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1
Introduction
RAN4 was tasked to study the following items for the SI of uplink Tx diversity for HSPA [1].

For RAN WG4 (starting after RAN#46):

· Agree on baseline assumptions and reference UE architecture for simulation.

· Investigate the impacts on the UE implementation.

· Investigate how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance. Issues such as wrongly directed transmit beam should be considered.

· Investigate the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and analyse how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understand the impacts of any such new requirements.

To expedite the discussion in RAN4, this contribution presents baseline assumptions and reference UE architectures for ULTD simulation for RAN4 study. It is based on the study that has been done in RAN1 so far.
2
Reference Transmitters

2.1
No transmit diversity

This can be used as a reference transmitter for comparison throughout the study. 
Long and short term antenna imbalances are not applied to this case.
2.2
Genie Algorithms

The genie algorithms described here [2] serve as an upper bound for the potential system performance gains that can be achieved with uplink transmit diversity in HSPA. RAN4 study may not need these algorithms, but they are shown for information in case there is any need to use them.
2.2.1
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 
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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. 

2.1.2
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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· 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. 

2.2
Practical Algorithms

The practical algorithms described here [2] can be mainly used for RAN4 study. There will be no need to model amplitude discontinuity and phase discontinuity due to uplink transmit diversity schemes, since that is already captured due to the independent channel assumption when there is any antenna/beam switch.
2.2.1
Switched Antenna Transmit Diversity

The reference practical algorithm for SATD for use in CELL_DCH is described as follows [3]:

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 [3] 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 [4, 5] 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 [6] 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 [5] 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, 
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, 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
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is 96 degrees for PRACH algorithm.

3
Simulation Assumptions

We can reuse the baseline simulation assumptions agreed in RAN1 [7], where both link level and system level parameters are summarized in detail. 

In the RAN1 study, the NodeB receiver was assumed to be unaware that the UE is in open loop transmit diversity mode (switched antenna or beamforming), i.e., no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in open loop transmit diversity mode. Therefore, it can be assumed that most of detrimental effects to overall system performance have been already captured in RAN1 system study.
Amplitude and phase discontinuities due to uplink transmit diversity schemes were not modeled in RAN1 study. However, additional modeling of amplitude and phase discontinuities due to uplink transmit diversity may not make any difference, since that is already captured due to the independent channel assumption when there is any antenna switch or beam change.
4
Conclusions
This contribution presented reference UE architectures and baseline simulation assumptions for ULTD simulation in RAN4 study.
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