3GPP TSG RAN WG1 #42 on LTE                                            R1-050703 
London, UK, August 29 - September 2, 2005

Source: 

NTT DoCoMo, Fujitsu, NEC, SHARP
Title:
Investigation on Pilot Channel Structure for Single-Carrier FDMA

Radio Access in Evolved UTRA Uplink
Agenda Item:

10.3

Document for:
Discussion and Decision
1. Introduction
At the RAN1 adhoc meeting (Sophia Antipolis), a joint contribution on a radio access concept was proposed [1].  In the contribution, a single-carrier based radio access scheme was proposed because it is very advantageous to wide area coverage support in cellular systems owing to low peak-to-average power ratio (PAPR) features. In [2], the simulation assumptions were also approved. This contribution investigates the optimum pilot channel parameters such as the position of the pilot blocks and the number of pilot blocks using a time division multiplexing (TDM) based pilot channel from the viewpoint of the throughput performance for the single-carrier FDMA radio access in the Evolved UTRA uplink.

2. Simulation Conditions

We investigate the following parameters for the TDM-based pilot channel for single-carrier FDMA radio access.

· The optimum pilot block positions within a sub-frame

· The optimum number of pilot blocks

In the investigation, we considered the following factors.

· Tracking ability for fast fading variation: similar to the considerations in [2], we optimize the afore-mentioned parameters under lower mobility conditions such as less than approximately 120 km/h, which is a typical deployment environment. We investigate the influence of the parameters, which can suppress to as small as possible the degradation in an extremely high mobility environment such as 350 km/h.

· Type of packet lengths: we consider both a short packet with one sub-frame length and a long packet with multiple sub-frame length

· Channel estimation method: we employ the appropriate channel estimation method by interpolation and extrapolation according to the pilot length

We use the Option 1 frame format ([3] Table 3) in the simulation assumptions as shown in Fig. 1, since only one or two pilot blocks per sub-frame are defined, i.e., three blocks using the short FFT size blocks are not defined, in Option 2 ([3] Table 4).
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Figure 1 – Assumed sub-frame structure
Thus, assuming the sub-frame structure in Fig. 1, we investigate the throughput performance using one to three pilot blocks per sub-frame for the four groups as shown in Figs. 2. 
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(a) Group 1                                               (b) Group 2
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(c) Group 3                                              (d) Group 4

Figure 2 – Assumed pilot block structures

Figure 3 indicates the channel estimation method assuming the pilot block structure of Group 2 for one-sub-frame packet length and multiple sub-frame packet length. As shown in Fig. 3(a), channel estimation for data parts between two pilot blocks in the same sub-frame is generated by interpolation of the two channel estimates using the pilot symbols. Meanwhile, for the data part outside the pilot symbols, the channel estimate of each block is generated by extrapolating the two channel estimates using the pilot symbols. Thus, it is anticipated that the channel estimation accuracy will be degraded for the data part outside the pilot symbols in a high mobility case in the pilot block structures for the one-sub-frame packet length. As shown in Fig. 3(b), for the multiple sub-frame packet length, the channel estimate for outside the pilot symbols is accurately generated by interpolating the channel estimates using the pilot symbols belonging to different successive sub-frames.   
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(a) One sub-frame case
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(b) Multiple sub-frame case

Figure 3 – Channel estimation methods 

Tables 1 gives the simulation parameters, which are based on those agreed upon at the RAN1 adhoc meeting [2],[3]. 

Table 1 – Simulation Parameters
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3. Simulation Results

3.1 One pilot block structure

Figures 4(a), 4(b), 4(c), and 4(d) show the throughput performance levels as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) for QPSK modulation using one-pilot block structure at the moving speed of 30, 120, 200, and 350 km/h at 2.6 GHz carrier frequency (corresponding to the fading maximum Doppler frequency of 72.2, 289, 482, and 843 Hz), respectively. Similarly, Fig. 5 shows the corresponding throughput performance for 16QAM modulation. The throughput performance levels of the one and four sub-frame packet lengths are plotted as blue and red lines, respectively. The figures show that the four sub-frame packet length provides better throughput performance than that of the one sub-frame packet length. This is caused by the improving channel estimation accuracy since interpolation using multiple pilot blocks belonging to different sub-frames is performed. Fig. 4 also shows that the structures of G1-P1-b and G2-P1-b exhibit superior throughput performance compared to the other structures for low to extremely high mobility cases for QPSK modulation. Furthermore, from Fig. 5, this tendency is observed more distinctly for 16QAM modulation.
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Figure 4 – Throughput performance for QPSK modulation (1 pilot block)

[image: image9.wmf]1 

sub

-

frame length

4 sub

-

frame length

(

G1

-

P1

-

a), (G3

-

P1

-

a)

(G2

-

P1

-

a), (G4

-

P1)

(G3

-

P1

-

b)

(G1

-

P1

-

b), (G2

-

P1

-

b)

1 

sub

-

frame length

4 sub

-

frame length

(

G1

-

P1

-

a), (G3

-

P1

-

a)

(G2

-

P1

-

a), (G4

-

P1)

