3GPP TSG RAN WG1 #48
                                               
                                   R1-070908
St. Louis, USA
February, 12 – 16, 2007
________________________________________________________________________________
Agenda item: 6.6.1
Source: LG Electronics
Title: Further investigation of DL reference signal structure for frequency hopping/shift on control channel 
Document for: Discussion and decision
________________________________________________________________________________
1. Introduction
In the RAN1 #46bis meeting in Seoul, the DL RS structure for 4-Tx antenna MIMO as shown in figure 1 is agreed as working assumption [2]. In addition, it was agreed that the DL RS structure should be used between no hop/shift and hop/shift (with power boosting) in last RAN1 #47bis meeting in Sorrento. In these agreements, we think that only one DL RS structure for 4-Tx antenna should be selected both for no hop/shift and hop/shift (with power boosting) situations considering pilot structure and channelization complexity on each mode. However working assumption doesn’t provide a room for hop/shift in the RS OFDM symbols. Alternative  structure [3] in figure 2 which is actually a minor change version of working assumption can support the DL RS hop/shift and is expected to provide better decoding performance for control channel at very high UE speed.
Therefore, we evaluate and compare the control channel link performance of the working assumption and the alternative structure for single-cell using no hop/shift and multi-cell using hop/shift situation.
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Figure 1. Downlink reference signal structure for 4-Tx [Working assumption: R1-062993]

[image: image2]
Figure 2. Downlink reference signal structure for 4-Tx [Alternative structure: R1-070147]

2. RS Power boosting
Using RS frequency hopping, an RS power boosting of more than 3 dB, such as 6dB, is needed in order to get an RS CIR benefit [4]. Figure 3 (a) shows an example 0dB boosting case (The ratio of total transmit pilot power to total transmit power of control/data channel is 1 to 1 in each sub-carrier). In other words, the pilot power is 6dB higher than the power of the control/data channel per each antenna. An alternative scheme using 3dB RS boosting is to “steal” power from the adjacent data sub-carriers as shown in Figure 3 (b). The total power is kept as same as that of 0dB power boosting but the BLER performance of the data block on RS symbol (likely control data on 1st OFDM symbol) may be sacrificed.
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       (a) 0dB RS boost


(b) 3dB RS boost & reduction of data power
	RS structures
	Pilot power : Control/data power

	
	0dB RS boost
	3dB RS boost

	Working assumption [R1-062993]
	1 : 1
	6/5 : 3/5

	Alternative structure [R1-070147]
	1 : 1
	6/4 : 3/4


Figure 3. RS power boosting schemes
3. Simulation Result

In this section, BLER performance of the channel estimation using the reference signal in 4-Tx antenna MIMO-mode on control channel will be shown. The simulation assumption is as follows
3.1. Simulation Assumption
Table 1. Basic simulation assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	TTI length
	1.0 ms

	Resource block size
	Working assumption [R1-062993]: 4 subcarriers * 22 RB = 88 subcarriers

Alternative structure [R1-070147]: 8 subcarriers * 11 RB = 88 subcarriers

	Information length
	50bits

	Channel Models
	Typical Urban (6-ray)

	Mobile Speed
	3 and 350 km/h

	Modulation schemes and 
channel coding rates
	QPSK (R=1/3)

	Power stealing factor
	0 and 3 dB

	Channel Code
	3GPP Convolutional code

	MIMO mode
	CDD

	Resource allocation 
	RB-level distributed mode

	Antenna configuration
	4x2

	Spatial correlation (Tx, Rx)
	(0%, 0%)

	MIMO receiver
	MMSE receiver

	Channel Estimation
	1-D linear interpolation using 1st OFDM symbol

	Channel Models
	Typical Urban (6-ray)


Table 2. System parameter assumption
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Inter site distance
	500 m

	Penetration loss
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Total Node-B TX power
	43dBm (5MHz)

