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Introduction

We will demonstrate the use of dedicated pilots when extending the number of Tx-antennas as proposed in [1]. There were two key ideas in the proposal, namely

· Utilize only two common channels (P-CPiCH) for all “general measurements”,

· Separate extra channels by using dedicated pilots.

This arrangement has several advantages, e.g. minimal changes to specification, easy implementation, enough flexibility and easy future extensions. 

In this document an open loop Tx diversity scheme is used as a demonstrator of the performance of dedicated pilots. Consequently, we want to point out that also OL schemes would have important role when extending the number of Tx-antennas. The open loop diversity extension that has been used as an example in this document is from now one called 4-Tx-STTD. 

4-Tx-STTD OL diversity scheme 

4-Tx-STTD utilizes Alamouti’s space-time block code: encoding by 4-Tx-STTD means to transmit the first STTD diversity branch (
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) via the first and the phase rotated second antennas; analog for the second branch.  Phase hopping by using 8-level quantization gives the required performance, phases are picked from a short look-up-table (e.g. of length 8-60), keeping the same phases over 2-4 symbols. 

The general encoding scheme is presented in the following figure: 
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Figure 1. Encoding by 4-Tx-STTD.

Pseudo-antennas can be defined e.g. as 
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 if power balancing is required (
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 are physical antennas; of course realization of pseudo-antennas depends heavily on implementation of physical antennas). Decoding as with 2-Tx-STTD but using estimates of rotated channels 


[image: image8.wmf]î

í

ì

+

+

4

2

3

2

1

1

)

exp(

)

exp(

h

j

h

h

j

h

k

k

f

f





(1)

for the STTD branches, where 
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 is the channel estimation of the i’th physical antenna. Gain factors 
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 and 
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 are adjusted depending on channel estimation quality.

Two examples of extreme pilot realizations are (naturally combinations of the use of S-CPiCH with lower power and the use of dedicated pilots lead to performance between presented):

· Channels are estimated from common pilots (P or/and S-CPiCH) then 
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. Symmetric simulation results (i.e., equal power for P- and S-CPiCH) are presented in figures 3-4.

· If rel’99 backward compatibility reasons force us to avoid the use of S-CPiCH or it’s power is at remarkably low level then the scheme utilizing dedicated pilots for two additional channels can be applied (the first STTD branch transmitting non-transformed signal is devoted for the antennas that can be estimated from P-CPiCH) as showed in figures 5-6. 

This arrangement minimizes the effect of channel estimation errors and guarantees that 4-Tx-STTD always outperforms one antenna transmission (
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). The scheme is also well power balanced. Simulation results are shown in figures 3-9 (additional pilot power indicated by offset is taken into account in DPDCH Ec/Ior measurement).
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Figure 2. Using dedicated pilots for channel estimation of the second diversity branch.

Simulation Results 

Simulation parameters:

	Chip rate
	3.84 Mchip/s

	Channel symbol rate
	30 ksps 

	Info bit rate
	12.2, 43.8 and 88.9 kbit/s

	Power control
	Slot-by-slot (0.667 ms) with one slot delay

	Pc feedback error ratio
	4 %

	PC step size
	1 dB

	Channel estimation
	From CPiCH, 

Or the first diversity branch from P-CPiCH and the second from DPCCH pilots 

	Channel modeling
	1&2-tap Rayleigh for 3, 10, 40, 120 km/h 

	FEC
	1/3–rate CC for 12,2kbps and ½-rate CC for 43.8 kbps and 88.9 kbps

	G  
[image: image15.wmf]
	 6 dB

	Spreading factor in DPDCH
	128 for 12,2 kbps

64 for 43.8 kbps

32 for 88.9 kbps

	Spreading factor in DPCCH
	128 for 12,2 kbps

64 for 43.8 kbps

32 for 88.9 kbps

	Slot format 
	13 for sf=32, 12 for sf=64, 10 for sf=128 (25.211, version 3.5.0)

	Spreading factor in CPiCH
	256

	Total CPiCH power
	-10 dB

	Interleaver length /depth
	20 ms




2-tap Rayleigh channel model:

	delay [chip duration]
	relative power [dB]

