3GPP TSG RAN WG1 #43                         
R1-051374 
Seoul, Korea, 7 – 11 November, 2005

Source: 

Texas Instruments
Title:
Update on Link – Level Evaluation of Localized and Distributed Pilot for SC – FDMA 

Agenda Item:

8.1 
Document for:
Discussion
1. Introduction
During the RAN1#42bis meeting in San Diego, we presented a link-level evaluation of SC-OFDMA, which focused on the comparison of both localized vs. distributed data, and localized vs. distributed pilot [1]. The first conclusion of [1] was that with realistic channel estimation, the performances of SC-OFDMA with localized data and SC-OFDMA with distributed data become comparable at BLER=0.1. Furthermore, [1] introduces a discussion on the appropriate pilot structure, for the option of localized data transmission. Essentially, with localized data transmission, distributed pilot enables frequency-dependent scheduling while incurring a channel estimation penalty in terms of link level performance. 
In order to strike the balance between frequency-dependent scheduling and accurate channel estimation, [1] proposes the option of distributed SB1 (first pilot block) and localized SB2 (second pilot block). Furthermore, for localized data transmission, [1] presents link – level comparison of two SC – OFDMA configurations: first, the baseline one where both SB1 and SB2 are localized, and second, the configuration where SB1 is distributed whereas SB2 is localized. 

The conclusion of [1] was that by migrating from localized to distributed SB1, the incurred BLER penalties are as follows: at 3kmph the penalty is marginal (0.2 dB), while at 120kmph and 360kmph the penalty is 1.5 dB. The system which employs distributed SB1 would enable frequency-dependent scheduling, and as such, it is optimized for low speeds, while performing satisfactorily for high speeds (as defined in the system requirements [4]). Since the results in [1] assumed availability of pilot signal from past, current and future TTI, the following two questions were brought up during the RAN1#43bis discussion in San Diego

1. Would the conclusions of [1] change if the pilot signals from past and future TTIs are not available? Specifically, assuming that both data and SB2 were localized, what is the BLER penalty that is introduced by allowing SB1 to be distributed?
2. What is the utility of distributed SB1 in channel estimation, provided that both SB2 and data are localized?    

In this contribution we answer the above two questions. The numerology is assumed to be in text proposal on SC – FDMA [2], with the following diagram: 
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Figure 1: Uplink TTI structure for SC-FDMA. 
2. Discussion
In this contribution, we simulated five possible interpolation methods, which use channel estimates from pilot blocks (SB), to interpolate channel estimates for data symbols (LB). Three out of five methods assume that only measurements from the present TTI are available at the receiver. All methods are described in Table 1 below.   
	Parameter
	Assumption

	Bandwidth
	5 MHz (2.6 GHz)

	Channel Model
	TU, Various Velocities

	Data Channel Turbo Coding
	Rate ½

	Data Modulation
	16QAM

	Uplink Numerology
	Option 2 in [1] (Table 9.1.1.2)

	Antenna Configuration
	1 at Transmitter, 2 at Receiver

	Pilot Modulation
	QPSK

	Data Channel
	Localized with 48 Sub-carriers



	Pilot Channel
	Option 1
	Localized SB1 and SB2.

	
	Option 2
	Distributed SB1 and Localized SB2 – both utilizing CAZAC sequences [3].

	CE (Channel Estimation) for SB  
	Least Squares Frequency Interpolation

	CE Time Interpolation for LB
	Method 1
	Use only SB2 from present TTI

	
	Method 2
	Weighted averaging between SB1 and SB2 from present TTI. Weights are inversly proportional to bandwidths of SB1 and SB2.

	
	Method 3
	Linear interpolation between SB1 and SB2. 

	
	Method 4
	Correlation (between each SB and LB under consideration) based matched filter. Correlation depends on Doppler spread which is quantized to [0, 200, 400, 600, 800] Hz. Also, SBs are assumed to be available from past, present and future TTI. 

	
	Method 5
	Correlation (between all SB’s and each SB and LB under consideration) based Wiener filter. Correlation depends on Doppler spread which is quantized to [0, 200, 400, 600, 800] Hz.  Also, SBs are assumed to be available from past, present and future TTI. 


