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1. Introduction

As shown in, for example, [1], a narrow transmission bandwidth for a shared data channel is effective in increasing the user throughput of a user equipment (UE) located near the cell boundary with a limited maximum transmission power in the uplink. The use of the Zadoff-Chu sequence, which belongs to the family of CAZAC (Constant Amplitude Zero Auto-Correlation) sequences, as a reference signal in the uplink was agreed upon in the RAN1#46 meeting. Although the CAZAC sequence provides accurate channel estimation due to its good auto-correlation property, the number of available CAZAC sequences is restricted according to the length of the sequence. However, employing a narrower transmission bandwidth results in fewer number of CAZAC sequences required for the reference signal for demodulation of the shared data channel due to a shorter sequence length. A small number of available CAZAC sequences is not desirable in the E-UTRA system, since flexible sequence-reuse planning of the reference signals among different Node Bs is not possible. Therefore, this paper proposes several options to allocate effectively the limited number of CAZAC sequences for reference signals using a narrow transmission bandwidth for the shared data channel in the SC-FDMA based uplink.

2. Reference Signal Sequence Allocation Method in E-UTRA Uplink

The number of available CAZAC sequences is limited according to the length of the CAZAC sequence, i.e., proportional to the sequence length.  For instance, assuming that a Zadoff-Chu sequence is applied to the uplink reference signal sequence as a CAZAC sequence, the number of sequences is the number of integers relatively prime to the sequence length “N”. Thus, assuming N is a prime number, the number of sequences becomes (N  1) at maximum. 

Employing a narrow transmission bandwidth for the shared data channel is effective in increasing the user throughput of the UE located near cell boundary with a limited maximum transmission power in the uplink, as we reported in [1]. Since the length of a short block (SB) in an uplink sub-frame, NSB, is 13 symbols in a 375-kHz transmission bandwidth, only 12 CAZAC sequences are generated as shown in Fig. 1. Accordingly, when a fixed CAZAC sequence is allocated to each cell, the re-use planning of the CAZAC sequences in cellular environments with a multi-cell configuration becomes very difficult and extremely complicated for the operator as shown in Fig. 2.
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Figure 1 – Number of CAZAC sequences according to transmission bandwidth
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Figure 2 – Re-use planning for CAZAC sequences in cellular system
Therefore, this contribution proposes inter-Node B flexible allocation of the limited number of CAZAC sequences based on the following three approaches.

· Usage of a wider transmission bandwidth for the reference signal for the extremely narrowband data channel transmission (Option 2 in [2])
· Randomization using CAZAC sequence hopping
· Approach based on inter-Node B coordination
· Method 1: Resource block (RB) assignment or CAZAC sequence assignment is controlled. 
· Method 2: Uplink transmission timing is controlled in order to avoid overlapping of the SBs from neighboring cells.
Note that a combination of the above-mentioned methods is possible.

2.1. Usage of Wider Transmission Bandwidth for Reference Signal for Extremely Narrowband Data Channel Transmission
The number of CAZAC sequences becomes smaller when the transmission bandwidth for the reference signal becomes narrower. Therefore, for extremely narrowband data channel transmission such as 1 – 4 resource blocks (RBs), by setting the transmission bandwidth for the reference signal wider than the data channel, we can increase the number of CAZAC sequence. For example, if the minimum transmission bandwidth for the reference signal is limited to 4 RBs (= 720 kHz), the number of CAZAC sequences becomes 12 assuming that the reference signal for CQI measurement is multiplexed using distributed FDMA in a SB. It should be noted that an excessively wide bandwidth for the reference signal for demodulation compared to that for the data channel causes channel estimation degradation.
2.2. Approach based on Randomization

In this approach, as shown in Fig. 3, the CAZAC sequences, which are used at each cell, are adaptively selected by using the cell-specific hopping patterns among the limited number of CAZAC sequences. By increasing the number of sequence hopping patterns such as to 512, strict assignment of the CAZAC sequences is avoided. The collision probability of the same CAZAC sequence in the neighboring cell is reduced through sequence hopping. Similar to the comma free code for the secondary synchronization channel (S-SCH) in W-CDMA, a hoping sequence is generated by, for example, the Reed-Solomon code. 


The merits of randomization by sequence hopping are that inter-Node B coordination is unnecessary and that the number of control signaling bits sent to a UE regarding the employed CAZAC sequences is small, since the UE is formed of the control signaling once in a long interval by static assignment. Meanwhile, the demerit of the approach is that collision of the same CAZAC sequence occurs. When collision occurs, ARQ compensates for data packet decoding errors. 
[image: image3.wmf]Frequency

Time

#1

#1

#1

#1

#1

#1

#1

#1

#1

#1

#1

#1

Cell 1

Cell 2

Cell 3

#2

#2

#2

#2

#2

#2

#2

#2

#2

#2

#2

#2

#3

#3

#3

#3

#3

#3

#3

#3

#4

#4

#4

#4

#3

#3

#3

#3

#4

#4

#4

#4

#4

#4

#4

#4

Index of CAZAC sequence

1

RB

(

e.g.) 

