3GPP TSG RAN WG1 Ad Hoc











R1-050630
Sofia Antipolis, France, June 20-21, 2005
Agenda Item:
4.1 Technical solutions
Source:
Huawei

Title:
Motivation for localized and distributed physical subchannels in EUTRA


 – Link Level Simulations
Document for:
Discussion
1 Introduction

In the latest LTE meeting (RAN1 #41), frequency selective scheduling is widely supported to be employed in the downlink EUTRA. But there is no specific contribution discussing the effect of different scheduling bandwidth on the link performance. Here, “scheduling bandwidth” (SB) refers to the minimum channel quality indication (CQI) report unit. A channel can occupy part of a SB, a full SB, or more than one SB. A larger SB means less CQI overhead. To fulfil the performance study, a single-cell downlink OFDM link level simulation is defined, with a fixed modulation and code rate. The block error rate (BLER) versus Eb/No with different SB is compared. It will further be examined whether frequency hopping inside SB will be helpful in increasing the minimum CQI report unit, thus reducing the CQI overhead. 
2 Simulation Setup
The common parameter for link simulation is shown in Table 2 in Appendix A, which is based on the reference [1].  In the future work, these parameters will be changed according to LTE’s preference. 
The following standard multi-path propagation conditions were employed in the simulation. 
Table 1 Propagation Conditions for Multi-Path Fading Environments
	ITU Pedestrian A

Speed 3, 30km/h

(PA3, PA30)
	ITU vehicular A

Speed 3, 30, 120km/h

(VA3, VA30, VA120)
	Typical Urban

Speed 3km/h

(TU3)

	Relative Delay

 [ns]
	Relative Mean Power 

[dB]
	Relative Delay 

[ns]
	Relative

 Mean Power 

[dB]
	Relative Delay 

[ns]
	Relative 

Mean Power

 [dB]

	0
	0
	0
	0
	0
	‑3.0

	110
	-9.7
	310
	-1.0
	200
	0.0

	190
	-19.2
	710
	-9.0
	500
	‑2.0

	410
	-22.8
	1090
	-10.0
	1600
	‑6.0

	
	
	1730
	-15.0
	2300
	‑8.0

	
	
	2510
	-20.0
	5000
	‑10.0


For frequency scheduling and hopping, the frequency selectivity is the most important character of channels. TU is the most frequency selective one, while PA is the least one. VA is similar to TU, with less frequency selectivity. 

2.1  Frequency and Time Granularity
A larger scheduling bandwidth means smaller feedback overhead. Therefore, several SB shall be tested under various propagation conditions. In this document, the following SB’s are compared: 32 subcarriers, 128 subcarriers and 512 subcarriers, which correspond to bandwidths 204 kHz, 816 kHz and 3264 kHz respectively. For SB 512 subcarriers, there is no need for any scheduling since there are only 512 subcarriers used in current simulation settings. The only user will always occupy 32 subcarriers. The channel quality is obtained by averaging the power of subcarrier channel gains inside the SB. 

With realistic channel estimation, the performance of scheduling would have been degraded. Furthermore, since the only user can used any chunk of subcarriers, it can achieve a larger scheduling gain than multi-user scheduling, since there are no scheduling collisions. Hence the results here are somewhat optimistic. 
Since the scheduling gain is our study object, no pilot and signalling bit will be included. HARQ is also not used. Therefore, the coded bit number on each subcarrier in one TTI is simply
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 bps, where M is the bits per symbol. When QPSK is used, the 32-subcarrier user’s coded bit number per TTI is 2*12*32=768 bit, and the coded bit rate 6000*2*32=384 kbps. According to the coding scheme we adopted, the information bit rate for the 32-subcarrier user is 
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kbps. When there is a non-zero block error rate, the effective throughput for the user will be lower than that. 

The previous TTI’s channel status is averaged over the scheduling bandwidth for current TTI’s scheduling. 
For the 3 kinds of SB defined above, frequency hopping patterns shall be defined for SB 128/512 subcarriers. Since the user occupies 32 subcarriers, there is no FH for SB 32 subcarriers. For simplicity, regular hopping pattern may be employed. For example, the 512 useful subcarriers can be divided into 16 32-subcarrier sub-bands. If the SB is 128 subcarriers, there are 4 SB, and each SB contains 4 sub-bands.
3 Simulation Results for Frequency Scheduling 

In the following figures’ legends, “HopXSbY” represents the hopping patterns and scheduling bandwidth. Hop0 and Hop1 mean no hopping and staircase-like pattern. Y can be 32/128/512 subcarriers. 

