3GPP TSG RAN WG1#44



                           R1-060564
Denver, USA, 13-17 February 2006

Source:

Fujitsu

Title:

Considerations　on CAZAC Reference-Signal for E-UTRA Uplink

Agenda item:
13.2.2.2

Document for:
Discussion

1. Introduction

The use of CAZAC sequences for uplink reference-signals is attractive because their constant amplitude and zero auto-correlation properties in time domain enable highly accurate channel estimation at the receivers [1]. Furthermore, their good cross correlation property could enable the effective reuse of sequences to mitigate interference among reference-signals in neighboring cells/sectors. The effect of mitigation of inter-cells/sectors interference depends on the number of available CAZAC sequences, that is to say how many sequences you can use to assign to neighboring cells/sectors. This contribution discusses it in terms of cubic metric (CM) property of CAZAC sequences since CAZAC sequences have a wide range of CM depending on their sequence number and length. For the purpose of mitigating interferences among reference-signals in neighboring cells/sectors, we propose different sequences and different sequence reuse factor(SRF: reuse factor of CAZAC sequences among sectors and/or cells) on data transmission with different modulation schemes. Since the number of available CAZAC sequences becomes less when the subcarrier repetition factor (RPF: spacing between the uniformly distributed subcarriers[2]) becomes larger, SRF is also restricted by  RPF. We also discuss appropriate number of RPF in this contribution.

2. CAZAC’s properties as reference-signal symbols

Desirable characteristics of uplink reference-signal include,

· Constant amplitude in frequency domain [3]
· Good auto-correlation property [3]
· Good cross-correlation property [3]
· Low PAPR/CM in time domain with at least as good PAPR/CM as the data transmission [3]
· Enough number of the sequences which satisfy the four requirements above to be reused in neighboring cell/sectors 
The aim of the fifth requirement is to mitigate inter-cells/sectors interference of same sequence because it degrades the channel estimation badly. We will show in section3 the impact of the last two requirements on uplink reference-signal design.

In this section we briefly review the properties of Zadoff-Chu Sequences which is a typical set of CAZAC sequences. The n-th entry of the k-th Zadoff-Chu Sequences is given as follows[1].
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where k is relatively prime with L. 
The circular auto-correlation of ck is zero. The circular cross-correlation between any two sequences with the same prime length is constantly 
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. The number of sequences is L-1 when L is a prime.. We will show in section3 that the number of CAZAC sequences which satisfy the fourth requirement is much less than L-1, and the number of CAZAC sequences with appropriate CM is a bottleneck for the interference mitigation of inter-cell/sectors by sequence reusing.

3. CM property of CAZAC reference-signals　and decision of RPF

Multiplexing method for reference-signal

It has been suggested to use distributed FDMA to multiplex uplink reference signal with different bandwidths[4]. It has been also shown that the distributed FDMA as a multiplexing method for reference-signal with the same bandwidth in uplink is better than CDMA to estimate channel gain accurately [2]; thus, we assume the use of distributed FDMA as the multiplexing method for uplink reference –signal in the EUTRA. In this case, the length of the reference-signal depends on RPF of reference-signal and the bandwidth. Table1 shows the relation between RPF and Length of Sequence. As the length of sequences has to be prime to have maximum number of available sequences as well as minimum cross-correlation, we select the maximal value of allowable prime to be the length of sequences.

Table 1    Length of Sequences vs. RPF

	RPF in 5MHz Bandwidth
	RPF in 1.25MHz Bandwidth
	Length of Sequence

	1
	-
	149

	2
	-
	73

	4
	1
	37

	8
	2
	17

	12
	3
	11

	16
	4
	7


3.1. CM property of CAZAC reference-signals

Figures 1 and 2 show CM characteristics of 6 CAZAC sequences with different sequence lengths(L=7, 11, 17, 37, 73 and 149). CMs of pi/2-BPSK, QPSK and 16QAM signals are also shown to define the purpose of this contribution. As seen in Fig.1 and 2, CAZAC sequences have a wide range of CM depending on their sequence indexes. k. And the number of sequences with smaller CM than that of a certain modulation signal  decreases as the sequence length becomes shorter. For instance, there are four L=37 CAZAC sequences and two L=17 sequences which have smaller CM than that of pi/2 BPSK signal.
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Fig.1 CM properties of CAZAC vs. its sequence index
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Fig.2 CM of CAZAC vs. its sequence index 149

3.2. Restriction on RPF

Different CAZAC sequences with different k but the same L are preferably used for reference-signals of different sectors and cells in order to mitigate inter-cells/sectors interference of reference-signals. Additionally, large SRF may give further interference mitigation effect.  So large enough number of different sequences with the same length are needed to enable large SRF and realize the effective inter-cell/sector reuse of CAZAC sequence. The CM due to uplink reference-signals should be lower than that due to data part as mentioned in Section 2. The practical lowest order modulation is BPSK. And the adoption of /2-BPSK as 1-level modulation for the EUTRA uplink can be expected for its smaller CM. So we think it is beneficial to have large number of CAZAC sequences whose CM are smaller than that of /2-BPSK signal. However, as shown in Figures 1 and 2, such a sequence is small in number. Table 2 shows the number of CAZAC sequences satisfying the requirement that the sequence should have smaller CM than /2-BPSK. Providing SRF=6 where 6 different sequences with the same L are re-used every 6 adjacent cells, the number of sequences with smaller CM than that of /2-BPSK should be 6 or larger. So as shown in Table 2, the sequence length, L should be 37 or larger. And the RPF should be 4 or smaller.