(G3

-

P1

-

b)

(G1

-

P1

-

b), (G2

-

P1

-

b)

0

5

10

15

20

0

5

10

15

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

0

5

10

15

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

0

5

10

15

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

0

5

10

15

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

16QAM

1

-

pilot block

16QAM

1

-

pilot block


(a) 30 km/h                                                        (b) 120 km/h
[image: image10.wmf]1 

sub

-

frame length

4 sub

-

frame length

(

G1

-

P1

-

a), (G3

-

P1

-

a)

(G2

-

P1

-

a), (G4

-

P1)

(G3

-

P1

-

b)

(G1

-

P1

-

b), (G2

-

P1

-

b)

1 

sub

-

frame length

4 sub

-

frame length

(

G1

-

P1

-

a), (G3

-

P1

-

a)

(G2

-

P1

-

a), (G4

-

P1)

(G3

-

P1

-

b)

(G1

-

P1

-

b), (G2

-

P1

-

b)

0

5

10

15

20

5

10

15

20

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

5

10

15

20

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

5

10

15

20

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

0

5

10

15

20

5

10

15

20

Throughput (Mbps)

Average received E

s

/N

0

 per antenna (dB)

16QAM

1

-

pilot block

16QAM

1

-

pilot block


(c) 200 km/h                                                        (d) 350 km/h
Figure 5 – Throughput performance for 16QAM modulation (1 pilot block)
3.2  Two pilot-block structure

Figures 6(a), 6(b), 6(c), and 6(d) show the throughput performance levels as a function of the average received Es/N0 for QPSK modulation using a two-pilot block structure at the moving speed of 30, 120, 200, and 350 km/h, respectively. Figure 7 indicates the corresponding throughput values for 16QAM modulation. Clearly comparing the results of the two pilot-block structure in Fig. 6 to those of the one pilot-block in Fig. 4, the achievable throughput performance is significantly improved owing to the use of a great deal of pilot symbol energy when the mobility is higher than approximately 120 km/h. We also see that the dependency of the pilot block locations within a sub-frame on the throughput performance is small up to the moving speed of approximately 200 km/h both in QPSK and 16QAM modulation. However, we see that when the moving speed of 350 km/h, the structures of G2-P2 and G4-P2 exhibit the superior performance to the other structures, particularly for 16QAM modulation in Fig. 7(d). 
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Figure 6 – Throughput performance for QPSK modulation (2 pilot blocks)
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Figure 7 – Throughput performance for 16QAM modulation (2 pilot blocks)

3.3   Three pilot-block structure

Finally, Figs. 8 and 9 show the throughput performance levels as a function of the average received Es/N0 using a three-pilot block structure for QPSK and 16QAM modulation, respectively. Comparing Fig. 8 (9) to Fig. 6 (7), the improvement in the required average received Es/N0 of the three pilot-block structure compared to the two pilot-block structure is small when the moving speed is less than approximately 200 km/h. Furthermore, when comparing the two and three pilot-block structures, even for the extremely high mobility environment of 350km/h, the reduction in the required average received Es/N0 in the G2-P2 structure is only 0.2 to 0.3 dB. Thus, we can understand that the two pilot-block structure is better than the three pilot-block structure, since the maximum data rate is increased while maintaining almost the same required average received Es/N0.
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Figure 8 – Throughput performance for QPSK modulation (3 pilot blocks)
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Figure 9 – Throughput performance for 16QAM modulation (3 pilot blocks)

In conclusion, we clarified the following results.

· For one pilot-block structure, the structure where the pilot block is mapped at the middle of the sub-frame achieves the best throughput performance.

· For the two pilot-block structure, the following pilot-block structure achieves almost the best throughput performance.
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Figure 10 – Recommendation of pilot-block structure

· For the three pilot-block structure, the structure where the pilot block is added at the middle of the sub-frame into the above two pilot-block structure provides almost the best throughput  performance.

· Among the three types of pilot blocks per sub-frame, the two pilot-block structure is the most appropriate from the viewpoints of the required average received Eb/N0 and from the achievable data rate.   

4. Conclusion

This contribution clarified the following results on pilot block mappings for single-carrier FDMA in the Evolved UTRA uplink.

· Among the three types of pilot blocks per sub-frame, the two pilot-block structure is the most appropriate from the viewpoints of the required average received Eb/N0 and from the achievable data rate.   

· We recommend the pilot-block mapping structure in Fig. 10, which exhibits superior performance for both a short packet with one sub-frame duration and a long packet with multiple sub-frame duration. 

5. Text Proposal (Section 9.1.1 in TR25.814)

---------------------------------------- Start of Text Proposal --------------------------------------------------

9.1.1 Basic transmission scheme

The pilot-block mapping structure shown in Fig. 1 should be employed. Among the three types of pilot-block mapping structure, the two pilot-block structure per sub-frame is the most appropriate from the viewpoints of the required average received Eb/N0 and from the achievable data rate.
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Figure 1 – Pilot-block structure within a sub-frame
---------------------------------------- End of Text Proposal --------------------------------------------------
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