	0
	0.0

	4
	-10.0 


For reference, in the sequel are presented also 4-Tx-STTD vs. 2-Tx-STTD results when using symmetric channel estimates and non-symmetric with ratios 3:2, 7:3 and 4:1. Ramark that these results are idealistic since we cannot decrease Rel’99 CPiCH power!
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Figure 3. 4-Tx-STTD  vs. 2-Tx-STTD for 1-tap Rayleigh channel and symmetric channel estimates.
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Figure 4. 4-Tx-STTD  vs. 2-Tx-STTD for 2-tap Rayleigh channel and symmetric channel estimates.
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Figure 5. 4-Tx-STTD at 3 km/h velocity with channel estimation from P-CPiCH and dedicated pilots with different power offsets (0 and 3 dB) for DPCCH pilots. No S-CPiCH used.
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Figure 6. 4-Tx-STTD at 40 km/h velocity with channel estimation from P-CPiCH and from dedicated pilots with different power offsets (0, 3 and 6 dB) for DPCCH pilots. No S-CPiCH used.


[image: image20.wmf]Rayleigh 1 tap, 43.8 kb/s (Ior/Ioc=6 db) 

1/2-rate CC, PC on

-20,0

-18,0

-16,0

-14,0

-12,0

0

20

40

Velocity (km/h)

Ec/Ior at BLER=1%

2-Tx-STTD PC

4-Tx-STTD PC

2-Tx-STTD

4-Tx-STTD


Figure 7. 4-Tx-STTD vs. 2-Tx-STTD with 1-tap Rayleigh channel, ½-rate CC and 43,8 kb/s info rate.
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Figure 8. 4-Tx-STTD with non-symmetric CPiCH power (1-tap Rayleigh channel and speech service).
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Figure 9. 4-Tx-STTD vs. 2-Tx-STTD with different info bit rates (1-tap Rayleigh channel, PC off)

Compatibility issues

Pilot backward (rel’99) compatibility problem can be avoided by utilizing e.g. dedicated pilots and suitable power offsets for two additional channels. There is no remarkable loss in performance compared to symmetric channel estimates (at least low and moderate velocities).

Conclusions

The use of both P-CpiCH and S-CPiCH in the case of 4-Tx-antennas implies that evidently the total power allocated to common pilots increases in Node B (e.g., in the case of P-CPiCH/S-CPiCH equals to 80:20, the total CPiCH power increases 25% compared to Rel’99/04!). This power increase should be taken into account when considering the use of S-CPiCH.

This document shows that reasonably good performance with 4 Tx antennas can be provided by the extension of dedicated pilots only. P-CPiCH is used for two channels (which also carry common measurement channels) and dedicated pilots for the extended two channels. Nokia thinks that this kind of pilot concept would be realistic for 4 Tx-antennas. However, much more validation of different Tx diversity schemes [2] is needed before the addition of the pilot concept to 3GPP specification could be considered.
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				Trombi performance with unequal CPiCH power allocation

				scheme		Ec/Ior		Ior/Ioc		BLER		B_traget		BER		RAW BER		SPEED		p-CPiCH dB		s-CPiCH dB		CPiCH power ratio

				Trombi		-23.44		6		9.98E-03		1.00E-02		2.91E-04		1.22E-01		3		-13.0		-13.0		5:5		Trombi		-23.44		6		9.98E-03		1.00E-02		2.91E-04		1.22E-01		3		-13.0		-13.0		5:5

				Trombi		-23.45		6		1.00E-02		1.00E-02		3.00E-04		1.24E-01		3		-12.2		-14.0		6:4		Trombi		-23.46		6		9.96E-03		1.00E-02		3.74E-04		1.20E-01		40		-13.0		-13.0		5:5

				Trombi		-23.15		6		1.00E-02		1.00E-02		2.98E-04		1.23E-01		3		-11.6		-15.2		7:3		Trombi		-23.57		6		9.88E-03		1.00E-02		3.89E-04		1.20E-01		120		-13.0		-13.0		5:5

				Trombi		-22.44		6		1.00E-02		1.00E-02		3.01E-04		1.20E-01		3		-11.0		-17.0		8:2

				Trombi		-23.46		6		9.96E-03		1.00E-02		3.74E-04		1.20E-01		40		-13.0		-13.0		5:5		Trombi		-23.45		6		1.00E-02		1.00E-02		3.00E-04		1.24E-01		3		-12.2		-14.0		6:4

				Trombi		-23.37		6		9.96E-03		1.00E-02		3.36E-04		1.20E-01		40		-12.2		-14.0		6:4		Trombi		-23.37		6		9.96E-03		1.00E-02		3.36E-04		1.20E-01		40		-12.2		-14.0		6:4

				Trombi		-23.09		6		9.96E-03		1.00E-02		3.46E-04		1.19E-01		40		-11.6		-15.2		7:3		Trombi		-23.52		6		9.84E-03		1.00E-02		3.90E-04		1.21E-01		120		-12.2		-14.0		6:4