	Distance between UE and cell
	50 ~ 300 meters

	AMC
	OFF

	HARQ
	OFF

	OFDM symbols per sub-frame
	14 (10)

	Other Cell interference
	All Node-B transmitters always on at full power

	Channel Scenario
	Macro Cell


3.2. Block Error Rate (BLER) Performance
In this section, the BLER performance of the channel estimation using one RS OFDM symbols in 4-Tx antenna MIMO-mode on control channel will be shown. In this simulation, the base-station use the 0 and 3dB RS boost & reduction of data power for control signal transmission. 
3.2.1. Single-cell using no hop/shift
We evaluate channel estimation performance on 1st and 3rd OFDM symbol of control channel in single-cell using no hop/shift. Figure 4 shows the BLER performance under Typical Urban channel at 3 km/h, and Figure 5 shows the BLER performance at 350 km/h.
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(a) 1st OFDM symbol



       (b) 3rd OFDM symbol
Figure 4. BLER performance on 1st & 3rd OFDM symbol of control channel at 3km/h 
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(a) 1st OFDM symbol



       (b) 3rd OFDM symbol

Figure 5. BLER performance on 1st & 3rd OFDM symbol of control channel at 350km/h 
From the results in Figure 4, we can see the channel estimation performance of both structures under Typical Urban channel 3km/h. At mobile speeds of 3km/h, both structures have similar performance with 0dB RS boost. However, the performance of working assumption is severely degraded due to high pilot overhead on 1st OFDM symbol using 3dB RS boost & reduction of data power as shown in the figure 4(a). And alternative structure outperforms working assumption on 3rd OFDM symbol since alternative structure can use higher boost power on 1st & 2nd OFDM symbol as shown in the figure 4(b).
Figure 5 shows the channel estimation performance of both structures under Typical Urban channel 350km/h. As shown in figure 5(a), working assumption slightly outperforms alternative structure on 1st OFDM symbol with 0dB RS boost since alternative structure has channel estimation error using 3rd and 4th transmit antenna on 2nd OFDM symbol in high mobility. However, the performance of working assumption is also severely degraded due to high pilot overhead on 1st OFDM symbol using 3dB RS boost & reduction of data. And alternative structure outperforms working assumption on 3rd OFDM symbol since alternative structure can use RS of 3rd and 4th transmit antenna a little closer to 3rd OFDM symbol and higher boost power on 1st & 2nd OFDM symbol as shown in the figure 5(b).
3.2.2. Multi-cell using hop/shift
We evaluate channel estimation performance on control channel in multi-cell using hop/shift [5]. Figure 6 shows the BLER performance under TU channel on 1st OFDM symbol at 3 km/h and 3rd OFDM symbol at 3 and 350 km/h. In this simulation, hop/shift with 0dB RS boost is used for working assumption and hop/shift with 3dB RS boost & reduction of data power is used for alternative structure.
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(a) 3km/h case, 1st OFDM symbol
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(b) 3km/h case, 3rd OFDM symbol                               (c) 350km/h case, 3rd OFDM symbol
Figure 6. BLER performance of channel estimation in multi-cell environment
Figure 6 shows the channel estimation performance of both structures under Typical Urban channel in multi-cell environment. As shown in the results in Figure 4 and 5, alternative structure shows performance gain on 3rd OFDM symbol at low mobile speed in case of 3km/h. In addition, working assumption has performance loss on 3rd OFDM symbol at 350km/h due to lower boost power.
4. Conclusions

In this contribution, we provided the link performance of control channel for the working assumption and alternative DL RS structure by employing 4x2 CDD scheme when considering DL RS power boosting, hop/shift, and UE speed. As shown in the performance results above, the alternative structure offers similar or better link performance than the current working assumption on control channel in each environment. Considering the complexity of RS structure and channelization between no hop/shift and hop/shift, only one DL RS structure for 4-Tx antenna which can provide no hop/shift and hop/shift should be selected. Then, it should be considered that current working assumption could be modified or changed into alternative structure.
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