The restriction on RPF is more severe than that by reception performance (See Appendix).
Table 2    Number of available sequences vs. Length of sequences

	Length of Sequence
	Number of sequences
< CM(/2-BPSK)
	Number of sequences
< CM (QPSK)
	Number of all sequences
	RPF in 5MHz Bandwidth
(1.25MHz Bandwidth Case)

	149
	18
	80
	148
	           1   

	73
	10
	38
	72
	2   

	37
	6
	20
	36
	4  (1)

	17
	2
	8
	16
	8  (2)

	11
	0
	4
	10
	12  (3)

	7
	0
	2
	6
	16  (4)


4. Proposal: Variable SRFs and variable sequences on different modulation schemes
In this section, we propose a new method to mitigate the inter-cell/sector interference of reference signals maximally while keeping the CM of the reference signal lower than that of the data part. The main idea is that we vary the index of CAZAC sequences and SRF according to different modulation schemes of the data part.
Using Fig. 3, we explain the effect of our proposal. If we use only one of CAZAC sequences in a cell/sector, we should select CAZAC sequences whose CM are lower than that of the lowest order modulation scheme like /2-BPSK for the sequence reuse between cells/sectors. However, the number of such CAZAC sequences is very small as shown in Section 3.2. Consequently, the SRF and the reuse distance become small, which results in strong interference between reference-signals from different cells/sectors (Fig. 3a). On the other hand, if we change the index of CAZAC sequences according to the modulation scheme, a larger SRF is available for high order modulation like QPSK because we have a large number of CAZAC sequences with CM which is lower than that of high order modulation scheme as shown in Section 3.2. Therefore, the interference can be mitigated between reference-signals from different cells/sectors (Fig. 3b).

For example, when the length of reference-signals is 37, as shown in Table 2 we can reuse up to 6 sequences for /2-BPSK. Provided 6 sequences are used for /2-BPSK, we can reuse 14 sequences at most for QPSK. And the rest of sequences can be reused for the pilots with 16QAM data transmission and pilots without data transmission. It is obvious that the effect of interference mitigation increases as the SRF becomes larger.
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Fig. 3 Interference mitigation by the use of different sequence

5. Conclusion
The EUTRA uplink reference signal utilizing CAZAC sequences should be designed considering the CM characteristics of the sequence. In this contribution we have presented that use of different sequences according to the modulation schemes of data transmission contributes to mitigate interferences among reference-signals in neighboring cells/sectors. We have also discussed the appropriate RPF mainly in terms of the restriction by the CM property of CAZAC reference-signals. 　

[Appendix]  Restriction on RPF based on the reception performance

Figures 4 and 5 show simulation results on reception characteristics for E-UTRA uplink. The simulation assumptions are given in Table 3. The results suggest that the RPF shouldn’t be more than 8 (resp. 6) for the bandwidth (BW) of 5MHz (resp. 1.25MHz). In the simulations, the cyclic-shift correlations in time domain between the received reference signals and the CAZAC sequence are converted to the channel estimation values in frequency domain by using FFT. Note that we keep the total transmission power of reference signals in a short block (SB) constant regardless of the RPF, that is to say the transmission power for each subcarrier is proportional to the RPF. More details on the simulation results are described below.
· The block error rates (BLER) curves are nearly same with the increase of RPF up to certain value, followed by a rapid degradation. This is because, at certain RPF, the net length of the correlation in time domain becomes shorter than the time-spread of the channel response and unable to cover all the multipaths. Note that the reference-signal sequence repeats by RPF times in time domain and the length of each repetition block is inversely proportional to RPF.
· The BLERs for BW of 1.25MHz are worse than those for BW of 5MHz because of the small frequency diversity gain.

· The largest usable RPF for BW of 1.25MHz is smaller than that for BW of 5MHz. This is because the decrease of bandwidth results in the wide spreading of each channel impulse response which degrades channel estimation accuracy.

Table 3 Simulation assumptions

	Parameter
	Assumption

	Entire bandwidth
	5[MHz]

	Bandwidth of data transmission (BW)
	5[MHz], 1.25[MHz]

	Symbol Rate
	7.68[MHz]

	Number of users
	1

	Anntena
	1(Tx) x 2 (Rx)

	MCS
	QPSK R=1/2, 16QAM R=1/2

	Path model
	6-path TU model

	Maximum doppler frequency
	5.5 [Hz] (3[km/h] speed at 2[GHz] carrier frequency)

	Subframe format
	Same as in TR 25.814

	CP length
	156 [ovs] (5.07812 [us]) x 1,
124 [ovs] (4.03646 [us]) x 7

	Repetition factor (RPF)
	2, 4, 8, 12 (BW = 5[MHz]),
2, 4, 6, 8 (BW = 1.25[MHz])

	Number of subcarriers (Long/Short)
	320/160 (BW = 5MHz and RPF = 8),
288/144 (otherwise)

	FFT size (Long/Short)
	512/256

	Reference-signal multiplexing
	Distributed FDMA & Stagger distribution

	Data multiplexing
	Localized FDMA

	Reference-signal sequence
	CAZAC sequence

	Tx and Rx Filter
	Rectangle filter (alpha = 0)

	Simulated subframes
	5000

	Simulation oversample
	4

	Channel coding
	Turbo coding (K = 4)
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Fig. 4 Simulation results of SC-FDMA for BW = 5MHz
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Fig. 5 Simulation results of SC-FDMA for BW = 1.25MHz
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