				Trombi		-22.39		6		9.96E-03		1.00E-02		3.30E-04		1.18E-01		40		-11.0		-17.0		8:2

				Trombi		-23.57		6		9.88E-03		1.00E-02		3.89E-04		1.20E-01		120		-13.0		-13.0		5:5		Trombi		-23.15		6		1.00E-02		1.00E-02		2.98E-04		1.23E-01		3		-11.6		-15.2		7:3

				Trombi		-23.52		6		9.84E-03		1.00E-02		3.90E-04		1.21E-01		120		-12.2		-14.0		6:4		Trombi		-23.09		6		9.96E-03		1.00E-02		3.46E-04		1.19E-01		40		-11.6		-15.2		7:3

				Trombi		-23.19		6		9.88E-03		1.00E-02		3.49E-04		1.20E-01		120		-11.6		-15.2		7:3		Trombi		-23.19		6		9.88E-03		1.00E-02		3.49E-04		1.20E-01		120		-11.6		-15.2		7:3

				Trombi		-22.48		6		9.84E-03		1.00E-02		3.38E-04		1.18E-01		120		-11.0		-17.0		8:2

				Trombi		-21.0		6		1.94E-02		1.00E-02		3.01E-03		6.21E-02		3		-13.0		-13.0		5:5		Trombi		-22.44		6		1.00E-02		1.00E-02		3.01E-04		1.20E-01		3		-11.0		-17.0		8:2

				Trombi		-21.0		6		1.94E-02		1.00E-02		3.02E-03		6.44E-02		3		-12.2		-14.0		6:4		Trombi		-22.39		6		9.96E-03		1.00E-02		3.30E-04		1.18E-01		40		-11.0		-17.0		8:2

				Trombi		-21.0		6		2.45E-02		1.00E-02		3.73E-03		7.02E-02		3		-11.6		-15.2		7:3		Trombi		-22.48		6		9.84E-03		1.00E-02		3.38E-04		1.18E-01		120		-11.0		-17.0		8:2

				Trombi		-21.0		6				1.00E-02						3		-11.0		-17.0		8:2

				Trombi		-20.0		6				1.00E-02						3		-12.2		-14.0		6:4

				Trombi		-20.0		6				1.00E-02						3		-11.6		-15.2		7:3

				Trombi		-20.0		6				1.00E-02						3		-11.0		-17.0		8:2
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				Higher infobit-rates in Rayleigh 1-tap channel

