conditions, the aforementioned de-noising process can be used to increase SINR significantly to provide better quality channel estimation [7].  As index u increases, the sequence starts losing its localization property in JTF domain. 
On the other hand, previous studies show that due to multipath the number of cyclic shifts to produce mutually orthogonal reference signals in continuous option is limited to 6 for TU channel model [8].  Hence it has been proposed to use different indices u to generate more reference signals as needed.   In this document we propose to assign reference signals with u indices 1 or -1 (or generally as small as possible) to those UEs that are more susceptible to lower SINR such as cell edge users.   This way the receiver will be equipped to apply more intelligent channel estimation algorithms based on de-noising for such UEs.
4. Simulation Results

In this section some preliminary simulation results are presented to show the effectiveness of de-noising in channel estimation.  Figure 2 shows channel estimation RMSE (root‑mean‑square-error) for channel model TU-6 with a Zadoff-Chu reference signal of length 200 for three different cases: 1) channel estimation with no de-noising,   2) Channel estimation with de-noising while using a well localized reference signal with index 1, and finally, 3) channel estimation with de-noising while using a moderate localized reference signal with index 3. Significant gains are shown to be achievable with a well localized reference signal.
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Figure 2- Channel estimation error for reference sequence with length of 200.
5. Conclusions

The advantage of using JTF localized sequences as the reference signal for uplink E-UTRA is shown.  Simulation results show that de-noising can improve channel estimation performance significantly.  We recommend a subset of CAZC/GCL sequences which are well localized in the JTF domain as a reference signal for those UEs with poor SINR conditions.  It is worthwhile to mention that de‑noising is not mandatory and it may be used at will to improve channel estimation performance.  In other words, selecting a sequence that is well localized in the JTF domain as the reference signal does not impose de-noising operation at the receiver.  If one chooses not to use de-noising at the receiver, our recommended sequences will certainly work for any traditional channel estimation algorithm as well.
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6. Text Proposal
---------------------------------------- Start of text proposal ----------------------------------------------

· Reference-signal for uplink channel-quality estimation (channel sounding):
· Reference signal may occupy at least partly different spectrum than data transmission. This allows for channel-quality estimation also for other frequencies than that used for data transmission and, as a consequence, allows for uplink channel-dependent scheduling.
· For multiplexing reference-signals from different UEs within the same Node B, distributed FDM and/or CDM is used.
· Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO is to be studied further.
· When reference-signal for uplink channel-quality estimation is transmitted with data symbols within the same sub-frame, a part of this reference-signal can also be used for channel estimation for demodulation/detection of the data symbols.
The two SBs can be used for transmission of reference-signals for different purposes listed above.
When the reference signals occupying the different size of the spectrum (FFS) are multiplexed into overlapped frequency band, different sub-carriers should be assigned for the reference signals within the overlapping frequency band in order to achieve orthogonal transmission.
The uplink reference signals are based on CAZAC sequences. Which exact type of CAZAC sequences is FFS
GCL/CAZAC sequences that are localized in joint time-frequency domain are reserved for UEs with low SINR, such as cell edge UEs.  This way robust channel estimation will be possible for such UEs.
------------------------------------------- End of text proposal -------------------------------------------- 
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