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Introduction

In this contribution, we provide a link analysis of the NodeB demodulation impact due to Beamforming, assuming practical channel estimation and practical time tracking of static rake fingers. This analysis complements the analysis of the impact due to Beamforming assuming dynamic searcher and dynamic rake finger assignment as discussed in [3].
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Simulation Assumptions 

A set of simulation assumptions was agreed in RAN WG1 [2] for both OL switched antenna transmit diversity as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown are given in Table 1. The antenna correlation and imbalance have been modelled in accordance with Section 5 in [2]. The simulation assumptions can also be found in Section 5.1 in [1].
Table 1: Open Loop Transmit Diversity – Beamforming Link Simulation Assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 3 slot filtering

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	PA3

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Additionally, the time tracking loop (TTL) is enabled in this simulation. The initial finger offsets are set to be in accordance with the channel delay profile. However, the fingers locations change over the duration of the simulation according to the TTL. Table 2 shows the channel delay profile and the initial finger assignments for the PA3 channel. The number of fingers assigned corresponds to the output of a practical searcher operating on a PA3 channel as seen in [3].
Table 2: Channel delay profile and Finger Assignment – ITU Ped A 3 km/hr
	Delay 

[ns]
	0
	110
	190
	410

	Delay 

[Tc/8]
	0
	3
	6
	13

	Initial TTL finger assignment 

[Tc/8]
	0
	Not Assigned
	Not Assigned
	Not Assigned


3

Analysis of NodeB Receiver Impact 

A practical beamforming algorithm was used in the simulation. The algorithm is defined in [1] in Section 4.3.2 where it is referred to as the Practical BFTD Algorithm 2. The symmetric phase implementation was used in the simulation with phase offset, 
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= 48 degrees and 
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= 12 degrees. The antenna imbalance is set to 0dB and the transmit antenna correlation is 0. The Pedestrian A channel is used in the simulation.
Table 2 shows the Rx Ecp/No and Tx Ecp/No gains for beamforming transmit diversity over the baseline (no TD). 
Table 2: Beamforming Transmit Diversity Gains; Practical Algorithm 2 with symmetric phase implementation

	
	Rx Ecp/No [dB]
	Tx Ecp/No [dB]

	
	No TD
	BFTD
	Gain [dB]
	No TD
	BFTD
	Gain [dB]

	PA3
	-18.88
	-18.81
	-0.07
	-18.7
	-20.75
	2.05


It can be seen from Table 2 that there is a small NodeB receiver loss. Table 3 shows the average set point comparisons for the baseline and the practical algorithm. The average set point is computed over the duration of the simulation.
Table 3: Set point comparison between the Baseline and the Practical Beamforming Algorithm 2
	
	Baseline (No TD)
	Genie SATD
	Gain [dB]

	Average Set point [dB]
	-18.44
	-18.18
	-0.26


It can be seen from Table 2 that there is a difference of ~0.25dB in the set point between the beamforming and baseline. Since the inner loop power control attempts to maintain the Rx Ec/No at the level of the set point, an increase in the set point would result in an increase in the Rx Ec/No at the receiver. In the following we investigate the source of this difference.
Figures 1 and 2 show the CDF of the set point and the estimated Rx Ec/No at the receiver for both beamforming transmit diversity and the baseline. 
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Figure 1: CDF of the Set point for practical Beamforming transmit diversity and the baseline (no TD).
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Figure 2: CDF of the estimated Rx Ec/No for practical Beamforming transmit diversity and the baseline (no TD).
The set points vary over the duration of the simulation so as to track channel variations (PA3 channel in this case) in order to maintain the residual BLER of 1% after 4 transmissions. In Figure 1, we note that the set point for beamforming is consistently higher than the baseline case for the duration of the simulation. The estimated Rx Ecp/No at the receiver is therefore also slightly higher for beamforming transmit diversity as seen in Figure 2.
From the above tables and figures, we see that beamforming transmit diversity requires a higher set point in order to achieve a target residual BLER of 1% after 4 transmissions. The cause of this increase is further explored by comparing the normalized mean square channel estimation error in both beamforming and the baseline.
The Normalized Mean Square channel estimation Error (NMSE) is defined as 
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Rx antenna. There are two receive antennas in the simulation and so, 
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is the actual channel at the input to Rx antenna 
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The channel estimate is a 4-slot non-causal channel estimate with weights [0.4 0.3 0.2 0.1]. Note that the effective averaging length is 3 slots.

The channel model used in the simulation is the modified Pedestrian A channel. Therefore, a component of the channel power (FURP) is not recovered at the receiver but is a component of the actual channel. When beamforming is applied at the UE, the actual channel and the estimated channel correspond to the composite channel after the application of the beamforming weights. 
Figures 3 and 4 show the variation of the NMSE of the channel estimate for beamforming and the baseline for Rx antennas 1 and 2. 
[image: image11.emf]-36 -34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12

-8

-6

-4

-2

0

2

4

6

8

10

12

E

cp

/N

o

 (dB)

Normalized Mean Square Channel Estimation Error [dB]

 

 

Beamforming

Baseline


Figure 3: Comparison of the Normalized Mean Square Error in channel estimate for beamforming and baseline; Rx Ant 1
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Figure 4: Comparison of the Normalized Mean Square Error in channel estimate for beamforming and baseline; Rx Ant 2
It can be seen from Figures 3 and 4 that, as expected, the channel estimation quality improves as the Ecp/No at the receiver increases. However, it is also seen that the NMSE in channel estimate is worse than the baseline for the range of Ecp/No values. This is due to the induced fluctuations in the channel on a per slot basis by the beamforming algorithm. Since the channel fluctuates every slot due to the beamforming weights, the application of a multiple-slot non-causal channel estimation algorithm would cause deterioration in the channel estimate. Consequently, a higher Rx Ec/No would be required in order to maintain the same channel estimation quality needed to maintain a residual BLER of 1%. This would therefore cause the increase in the average set point as seen above in Figure 1. 
Based on the above analysis, we can conclude that the increase in the Rx Ec/No is due to an increase in the set point at the NodeB. This increase is in turn caused by a reduction in the channel estimation quality due to variation in channel conditions induced by the beamforming weights. (See Section 4.3.2 in [1] for the variation in the phase applied due to the beamforming algorithm). However, it is considered that the increase in the Rx Ec/No is not significant enough to cause deleterious effects at the NodeB. 
3 
Conclusions

In this contribution, the impact of BFTD on the NodeB receiver assuming practical channel estimation and practical time tracking of the rake fingers was examined for the ITU PA3 channel by analyzing the distributions of the set point, estimated Rx Ec/No and the Normalized Mean Square Error in the channel estimate. For the time tracking loop implementation, the initial finger offsets are set to be in accordance with the channel delay profile. However, the fingers locations change over the duration of the simulation according to the TTL. The number of fingers assigned corresponds to the output of a practical searcher operating on a PA3 channel as seen in [3].
The results for an operating point of target 1% BLER after 4 H-ARQ transmissions showed that the set point for beamforming was higher than the case without any transmit diversity. This results in an increase in the Rx Ec/No at the NodeB. The increased set point is due to a reduction in the practical channel estimation quality due to the introduction of variations in the channel as a result of the application of beamforming weights to the UE transmit antennas. 

However, it is considered that the increase in the Rx Ec/No is marginal and would not cause any significant effects to system operation.
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