				20 ms interleaving, 1/2-rate CC, PC off

				scheme		Ec/Ior		Ior/Ioc		BLER		B_traget		BER		RAW BER		SPEED		info-bit-rate

				2-STTD		-12.0		6		1.21E-02		1.00E-02		2.25E-03		9.04E-03		3		43.8 kbps

				2-STTD		-13.0		6		1.98E-02		1.00E-02		3.81E-03		1.29E-02		3		43.8 kbps

				2-STTD		-14.0		6		3.08E-02		1.00E-02		6.25E-03		1.81E-02		3		43.8 kbps

				Trombi-sym		-14.0		6		4.34E-03		1.00E-02		4.29E-04		2.12E-02		3		43.8 kbps

				Trombi-sym		-15.0		6		9.68E-03		1.00E-02		9.73E-04		2.83E-02		3		43.8 kbps

				2-STTD		-17.0		6		7.84E-03		1.00E-02		4.26E-04		4.61E-02		40		43.8 kbps

				2-STTD		-18.0		6		2.68E-02		1.00E-02		1.70E-03		6.00E-02		40		43.8 kbps

				Trombi-sym		-18.0		6		7.12E-03		1.00E-02		1.81E-04		6.23E-02		40		43.8 kbps

				Trombi-sym		-19.0		6		3.50E-02		1.00E-02		1.23E-03		7.86E-02		40		43.8 kbps

				Trombi-sym		-20.0		6		1.30E-01		1.00E-02		6.39E-03		9.72E-02		40		43.8 kbps

				2-STTD		-18.0		6		3.12E-03		1.00E-02		5.07E-05		6.09E-02		120		43.8 kbps

				2-STTD		-19.0		6		2.06E-02		1.00E-02		5.47E-04		7.74E-02		120		43.8 kbps

				Trombi-sym		-18.0		6		1.12E-03		1.00E-02		9.00E-06		6.27E-02		120		43.8 kbps

				Trombi-sym		-19.0		6		9.48E-03		1.00E-02		1.08E-04		7.89E-02		120		43.8 kbps

				scheme		Ec/Ior		Ior/Ioc		BLER		B_traget		BER		RAW BER		SPEED		info-bit-rate

				2-STTD		-16.79		6		1.00E-02		1.00E-02		2.10E-04		6.34E-02		3		43.8 kbps

				Trombi-sym		-18.53		6		9.98E-03		1.00E-02		9.12E-05		7.69E-02		3		43.8 kbps

				2-STTD		-17.68		6		1.00E-02		1.00E-02		2.02E-04		6.85E-02		40		43.8 kbps

				Trombi-sym		-18.45		6		9.98E-03		1.00E-02		1.05E-04		7.83E-02		40		43.8 kbps

				2-STTD		-8.0		6		8.34E-03		1.00E-02		1.32E-03		6.27E-03		3		88.8 kbps

				2-STTD		-10.0		6		2.20E-02		1.00E-02		3.83E-03		1.29E-02		3		88.8 kbps

				2-STTD		-11.0		6		3.55E-02		1.00E-02		6.30E-03		1.82E-02		3		88.8 kbps

				Trombi-sym		-11.0		6		5.84E-03		1.00E-02		4.13E-04		2.12E-02		3		88.8 kbps

				Trombi-sym		-12.0		6		1.34E-02		1.00E-02		9.83E-04		2.83E-02		3		88.8 kbps

				Trombi-sym		-13.0		6		2.84E-02		1.00E-02		2.40E-03		3.74E-02		3		88.8 kbps

				Trombi-sym		-14.0		6		5.64E-02		1.00E-02		5.45E-03		4.88E-02		3		88.8 kbps

				2-STTD		-13.0		6		3.16E-03		1.00E-02		9.87E-05		3.47E-02		40		88.8 kbps

				2-STTD		-14.0		6		1.24E-02		1.00E-02		4.58E-04		4.62E-02		40		88.8 kbps

				Trombi-sym		-14.0		6		2.36E-03		1.00E-02		1.71E-05		4.87E-02		40		88.8 kbps

				Trombi-sym		-15.0		6		1.26E-02		1.00E-02		1.68E-04		6.25E-02		40		88.8 kbps

				Trombi-sym		-16.0		6		5.74E-02		1.00E-02		1.21E-03		7.88E-02		40		88.8 kbps

				2-STTD		-15.0		6		5.96E-03		1.00E-02		5.43E-05		6.08E-02		120		88.8 kbps

				2-STTD		-16.0		6		3.44E-02		1.00E-02		5.64E-04		7.73E-02		120		88.8 kbps

				Trombi-sym		-15.0		6		1.80E-03		1.00E-02		7.66E-06		6.27E-02		120		88.8 kbps

				Trombi-sym		-16.0		6		1.74E-02		1.00E-02		1.12E-04		7.89E-02		120		88.8 kbps

				scheme		Ec/Ior		Ior/Ioc		BLER		B_traget		BER		RAW BER		SPEED		info-bit-rate

				Trombi-sym		-20.2						1.00E-02						3		12.2 kbps

				Trombi-sym		-23.3						1.00E-02						40		12.2 kbps

				Trombi-sym		-24.0						1.00E-02						120		12.2 kbps

				Trombi-sym		-15.0						1.00E-02						3		43.8 kbps

				Trombi-sym		-18.3						1.00E-02						40		43.8 kbps

				Trombi-sym		-19.0						1.00E-02						120		43.8 kbps

				Trombi-sym		-11.8						1.00E-02						3		88.9 kbps

				Trombi-sym		-14.9						1.00E-02						40		88.9 kbps

				Trombi-sym		-15.8						1.00E-02						120		88.9 kbps

				scheme		Ec/Ior		Ior/Ioc		BLER		B_traget		BER		RAW BER		SPEED		info-bit-rate

				2-STTD		-16.7						1.00E-02						3		12.2 kbps

				2-STTD		-22.3						1.00E-02						40		12.2 kbps

				2-STTD		-23.6						1.00E-02						120		12.2 kbps

				2-STTD		-11.8						1.00E-02						3		43.8 kbps

				2-STTD		-17.2						1.00E-02						40		43.8 kbps

				2-STTD		-18.6						1.00E-02						120		43.8 kbps

				2-STTD		-8.4						1.00E-02						3		88.9 kbps

				2-STTD		-13.9						1.00E-02						40		88.9 kbps

				2-STTD		-15.3						1.00E-02						120		88.9 kbps
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