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1
Introduction

In RAN WG1#59-bis, a draft skeleton 25.863 TR on UL Transmit Diversity for HSPA was agreed in [1]. In this contribution, a text proposal is provided to Ch 4 of the TR titled “Description of Uplink Transmit Diversity Algorithms”).
2 
Text Proposal to Section 2

[--------------------------------------------------------------- TEXT START ------------------------------------------------------------]
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3 
Text Proposal to Section 4

[--------------------------------------------------------------- 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 [ch4_1].
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 abov 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 pdf 
. The distribution of the random variable  can be further derived based on the well known formula for maximum of two independent random variables in [ch4_2]:
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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. Derivations of the probability distribution of [image: image31.png]A3



can be found as follows:

The joint distribution of ordered eigenvalues of the Wishart matrix 
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 is [ch4_3] :
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Taking the marginal distribution of 
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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 is 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 Open Loop Switched Antenna Transmit Diversity

Let 
[image: image40.wmf])
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= 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 are modeled sequentially.
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. 

4.1.2
Beamforming Transmit Diversity


Figure 2 is a high level block diagram of  beamforming transmit diversity between a UE and a NodeB.
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Figure 2: Block Diagram of Open Loop Beam forming Transmit Diversity

Let 
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= 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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to each transmit antenna such that 
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is maximized
· Both antennas are equal and always have equal signal power input.

· Long term and short term antenna imbalances 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. 

4.2
Practical Algorithms

4.2.1
Switched Antenna Transmit Diversity


The reference practical algorithm for SATD for use in CELL_DCH is described as follows [ch4_4, Tx1b]:

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.
4.2.2
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 [ch4_4] for use  in CELL_DCH:

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 4 consecutive frames the UE automatically switches antenna.

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

Practical BFTD Algorithm 2 [ch4_5], [ch4_6] in CELL_DCH:
· The algorithm makes use of 2 half-power PAs at the UE transmitter.
· The algorithm is based on the combined TPC.
· Let TPC command DOWN be represented by -1 and TPC command UP by +1. 
1. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
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is kept zero until two TPC commands become available to the UE.
2. Apply relative phase for the next slot 
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3. Determine new relative phase:(TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n)
a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change
4. Apply relative phase for the next slot  
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5. Go to step 2

Practical BFTD Algorithm 3 [ch4_7] for use in CELL_DCH:
1. The Phase Tracking beamforming algorithm performs tracking of the phase 
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 of the complex weight 
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 using phase information accumulated over 12 time slots (minus a number of slots equal to the SNR feedback delay). 
2. The corresponding phase change is in steps of (30(. 
3. Once a new weight vector is computed, it is applied with no additional delay. The beamforming vector calculation is updated once every 12 slots.

Practical BFTD algorithm [ch4_6] for use in CELL_FACH state.

· Let TPC command DOWN be represented by -1 and TPC command UP by +1. 
1. Initial relative phase between two transmitters 
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2. CELL_FACH state:

3. Apply relative phase, 
[image: image57.wmf]j

D

, for the next slot
4. If TPC is DOWN, go to Cell_DCH state
5. If next slot is “End of Preamble period”,
a. Wait for a predefined period
b. 
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6. Go to step 3
Note that parameter
[image: image59.wmf]e

is 96 degrees for PRACH algorithm.
[--------------------------------------------------------------- TEXT END ------------------------------------------------------------]
4 
Conclusions

It is proposed to agree to the text proposal provided here to both chapters 2 and 4 of the 25.863 TR on UL Transmit Diversity for HSPA [1].

5 
References

[1] R1-100744, “TR Skeleton for UL Transmit Diversity”, Qualcomm Incorporated

_1327747636.unknown

_1327747812.unknown

_1327748659.unknown

_1327748676.unknown

_1327748023.unknown

_1327748169.unknown

_1327748527.unknown

_1327748049.unknown

_1327747926.unknown

_1327747769.unknown

_1327747793.unknown

_1327747709.unknown

_1327747697.unknown

_1325676252.unknown

_1327747570.unknown

_1327747609.unknown

_1325933935.unknown

_1327747347.unknown

_1325934154.unknown

_1325933193.unknown

_1325933472.unknown

_1315921670.unknown

_1325666475.unknown

_1325666499.unknown

_1325666536.unknown

_1325666485.unknown

_1318617839.unknown

_1325666270.unknown

_1318617819.unknown

_1315792630.unknown

_1315919135.unknown