1

sub

-

frame


Figure 3 – CAZAC sequence allocation using sequence hopping

2.3. Approach based on Inter-cell Coordination
(1) Method 1: Coordination of RB assignment or CAZAC sequence assignment
In this approach, a RB using a CAZAC sequence or the CAZAC sequence itself is coordinated adaptively among different Node Bs in the scheduling operation of radio resources.

· Semi-static coordination 

· Coordination method to employ inter-Node B control signaling
(1) Each Node B sends information regarding the employed RB or CAZAC sequence to the surrounding Node Bs, as shown in Figs. 4(a) and 4(b), respectively. Each Node B uses the RB or CAZAC sequence by avoiding autonomously the sequences that are used in the surrounding cells 

(2) Each Node B sends cell-specific priority information regarding the RB or CAZAC sequence of the own cell to the surrounding Node Bs as shown in Fig. 4(c) and 4(d), respectively. Then, each Node B uses the RB or CAZAC sequence with the highest priority. The priority of the RB or CAZAC sequence is coordinated in a semi-static manner.

· Coordination method without inter-Node B control signaling
In this method, each Node B selects the unused (or used) RB or used CAZAC sequence autonomously with moderate speed in a semi-static manner as shown in Fig. 4(e). The appropriate RB or CAZAC sequence is selected from the interference measurement in the uplink using each CAZAC sequence at each RB.

· Dynamic coordination

· Coordination method to employ inter-Node B control signaling
Each Node B sends priority information regarding the employed RB or CAZAC sequence to the surrounding Node Bs. The priority of the RB or CAZAC sequence used at each Node B (cell) is pre-decided so that the priority becomes orthogonal among neighboring Node Bs in a semi-static manner. Each Node B dynamically selects the RB or CAZAC sequence used in decreasing order from the highest priority, i.e., the Node B decides to use or not to use the RB or CAZAC sequence with low priority based on the interference measurement in the uplink using each CAZAC sequence at each RB. A UE located near the cell boundary has a higher priority than a UE near the cell site. 

· Coordination method without inter-Node B control signaling
In this method, each Node B selects an unused (or used) RB or used CAZAC sequence autonomously and randomly in a dynamic manner. The appropriate RB or CAZAC sequence is selected based on the interference measurement in the uplink using each CAZAC sequence at each RB.
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(a) Sending information regarding employed RBs to surrounding Node Bs
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(b) Sending information regarding employed CAZAC sequences to surrounding Node Bs
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(c) Sending cell-specific priority information regarding employed RBs to surrounding Node Bs
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(d) Sending cell-specific priority information regarding employed CAZAC sequences to surrounding Node Bs

[image: image8.emf]Cell site

Cell 1

Cell 2

Cell 3

Frequency

Frequency

Interference power 

measurement of other cells

Resource block allocation

Without signaling between Node Bs

CAZAC #1

CAZAC #2

CAZAC #3


(e) Coordination without inter-Node B control signaling
Figure 4 – Inter-Node B coordination of CAZAC sequence allocation
(2) Method 2: Coordination of uplink transmission timing
Since the collision of the reference signal between cells becomes a problem only when the uplink received signals from multiple cells are synchronized. Therefore, in this approach, the transmission timing of the uplink signal is controlled so that the received signal timings of SBs from different cells are not overlapped. However, if the transmission timing of the uplink signal is largely delayed to avoid overlapping, the round trip delay of hybrid ARQ will be increased. Therefore, the control range of the transmission timing is limited so that the required round trip delay of hybrid ARQ is achieved. Similar to Method 1, semi-static and dynamic coordination is possible.
3. Conclusion

This contribution brought up the problem in which the number of available CAZAC sequences for reference signals becomes very small for localized FDMA transmission with a narrow transmission bandwidth in the uplink. This situation should be avoided because the re-use planning of CAZAC sequences in cellular environments with a multi-cell configuration becomes very difficult and exhaustively complicated. Therefore, we proposed the following possible approaches to avoid strict CAZAC sequence assignment:
· Usage of a wider transmission bandwidth for the reference signal for extremely narrowband data channel transmission
· Randomization using CAZAC sequence hopping
· Approach based on inter-Node B coordination
· Method 1: RB assignment or CAZAC sequence assignment is controlled. 
· Method 2: Uplink transmission timing is controlled in order to avoid overlapping of the SBs from neighboring cells.
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