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1. Introduction

Single – Carrier FDMA (SC – FDMA) has been accepted as the uplink modulation of choice for the evolved UTRA (EUTRA). Consequently, the EUTRA uplink sub-frame comprises of OFDM symbols, which are generated via DFT-spread OFDM [1]. It was agreed that the uplink EUTRA sub-frame contains two short DFT-spread OFDM symbols (SB1 and SB2), which contain uplink reference (pilot) signals [1]. This document is a text proposal which assumes a contiguous pilot option from [1] and defines: 

1) Uplink pilot sequences which are used to modulate SB1 and SB2

2) Multiplexing of uplink pilot signals in the evolved UTRA    

1.1. Discussion on Pilot Sequences [Continuous Pilot Option]
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Proposed sequences [7] are given by the formula

In the above formula, L is the length of the sequence, n is the index of a particular element of the sequence n = {0, 1, 2 …, L - 1}, and finally, k is the index of the sequence itself. Note that for a given length L, there are L – 1 distinct sequences, provided that L is prime. Therefore, the entire family of pilot sequences is defined as k ranges in {1, 2 …, L - 1}. The above family of pilot sequences is a very special case of Zadoff – Chu family [2, 3], or alternatively, a special case of the GCL family [4, 6]. These sequences have been chosen because they possess following desirable [7, 8] properties 
1. Constant magnitude, which ensures that uplink pilot signal has a low peak – to – average ratio (PAR).

2. Flat frequency domain response. This property has been show to aid the channel estimation [10, 7].
3. Ideal [delta-impulse] circular autocorrelation [for any given k]. This property is in fact equivalent to property 2.
4. Low, constant magnitude cross-correlation, provided that L is a prime number.
5. Large number of distinct sequences (L – 1)
By definition, specified set of pilot sequences possess Constant Amplitude Zero-Autocorrelation (CAZAC) property, because it has characteristics 1 and 3 above. Length L, of the uplink pilot sequence, depends on the size of the “Pilot Frequency Block,” which is defined next. 

1.2. Discussion on Uplink Pilot Multiplexing [Continuous Pilot Option]

Pilot Frequency Block can consist of L = {37, 73, 151, 293, 601} contiguous sub – carriers, which corresponds to pilot bandwidths of {1.11MHz, 2.19MHz, 4.53MHz, 8.79MHz, 18.03MHz}. Note that for the EUTRA option of 1.25 MHz, the Pilot Frequency Block must consist of 37 contiguous sub-carriers (which span 1.11MHz). For EUTRA bandwidth options which are larger than 1.25MHz, the Pilot Frequency Block can be configured. For example, for the option of 5 MHz, the Pilot Frequency Block can consist of either 37, 73 or 151 contiguous sub – carriers. Up to 8 concurrent UEs are allowed to multiplex their pilot transmissions on a single Pilot Frequency Block, as follows. 

Each sector can use only two CAZAC pilot sequences (primary and secondary), from the family defined above. Four UEs are multiplexed using four distinct cyclic shifts of the primary sequence. Remaining four UEs utilize the four distinct cyclic shifts of the secondary CAZAC sequence. In addition, UEs which utilize the secondary CAZAC pilot also employ the {+1, -1} modulation across SB1 and SB2. This ensures near - orthogonality for all 8 UEs which are simultaneously multiplexed on a single Pilot Frequency Block [11]. Modulation of SB1 and SB2 for UEs which use primary and secondary CAZAC sequences, is given in Figures below (Text Proposal section).
In fact, for TU channel, it is possible to multiplex more than 8 UEs, using the described reference signal structure. Discussion in [11] shows that it is possible to multiplex 6 UEs with a primary CAZAC and 6UEs with a secondary CAZAC (total of 12UEs), provided that the channel delay spread is TU. However, the choice of four distinct cyclic shifts (per CAZAC sequence) is based on the analysis from [5], which takes into account the cell – size and the corresponding worst – case delay spread of the channel. In order to avoid error floors due to the dominant interferer (for channel estimation) problem [11], no two neighboring sectors are allowed to utilize the same CAZAC sequence, i.e., neighboring sectors must use defined CAZAC sequences with differing k. This restriction amounts to “interference coordination” for the pilot signal, and is relatively easy to achieve, since there are at least 72 (for L = 73), or more, different sequences in the family defined above. 

2. Text Proposal [Section 9.1.1.2 in TR25.814]
---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.1.2.1 Uplink Reference Signal Structure
9.1.1.2.1.1
Sequences for the Uplink Reference Signal
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Sequences which modulate uplink reference signals are defined by
In the above formula, L is the length of the sequence, n is the index of a particular element of the sequence n = {0, 1, 2 …, L - 1}, and k is the index of the sequence itself. For a given length L, there are L – 1 distinct sequences, provided that L is prime. 

9.1.1.2.1.2
Multiplexing of Uplink Reference Signals
The “Pilot Frequency Block” can consist of L = {37, 73, 151, 293, 601} contiguous pilot (SB1 and SB2) sub – carriers. For the EUTRA option of 1.25 MHz, the Pilot Frequency Block must consist of 37 contiguous sub-carriers. For larger bandwidth options, the Pilot Frequency Block can be configured. Up to 8 concurrent UEs are allowed to multiplex their reference signal transmissions on a single Pilot Frequency Block, as follows. 
Each sector can concurrently use only two CAZAC sequences (primary and secondary), from the CAZAC family defined above. No two neighboring cells are allowed to concurrently utilize the same CAZAC sequence, i.e., neighboring cells must use defined CAZAC sequences with differing k. For any given sector, four UEs are multiplexed (on a given Pilot Frequency Block) using four distinct cyclic shifts of the primary sequence. If the primary sequence is ck(n), with length L, then four distinct cyclic shifts are defined as follows 

· First shift is the sequence
ck(n) itself, as defined above. 
· Second shift is the sequence
ck(n + (L / 4( mod L)
· Third shift is the sequence
ck(n + 2 (L / 4( mod L)
· Fourth shift is the sequence
ck(n + 3 (L / 4( mod L )

Remaining four UEs utilize the four distinct cyclic shifts of the secondary CAZAC sequence (on a given Pilot Frequency Block). In addition, UEs which utilize the secondary CAZAC pilot also employ the {+1, -1} modulation across SB1 and SB2. Modulation of SB1 and SB2 for UEs which use primary and secondary CAZAC sequences, is given in Figures below.
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Figure: Modulation of Uplink Reference (Pilot) Signal for UEs which Utilize Primary CAZAC Code
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Figure: Modulation of Uplink Reference (Pilot) Signal for UEs which Utilize Secondary CAZAC Code

---------------------------------  End of Text Proposal  -----------------------------------------------------
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