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1. Introduction

The current Rel-5 specifications explicitly allow the combination of open loop TxDiversity and S-CPICH as a phase reference for DL physical channels (DPCH and its associated shared channels). However, as a result from Rel99 discussions on possible phase references some years ago, the combination of closed loop TxDiversity and S-CPICH as a phase reference for the same channels had been removed. [1] currently specifies that “the Primary CPICH is always a phase reference for a downlink physical channel using closed loop TX diversity”.

This paper briefly discusses benefits and UE impact of a combination of closed loop TxDiversity and S-CPICH. Simulation results, showing the gain of this combination compared to other already possible configurations, are also included. As a conclusion it is proposed to re-introduce  this combination in release 6.

2. Discussion

The secondary pilot S-CPICH is used to support adaptive antenna techniques in UTRA FDD, usually called beamforming. The main advantage compared to dedicated pilots is that it may serve several UEs, hence sharing the additional transmit power between these UEs and allowing a more robust phase reference. The algorithms for setting the antenna weight factors are NodeB specific and left to implementation.

Closed loop TxDiversity is another adaptive antenna method, currently (i.e. Rel-5) allowing the adaptation of the weights factors for two antennas based on explicit feedback from the UE. Although the meaning of the feedback commands is specified and example algorithms are given in an informative annex it is left to the UE’s (or UE manufacturer’s) discretion to achieve the maximum benefit from the tools that are provided by the standard. 

It may be doubted whether a combination of closed loop TxDiversity (based on algorithms in the UE) and adaptive beamforming (based on algorithms in the NodeB) is a sensible way to exploit the benefits from both of these independent adaption techniques. At least, as a combination of these techniqes had not been investigated before, it was once decided to remove this combination from the allowed set of TxDiversity/phase reference combinations, see report from TSG RAN plenary meeting #11 [2].

However, UTRAN may also benefit from the beamforming gain without adapting the antenna weights regularly to the DL transmit channels of the served UEs. Using such a fixed grid of beams, NodeB Tx power needs not be wasted for beams that do not serve any UE and will be radiated in the beams of interest only. In this “fixed beamforming” scenario, the antenna weights will not be changed by the NodeB, so that the closed loop TxDiverisity weight calculation in the UE would not be disturbed by the weight adaptation in the NodeB.

As the standard just provides tools and it is up to the UTRAN to make best possible use of these tools, there is always the possibility to configure things in an inappropriate manner. As such, it is reasonable to restrict the number of options in the early releases. However, not allowing the combination of closed loop TxDiversity and S-CPICH based beamforming in later releases would prevent operators from exploiting possible capacity gains of this combination in their evolving networks and in those scenarios, where closed loop TxDiversity outperforms open loop TxDiversity. 

With respect to UE implementation, we do not see any increase in UE base band processing complexity, as the support for TxDiversity and S-CPICH is mandatory already in release 99. Using the S-CPICH instead of P-CPICH while running the closed loop TxDiversity algorithms should not cause difficulties to the UE. The only additional feature that needs to be supported is allowing such a combination when being tasked so by higher layer signalling.

Assuming that the same transmit power as for a primary pilot P-CPICH would be used for the S-CPICH (reduced by the beamforming gain) the performance of the S-CPICH based channel estimation within a beam should be as good and robust as the P-CPICH based channel estimation within the complete cell. As such, similar benefits can be expected from using closed loop TxDiversity compared to open loop TxDiversity within a beam. In the following section simulation results are given that support this thesis.

3. Simulation Results

Four different setups have been simulated to demonstrate the gain of the proposed method (all simulation parameters and assumptions are detailed in the annex below):

1. closed loop TX diversity with one +/-45° slanted cross-polarized antenna (the two polarizations used as diversity branches); see Figure 1.

2. open loop TX diversity with one +/-45° slanted cross-polarized antenna (the two polarizations used as diversity branches), see Figure 2.

3. closed loop TX diversity combined with grid of beams (GOB, fixed beamforming) using an antenna array with four columns of +/-45° slanted cross-polarized antennas (the two orthogonally polarized subarrays used as diversity branches); see Figure 3.

4. open loop TX diversity combined with grid of beams (GOB, fixed beamforming) using an antenna array with four columns of +/-45° slanted cross-polarized antennas (the two orthogonally polarized subarrays used as diversity branches); see Figure 4.


[image: image1.wmf] 

Spread/scramble

 

w

 

1

 

w

 

2

 

D

 

P

 

CH

 

DPCCH

 

DPDCH

 

 å

 

CPICH

 

1

 

 å

 

CPICH

 

2

 

Ant

 

1

 

Ant

 

2

 

Weight Generation 

 

w

 

1

 

w

 

2

 

Determine FBI message

 

from Uplink DPCCH

 


Figure 1: Transmission model for closed loop TX diversity 
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Figure 2: Transmission model  for open loop TX diversity 
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Figure 3: Transmission model for closed loop TX diversity combined with GOB beamforming
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Figure 4: Transmission model for open loop TX diversity combined with GOB beamforming
In Figure 3 and Figure 4  S-CPICH1 and S-CPICH2 are beam specific secondary pilot channel signals. 

