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1.
Introduction

This contribution is a text proposal on RAN1 related study on UL Transmit Diversity on HSPA to TR25.863. The text proposal here is to describe a solution [1] to address a potential impact to PRACH Coverage due to Beamforming Transmit Diversity (BFTD).
2.
Text Proposal

*************************************** TEXT START ************************************
Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is intended to capture RAN1 and RAN4 findings produced in the context of the study item “Uplink Transmit Diversity for HSPA” [2]. The study is focussed on schemes that do not require any newly standardised dynamic feedback signalling between network and UE. The uplink transmit diversity schemes maybe categorized into two types of algorithms:

-
transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or 

-
simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)

The scope is understood to be limited to schemes which also do not require any semi-static mode configuration signalling for demodulation. The possibility of semi-static disabling of a transmit diversity scheme is not precluded.

The work under this study item aims at:

-
evaluating the potential benefits of the indicated UL Tx diversity techniques. 

-
investigating the impacts on the UE implementation.

-
investigating how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance.

-
investigating the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and 

-
analyzing how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understanding the impacts of any such new requirements
2
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Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

*************************************** TEXT END ************************************
*************************************** TEXT OMITTED ************************************
*************************************** TEXT START ************************************
4
Description of Uplink Transmit Diversity Algorithms

4.1
Theoretical Analysis of Uplink Transmit Diversity

A theoretical gain analysis of both genie open loop switched antenna and beamforming algorithms in the single path independent and identically distributed (i.i.d.) Rayleigh fading channel (no antenna imbalance) under some ideal assumptions is presented below. The gains computed here serve as a reference for the design of practical transmit diversity schemes. 

4.1.1
No Transmit Diversity
For the baseline system of one transmit antenna and dual receive antennas, under the assumption of perfect inner loop power control to achieve combined receive power target P (the ideal assumptions include: no delay, no feedback error, and  no quantization), the channel is instantaneously inverted by the power control. The average required transmit power is
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where 

· [image: image3.png]i



 indicates the channel between receive antenna [image: image5.png]


 and transmit antenna [image: image7.png]


, 

· [image: image9.png]E[Z]



 represents the expectation of random variable [image: image11.png]


. 

· The channels [image: image12.png]i



 have an i.i.d. distribution of complex Gaussian with zero mean and variance 0.5 per complex dimension. 

· The distribution of the random variable [image: image14.png]|hyq]% + Ry [P



, that was used in evaluating the above integral can be found on page 62 of [3].
4.1.2
Switched Antenna Transmit Diversity

Assume that ideal channel state information is available at the UE. Then the instantaneously best transmit antenna which has the larger channel gain will be chosen for the transmission. Furthermore, with the assumption of perfect inner loop power control (to achieve combined receive power target P), the instantaneous transmit power is 
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The average transmit power needed for switched antenna scheme is
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In order to evaluate the above expectation, the probability distribution of the denominator within the expectation can be derived as follows:

Define two random variables 
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 . They are independent and identically distributed with probability distribution function 
. The probability distribution function of the random variable  can be further derived based on the well known formula for maximum of two independent random variables in [3], which yields
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Finally, the expectation is evaluated as follows:
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Thus relative to the baseline, there is ideally a 3 dB gain by using switched antenna transmit diversity
4.1.3
Beam-forming Transmit Diversity

For the beamforming case, assuming that ideal channel state information is available at the UE side, the optimal beamforming vector (refer to Section 8.2.3 of [4]) is the dominant eigenmode of the channel matrix  
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. If it is used at the UE transmitter, then the channel gain is the dominant eigenvalue of the random matrix . Under the assumption of perfect inner loop power control (to achieve combined receive power target P), the average transmit power needed for beamforming is
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Thus relative to the baseline, there is ideally 4.1 dB gain by using beamforming transmit diversity. The expression of the probability distribution function of [image: image31.png]A3



can be found as follows:

The joint distribution of ordered eigenvalues of the Wishart matrix 
[image: image32.wmf]*
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Taking the marginal distribution of 
[image: image35.wmf]1
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, we arrive at the distribution of .