Table 1: Simulation Assumptions
[image: image2.jpg]BLER

107

10"

10°

—— Perfect CE (Channel Estimation)
—©—- CE: Only SB2 from Present TTI
-7~ CE: Weighted Averaging SB1 and SB2 from Present TTI
—&— CE: Lin. Interpolation SB1 and SB2 from Present TTI
—&— CE: Corr. Based Wiener Filt. Past, Prs. and Fut. TTI

-8~ CE: Corr. Based Matched Filt. Past, Prs. and Fut. TTI

1 I I I L 1

3 2 A 0 1 2
SNR [dB]





Figure 2: BLER results for Localized Data, Localized SB1, and Localized SB2. UE speed = 3kmh.
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Figure 3: BLER results for Localized Data, Distributed SB1, and Localized SB2. UE speed = 3kmh. 
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Figure 4: BLER results for Localized Data, Localized SB1, and Localized SB2. UE speed = 120kmh  
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Figure 5: BLER results for Localized Data, Distributed SB1, and Localized SB2.  UE speed = 120kmh.
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Figure 6: BLER results for Localized Data, Localized SB1, and Localized SB2. UE speed = 360kmh.
[image: image6.jpg]BLER

10°

—— Perfect CE (Channel Estimation)
—©— CE: Only SB2 from Present TTI
-7~ CE: Weighted Averaging SB1 and SB2 from Present TTI
—&— CE: Lin. Interpolation SB1 and SB2 from Present TTI
—&— CE: Corr. Based Wiener Filt. Past, Prs. and Fut. TTI

-~ CE: Corr. Based Matched Filt. Past, Prs. and Fut. TTI

I 1 [ { { [

3 2 - 0 1 2
SNR [dB]





Figure 7: BLER results for Localized Data, Distributed SB1, and Localized SB2. UE speed = 360kmh.
2.1) 
Discussion for low speeds, represented by 3kmh
At low speeds, localized data transmission, localized SB2, and availability of previous and future TTIs at the receiver, it makes minor difference (<0.2dB) whether SB1 is localized or distributed. This conclusion, which was also stated in [1], can be reached from the comparison of Figures 2 and 3. Furthermore, when past and future TTIs are unavailable at the receiver, the use of distributed SB1 incurs approximately 0.4dB loss. Furthermore, the use of SB1 in channel estimation gives marginal gain, approximately 0.2dB gain over the channel estimator which uses only SB2. 

2.2) 
Discussion for intermediate speeds, represented by 120kmh
For intermediate UE speeds, localized data transmission, and localized SB2, the use of distributed SB1 incurs about 1.5dB performance loss when compared to the case of localized SB1. This conclusion can be reached by comparing Figures 4 and 5, and it holds true irrespective of whether the previous and future TTI’s are available at the receiver. In contrast to low UE speeds, the use of SB1 in channel estimation becomes crucial, because sole use of SB2 is insufficient in coping with fast channel variations. 

2.3
Discussion for high speeds, represented by 360kmh
For high UE speeds, localized data transmission, and localized SB2, the use of distributed SB1 incurs about 1.5dB performance loss when compared to the case of localized SB1. This conclusion can be reached by comparing Figures 6 and 7, and it holds true irrespective of whether the previous and future TTI’s are available at the receiver. In contrast to low UE speeds and similar to intermediate speeds, the use of SB1 in channel estimation becomes crucial, because sole use of SB2 is insufficient in coping with fast channel variations.   
3. Conclusion

We provide following answers to the two questions which are posed in the introduction. 
1) Under assumptions of localized data transmission and localized SB2, the BLER penalty incurred by migrating from localized SB1 to distributed SB1 is fairly independent from the availability of past and future TTIs at the receiver. For low UE speeds this penalty is 0.2-0.4dB, while for intermediate and high UE speeds this penalty is approximately 1.5dB.   

2) Under assumptions of low UE speeds, localized data transmission, and localized SB2, the use of distributed SB1 in channel estimation is marginal (approximately 0.2dB). For intermediate and high UE speeds, the use of SB1 becomes crucial for accurate channel estimation, even if SB1 is distributed.   
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