
3GPP TSG RAN WG1 Meeting #47bis                                              R1-070092
Sorrento, Italy, January 15 – 19, 2007
Source: 

NTT DoCoMo
Title:
Throughput Comparisons between SB and LB Reference Signals 

in E-UTRA Uplink

Agenda Item:

6.6.2
Document for:
Discussion and Decision
1. Introduction

In the SI specification, two short blocks (SBs) within one sub-frame duration are used for reference signal (RS) in SC-FDMA based E-UTRA uplink. At the RAN1#47 meeting, a new sub-frame structure was proposed in [1]. In this sub-frame structure, one long block (LB), which is located at the middle of a sub-frame, is used for the RS instead of two SBs. Through E-mail based discussion, a consensus was reached on the new sub-frame format. The merits using one LB for the RS are as follows.
· The sequence length of a CAZAC sequence, which is used as the RS sequence, can be longer than that in the SB.
· A simple sub-frame structure is designed since only LBs with the same block length are included. Thus, high commonality in the sub-frame structure between the downlink and uplink is achieved.

A concern related to the sub-frame structure containing one LB for the RS is that the tracking performance is degraded for fast channel variation in a high mobility environment. Therefore, this paper clarifies the link-level throughput performance using one LB for the RS per sub-frame compaired to the two SBs for the RS per sub-frame. The purpose of this contribution is only to clarify the performance loss using one LB for the RS per sub-frame, not to intend to prose the agreed new sub-frame structure. We support the agreed new sub-frame structure as well as other members.  
2. Simulation Configuration
Table 1 shows the simulation parameters assumed in the contribution. The parameters follow common simulation parameters. The Zadoff-Chu sequence is used as the RS sequence. The data modulation schemes are QPSK and 16QAM. Turbo coding is used with the channel coding rate of R = 1/2 and 3/4. 

The six-ray Typical Urban (TU) channel model is assumed with the fading maximum Doppler frequency of fD = 55.5, 111, 222, 370, and 648 Hz.  At the UE receiver, 2-branch antenna diversity reception is assumed associated with the LMMSE based frequency domain equalizer.
Table 1 – Simulation parameters
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Figures 1(a) and 1(b) illustrate the channel estimation method using two SBs for the RS per sub-frame duration without and with intra-TTI frequency hopping (FH), respectively. We employ a linear interpolation filter in the time domain. Figures 2(a) and 2(b) show the channel estimation method using one LB for the RS per sub-frame duration without and with intra-TTI FH, respectively. As shown in the figures, in the case without intra-TTI FH, the linear interpolation of two LBs within 1-msec TTI duration is applied whereas no interpolation filter is used in the case with intra-TTI FH. 
[image: image2.emf]Linear interpolation Linear interpolation


(a) Without intra-TTI frequency hopping
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Figure 1 – Channel estimation method using two SBs for RS per sub-frame
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Figure 2 – Channel estimation method using one LB for RS per sub-frame

3. Simulation Results
Figure 3 shows the throughput performance using SB RS and LB RS for the fading maximum Doppler frequency of fD = 55.5 Hz, which corresponds to the speed of 30 km/h at a 2-GHz carrier frequency.   Figures 3(a) and 3(b) assume without and with intra-TTI frequency hopping (FH). Figure 3(a) dose not indicate any difference in the throughput levels between the SB RS and LB RS without intra-TTI FH. Figure 3(b) also shows that there is a slight degradation when using the SB RS compared to when using the LB RS for 16QAM modulation with R = 3/4.  
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Figure 3 – Throughput performance (fD = 55.5 Hz)

Next, Figs. 4(a) and 4(b) show the throughput performance using SB RS and LB RS for fD = 111 Hz, which corresponds to the speed of 60 km/h, without and with intra-TTI FH, respectively. Based on the figures, we do not observe a distinct difference in the throughput levels between the SB RS and LB RS without and with FH. 
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Figure 4 – Throughput performance (fD = 111 Hz)

Figures 5(a) and 5(b) show the throughput performance using the SB RS and LB RS for fD = 222 Hz, which corresponds to the speed of 120 km/h, without and with intra-TTI FH, respectively. Figure 5(a) dose not indicate any distinct difference in the throughput levels between the SB RS and LB RS without FH. Meanwhile, we observe that the throughput levels using the LB RS are degraded compared to those with the SB RS for 16QAM modulation with intra-TTI FH due to the degraded channel estimation from the lack of interpolation. However, the degradation using the LB RS with intra-TTI FH does not become a problem since the throughput without intra-TTI FH is superior to that with intra-TTI FH.
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Figure 5 – Throughput performance (fD = 222 Hz)

Figures 6(a) and 6(b) show the throughput performance using the SB RS and LB RS for fD = 370 Hz, which corresponds to the speed of 200 km/h, without and with intra-TTI FH, respectively. Figure 6(a) shows a slight decrease in the throughput levels using the LB RS compared to those using the SB RS for 16QAM modulation without intra-TTI FH. Moreover, we observe in Fig. 6(b) a distinct degradation in the throughput using LB RS compared to that using the SB RS even in QPSK modulation with intra-TTI FH.  However, the influence of the throughput degradation using the LB RS is still small, since throughput without intra-TTI FH is superior to that with intra-TTI FH.
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Figure 6 – Throughput performance (fD = 370 Hz)
Finally, Figs. 7(a) and 7(b) show the throughput performance using the SB RS and LB RS for fD = 648 Hz, which corresponds to the speed of 350 km/h, without and with intra-TTI FH, respectively. Figure 7(a) shows that the throughput using the LB RS is significantly degraded compared to that using the SB RS for 16QAM modulation without intra-TTI FH. However, we consider that the selection probability for 16QAM modulation in AMC is low under such high mobility conditions. Furthermore, Fig. 7(a) shows that for QPSK modulation, the degradation in the throughput using the LB RS compared to that using the SB RS is approximately 5 and 10 % with the channel coding rate of R = 1/2 and 3/4, respectively.   
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Figure 7 – Throughput performance (fD = 648 Hz)

In conclusion, we showed that although the achievable throughput using the LB RS is degraded compared to that using the SB RS particularly for 16QAM modulation under high mobility conditions, the influence is not large considering the selection probability of 16QAM modulation in such high mobility environments. 
4. Conclusion

Following the agreement on a new sub-frame structure in the uplink, we compared the throughput performance using two SBs for the RS per sub-frame and one LB for the RS per sub-frame focusing on high mobility environments. The simulation results showed that although the achievable throughput using the LB RS is degraded compared to that using the SB RS particularly for 16QAM modulation under high mobility conditions, the influence is not large considering the selection probability of 16QAM modulation in such high mobility environments. 

References

[1] 3GPP, R1-063128, Ericsson, “Uplink reference signals.”







































































































































































































































- 5/6 -