4.2
Genie Algorithms

The genie algorithms described here serve the purpose of establishing upper bounds for the potential system performance gains that can be achieved with uplink transmit diversity in HSPA.
4.2.1
Switched Antenna Transmit Diversity

. 

Figure 1 shows a high level block diagram of open loop switched antenna transmit diversity between a UE and a NodeB,.
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Figure 1: Block Diagram of Switched Antenna Transmit Diversity

Let 
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 denote the lth path of the propagation channel from transmit antenna j to receive antenna i in time slot k of a radio frame.

We define the reference UE transmitter algorithm for genie open loop switched antenna transmit diversity as follows:

· Every radio frame (10ms), the reference UE transmitter makes a decision on whether to switch the transmit antennas or not.

· Transmit Antenna j (j = 1,2)  is selected if 
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 in the previous frame is the maximum for that antenna. Note that this selection is based on perfect knowledge of the of the channel information 
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 at the UE. 

· Long term and short term antenna imbalances as defined in Section 5.3.1 are modeled sequentially (and thus fully accounted for).
The  NodeB receiver is assumed to be unaware that the UE is in open loop switched antenna transmit diversity mode i.e. no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in open loop switched antenna transmit diversity mode

The above combination of UE transmitter and NodeB receiver serves as a genie switched antenna transmit diversity algorithm against which practical open loop switched antenna transmit diversity UEs can be compared. 
4.2.2
Beamforming Transmit Diversity

Figure 2 presents a high level block diagram of beamforming transmit diversity between a UE and a NodeB.
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Figure 2: Block Diagram of Beamforming Transmit Diversity

Let 
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 denote the lth path of the propagation channel from transmit antenna j to receive antenna i in time slot k of a radio frame.

Define the set of 2x2 channel matrices as
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We define the reference UE transmitter algorithm for genie open loop beamforming transmit diversity as follows:

· Every slot (0.667 ms) k,  the reference UE beamformer applies a weight vector 
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· Both antennas have equal gain and the amplitudes of the input signal to both the antennas are equal.
· Long term and short term antenna imbalances as defined in Section 5.3.1 are modeled sequentially
The  NodeB receiver is assumed to be unaware that the UE is in open loop beamforming transmit diversity mode i.e. no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in this mode.

The above combination of UE transmitter and NodeB receiver serves as a genie beamforming transmit diversity algorithm against which practical open loop beamforming transmit diversity UEs can be compared. 

4.3
Practical Algorithms

4.3.1
Switched Antenna Transmit Diversity

The reference practical algorithm for SATD for use in CELL_DCH is described as follows (Tx1b in [6]):

1.
Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2.
At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3.
If the same transmit antenna has been used for X consecutive frames the UE automatically switches antenna. Note that the UE accumulates TPC commands continuously as long as a switch does not occur.

4.
Every time an antenna switch occurs the accumulated TPC sum is reset to 0

A suitable setting for X equals 14 radio frames. In the case a UE is in SHO the combined TPC is considered in the algorithm.

4.3.2
Beamforming Transmit Diversity

In the following three different practical BFTD algorithms for use in CELL_DCH and 1 practical BFTD algorithm for the purpose of random access are described:

Practical BFTD Algorithm 1 [6] for use  in CELL_DCH:
1. Every 6 time slots (4 ms) the UE transmitter applies a new weight vector. 
2. TPC commands are accumulated over the evaluation period, defined as the time between two consecutive weight vector changes. The default evaluation period is 6 slots.
3. The new weight vector is selected by adding 
[image: image48.wmf]1
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 to the codebook index 
[image: image49.wmf]p

 used in the previous period. 
4. The UE is furthermore assumed to store the direction that the weight vector was updated with at the previous change. 
5. If the accumulated TPC commands suggest less transmitted power (number of down commands > number of up commands), the direction is kept otherwise it is changed.