For all four cases the bit error rate (after decoding) and the block error rate (after CRC detection) have been determined depending on the ratio PDPCH / PIoc  in dB. This ratio is denoted by CTx/N in the figures.

Figure 5 and Figure 6 show the block error rate and  bit error rate vs. CTx/N for all four cases.

Comparing case 1 with case 3 and case 2 with case 4, respectively, we can achieve a beamforming  gain by the GOB method of around 5.5 dB which is close to the theoretical limit of around 6dB.

Furthermore, comparing case 1 with case 2 and case 3 with case 4, respectively, we see that closed loop mode 1 achieves a performance gain of around 1.5 dB compared to the open loop method, even when both are combined with the GOB beamforming method. These results support our proposal to allow the combination of channel estimation based on S-CPICH (which is required for the GOB method) and closed loop transmit diversity. 
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Figure 5: Block error rate vs. CTx/N for all four transmission schemes
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Figure 6: Bit error rate vs. CTx/N for all four transmission schemes

4. Conclusion and Proposal

In this contribution some aspects wrt the combination of S-CPICH based beamforming and closed loop TxDiversity are discussed. This combination is currently not allowed by the release 5 specifications. It is concluded that

· UE implementaion would only marginally be affected and UE base band processing complexity is not increased,

· there exist scenarios where such a combination would yield considerable benefits in terms of cell capacity, and

· operators should be enabled to exploit these capacity gains in their evolving networks. 

Concerning standardization only a minor change would be needed in [1]. Changes in the RRC or Iub/Iur signalling are not necessary as the configuration of phase references for particular radio links is independent of the configuration of the TxDiversity mode.

Therefore, it is proposed to allow the combination of S-CPICH based beamforming and closed loop TxDiversity as a possible small technical enhancement within the TEI-6 work item, i.e. from release 6 onwards. A corresponding draft CR for [1] can be found in an accompanying paper [3] .
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Annex

This annex detailes the assumptions and parameter settings for the simulations described in chapter 4:

The investigated downlink DPCH service combination is an interactive or background  64kbps PS RAB combined with a 3.4 kbps SRB for DCCH as described in TS34.108 V3.7.1 chapter 6.10.2.4.1.25.2.

The performance requirement is a maximum Block Error Rate (BLER ) of 0.1.

In case of TX diversity alone (open and closed loop) a cross-polarized antenna has been assumed where both polarizations are used for the transmission of the diversity signals. In case of TX diversity (open and closed loop) combined with GOB beamforming an antenna array with 4 (/2 spaced columns is used, each column consisting of cross-polarized antennas.  The inclination of the polarized antennas is +/-45° to the vertical in all cases. 
The channel model used is based on the so called ‘sqrt-R’-model as described in R1-00-1067. The angular spread  has an rms value of 2° and is Laplacian distributed, which is a typical value measured in an urban environment.
The cross-polarization discrimination (XPD) between horizontal and vertical polarizations of the incident electrical field at the UE is 6dB, which is again a typical value found in urban environments.

The power delay profile is according to the indoor to outdoor / pedestrian B model and defined by the parameters given below. This power delay profile is assumed to be the same for each path from any transmit antenna to the UE receive antenna.

Tap delays in ns are: 0, 200, 800, 1200, 2300, 3700

Tap powers in dB are: 0, -0.9, -4.9, -8.0, -7.8, -23.9

The mobile velocity is 3km/h.

For the beam direction of the GOB method a uniform angular spacing has been assumed within a +/-60° sector, i.e. the main beam directions have been assumed to be –45°, -15°, +15° and +45°. The direction of the UE as seen from the base station is 10° from the direction perpendicular to the antenna array orientation.

The average transmit power of the CPICH relative to the average transmit power dedicated to all DPCH channels is 1/8, i.e. 80% of the total NodeB transmit power is used for the transmission of DPCH channels, 10% is used for the transmission of the CPICH.

At the receiver the following parameters for the receive algorithms have been used:

Channel estimation is based on P-CPICH1/2 in the case of TX diversity modes, and based on S-CPICH1/2 which is transmitted on both polarizations within the relevant beam in case of the combination of TX-Diversity and GOB. A averaging of the measured channel impulse responses over 7 consecutive slots with the help of a sliding window filter has been used. For the feedback channel a feedback error rate of 4% has been taken during the simulation. 

The following idealization have been used so far in the simulations:

Antenna weight verification is ideal. Acquisition and tracking is ideal, SNR estimation for the power control is ideal and no quantization for the step size in the power control algorithm has been assumed. These idealizations should not have too much influence on the conclusions given above.
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