3.1  PA Propagation Conditions
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Figure 2 Frequency scheduling in PA3

For channel with little frequency selective fading, such as PA, smaller scheduling bandwidth can continuously improve performance, although the gain decrease at a smaller SB. For example, at 10% BLER, the gain is 3.5dB when SB is changed from 512 subcarriers to 128 subcarriers, and the gain is reduced to 1.0dB when SB is changed from 128 subcarriers to 32 subcarriers. Frequency hopping cannot improve performance obviously, but it also doesn’t degrade performance. 


[image: image5.emf]Frequency Scheduling in PA30

0.001

0.010

0.100

1.000

6 7 8 9 10 11 12 13 14

Eb/N0  (dB)

BLER

Hop0Sb512

Hop1Sb512

Hop0Sb128

Hop1Sb128

Hop0Sb32


Figure 3 Frequency scheduling in PA30

When user speed increases to 30km/h, performance gain from frequency scheduling is reduced significantly. FH doesn’t impact the performance a lot in such an almost frequency flat fading environment. 

3.2 VA Propagation Condition


[image: image6.emf]Frequency Scheduling in VA3

0.001

0.010

0.100

1.000

6 7 8 9 10 11 12 13 14

Eb/N0  (dB)

BLER

Hop0Sb512

Hop1Sb512

Hop0Sb128

Hop1Sb128

Hop0Sb32


Figure 4 Frequency scheduling in VA3
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Figure 5 Frequency scheduling in VA30
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Figure 6 Frequency scheduling in VA120

For channel with severe frequency selectivity, such as VA, smaller SB can drastically improve performance at low speed. When a smaller SB is not available, FH can help to reduce performance loss. The beneficial effect of FH becomes more obvious when the user’s speed becomes higher, where channel status changes much quickly from TTI to TTI. For VA120, FH is even more important than scheduling. With a shorter TTI, such as 0.667 ms, channel status information can be updated more often. 

3.3 TU Propagation Condition
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Figure 7 Frequency scheduling in TU3

The TU channel is the most frequency selective one among PA, VA and TU. Therefore, the results for TU3 can amplify the effect from frequency scheduling and FH further compared with VA3.
4 Conclusion

This contribution shows the significant performance gains from frequency scheduling in a frequency selective channel for a fixed coding and modulation scheme. If a fine frequency scheduling granularity is not available, frequency hopping inside the scheduling bandwidth will be very beneficial. In high speed UE scenarios, FH is even more important than scheduling. 
In a less frequency selective channel, frequency scheduling still can provide some performance gain, while FH doesn’t show any detrimental effects. 

In summary, FH can complement scheduling for certain scenarios, such as high moving speed and when modulation and coding cannot be adapted, such as broadcast and common channels. 
5 Appendix A

Table 2 Link level simulation parameters

	Parameters
	Values

	TTI duration 
	2 ms

	FFT size
	1024

	OFDM sampling rate
	6.528MHz

	Guard time interval (CP)
	64 samplings (9.803us)

	Subcarrier separation
	6.375 KHz

	Number of OFDM symbols per TTI
	12

	Total OFDM symbol duration
	166.67 us

	Number of useful subcarrier per OFDM symbol
	512

	Useful subcarrier Index range
	-256~ 255

	Unused subcarrier num – up end
	256

	Unused subcarrier num – low end
	256

	Whether DC subcarrier transmit data
	Yes

	OFDM bandwidth
	3.264 MHz

	Transport block size
	360

	CRC length
	24

	Turbo Coding rate
	1/2

	Coded transport block size
	768

	Interleaver size for coded block
	32*24

	Modulation
	QPSK

	Number of turbo decoding iterations
	8

	Percent of TF resource/power for pilot
	0/0

	Percent of TF resource/power for signalling 
	0/0

	Percent of TF resource/power to for traffic
	100/100

	Synchronization
	Perfect

	Channel estimation (CE)
	Perfect

	Simulation Exit Mask
	1000 error blocks or 20,000 blocks

	H-ARQ
	Not used


6 References
[1] 3GPP, TR 25.892 v6.0.0, Feasibility study for OFDM for UTRAN enhancement, June 2004
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