In the case a UE is in SHO the combined TPC is considered in the algorithm.
Practical BFTD Algorithm 2 [7], [8] in CELL_DCH:
This algorithm periodically adds a phase offset (
[image: image50.wmf]d

) to the relative phase of the two transmit signals. The existing uplink power control command is used as the feedback and is input into the algorithm. The algorithm then determines the suitable phase is in the region of larger radian (degrees) or in the region of smaller radian (degrees) and make a phase move by (
[image: image51.wmf]e

) degrees (or not move at all).  The transmit beam is formed and dynamically steered toward the serving base station by the relative phase (plus the phase difference by the path difference and fading). 

The algorithm is described in more detail as follows:
1. The algorithm is based on the combined TPC.

2. The phase offset, 
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, can be 48 degrees, 
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can be 12 degrees.

3. Let TPC command DOWN be represented by -1 and TPC command UP by +1. 
a. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
[image: image55.wmf]e

is kept zero until two TPC commands become available to the UE.
b. Apply relative phase for the next slot 
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c. Determine new relative phase:
a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change
Note that TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n.
d. Apply relative phase for the next slot  
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e. Go to step b
The above algorithm can be implemented in two ways:

1. Asymmetric phase implementation:

In this implementation, the phase of the transmit signal from the first antenna is kept constant and the relative phase is applied only to the transmit signal from the second antenna.

2. Symmetric phase implementation:

In this implementation, half of the relative phase is applied to the transmit signal from the first antenna and the other half of the relative phase is applied with an opposite sign to the transmit signal from the second antenna.

Practical BFTD Algorithm 3 [9] for use in CELL_DCH:

Consider the uplink beamforming weight vector 
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. The Phase Tracking beamforming algorithm performs tracking of the phase 
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 of the complex weight 
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 using information accumulated over 
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 time slots (minus a number of slots equal to the SNR feedback delay). The beamforming vector calculation is updated every 
[image: image66.wmf]N

slots. Once a new weight vector is computed, it is applied with no additional delay.

1. Let a TPC command DOWN be represented by -1 and a TPC command UP by +1. The phase changes are applied in steps 
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, according to the following procedure.

2. Denote by 
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 the value of the phase 
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 at time zero. Compute the initial phase 
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3. Wait for an interval of 
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slots, and accumulate the TPC commands received over the last 
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[image: image75.wmf]D

 is the TPC feedback delay. If the accumulated TPC command is positive, set 
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Typical design parameters for the above algorithm are 
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Practical BFTD algorithm  [8] for use in CELL_FACH state.


In the case the BFTD capable UE does not utilize full-power PA (e.g. with 2 half-power PAs), it may not have sufficient power to initiate a call and then the following beamforming algorithm may be used for the purpose of random access:

1. An initial value for the phase difference (between the two transmit signals) may be any arbitrary initial value (e.g., 0 degrees).  

2. The initial phase is applied to the first preamble. 

3. If acknowledgement from the base station is NOT received before the next preamble is scheduled to send, the relative phase is increased by a certain amount (say, 96 degrees) and is applied to the next transmit preamble.

4. The new relative phase keeps increasing a certain amount per preamble period until the acknowledgement is received. 

5. This procedure can cross the different call sequences, if necessary

In the case when the BFTD capable UE has at least one full-power PA, the UE may skip the algorithm above and perform legacy RACH procedures as defined today. However even in this case, it may still be possible to operate as if the BFTD UE utilizes two half power PAs. For example, in Figure 2a, the BFTD UE uses a full-power PA for the primary transmit antenna and a half-power PA for the diversity transmit antenna. During regular data transmission in CELL_DCH, when BFTD is enabled, the UE changes the primary full-power PA’s supply voltage to improve its efficiency at mid-to-high Tx power, effectively approximating a half-power PA’s efficiency performance. The technique of varying a PA’s supply voltage to maintain its efficiency is described in more detail in [69].

[image: image89.emf]
Figure 2a: BFTD with Average Power Tracking (APT) Power Amplifiers
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