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1
Introduction

In TSG-RAN#50 a new work item, “Uplink Transmit Diversity for HSPA – closed loop”, was approved [1]. In order to specify this feature, several aspects of the design need to be finalized. A quantitative approach is required to evaluate the different design aspects as well as to evaluate the potential performance gains that can be obtained by this feature. 

In this contribution, we detail the simulation assumptions that are needed to perform link level simulations of closed loop transmit diversity (CLTD). 
2
Modeling of Closed Loop Transmit Diversity
A study on open loop transmit diversity (OLTD) was conducted in RAN1 and the TR associated with that effort can be found in [2]. It is considered that many of the simulation assumptions made for OLTD are also applicable to CLTD. Some aspects of the simulations are however unique to CLTD and are discussed below. 
In Table 1, a list of the basic assumptions for link simulations are shown. These are by and large similar to the ones that are in [2] with some differences. In the following sub sections, additional aspects of the simulations are described. 

Table 1: Closed Loop Transmit Diversity - Link Simulation Assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, HS-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	10

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	2%

	Channel Estimation for TPC bit generation
	Realistic

	Propagation Channel
	PA3, VA30

	Finger assignment
	PA3: 1 finger

VA30: 4 fingers

                 2 fingers (*)

	NodeB Receiver Type
	Rake Receiver

	Closed Loop Implementation
	Symmetric implementation

	Precoding codebook size
	4 phases

	Precoding Feedback Error
	2% per bit (i.i.d)

	Pilot Structure
	Pre-coded pilots

	Antenna imbalance [dB]
	+3, 0, -3

	UE Tx Antenna Correlation
	0, 0.3

	UE DTX
	OFF


An asterisk (*) indicates lower priority cases.
2.1
Genie Simulations
The genie simulations establish an upper bound on performance of CLTD. These simulations are conducted assuming that the channel is known at the NodeB for the purposes of determining the optimal beamforming weight vector.
Every time slot, the UE transmitter applies a ideal weight vector 
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to the   transmit antennas. The algorithm that determines the pre-coding vector is based on singular value decomposition (SVD) of the channel matrix. The pre-coding vector is chosen as the singular vector associated with the maximum singular value. The SVD based pre-coding can result in pre-coding vectors where the amplitude of the two weights are different. The pre-coding vector is applied at the UE without any errors in feedback. Note however that practical channel estimation is used for data demodulation purposes.
2.2
Practical Simulations

These simulations are conducted to evaluate realistic gains that can be optained by employing CLTD and also to determine the design of the feature. Some salient aspects of the practical simulations are detailed below.
2.2.1
Pilot Channel Design
In previous RAN1 meetings, proposals for pre-coded, pseudo pre-coded and non-precoded pilot designs have been proposed (see [3-6]). In [3], a pre-coded pilot structure for CLTD operation was proposed. As a follow up, some arguments for the pre-coded pilots are mentioned in [7]. Some disadvantages of the non pre-coded and pseudo pre-coded pilot structures have also been suggested. 

Therefore, it is recommended that the pre-coded pilot structure as described in [7] be used as a baseline design for evaluation of the performance of CLTD. Of course this does not preclude evaluation of the merits and demerits of other pilot structures. 

Proposal: Pre-coded pilots are adopted as a baseline (or working assumption) for CLTD.

2.2.2
Enhanced Symmetric beamforming Implementation

During the study on open loop beamforming transmit diversity, it was noted that symmetric implementation had a lesser impact on the Ec/No at the receiver. 
In the symmetric implementation of beamforming proposed before (e.g. [3]), the beamforming phase 
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 is split into negative half and positive half which are further applied at two UE transmit antennas. This implementation in itself may not be suitable for CLTD beamforming where the phase can change up to 90 degree or larger from one slot to the next. However, with some modifications, it is seen that symmetric implementation can indeed be applied to CLTD as well. Details of the enhanced symmetric beamforming implementation are given below.
2.2.2.1 Algorithm Description

The essence of the algorithm is as follows. In terms of beamforming effect, phase 
[image: image3.wmf]1

~

+

n

q

 and 
[image: image4.wmf]360

~

1

-

+

n

q

 are equivalent. However, if they are divided by 2, the half phases are no longer equivalent on the complex plane. Between these two phase values, one is chosen to make the phase discontinuity of beamformed DPCCH,1 at the Node B receiver less severe.
In general, let the original set of quantization phases be:  (unit: degree)


[image: image5.wmf]{

}

1

,

,

0

,

0

-

=

+

D

N

k

k

L

q

q

,

where 
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is the initial phase (chosen to be 0 for simplicity) and 
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is the phase granularity. They have values in the interval 
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degrees. Define an expanded set of quantization phases to be
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Assume the final beamforming phase 
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 for slot n. For slot n+1, the initial beamforming phase based on the original quantization set is 
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. Next, both the Node Breceiver and beamforming transmitter shall determine the final beamforming phase 
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 for slot n+1 by the following algorithm:
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The size of the expanded beamforming phase set is doubled relative to the original set. Note that this does not increase the PCI feedback since the final phase 
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is a deterministic function of 
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As a special example, if N=4, then instead of using the regular quantization set {0, 90, 180, 270} degree, we use the expanded set {0, 90, 180, 270, -360, -270, -180, -90}. 

Proposal: Adopt the enhanced symmetric implementation for the CLTD link level simulations.
2.2.3
Feedback Design

There are several options possible for the transmission of feedback and is one of the design questions that need to be addressed in order to specify CLTD. In [8], several feedback options have been evaluated and the results presented. Based on the results, it is considered that the 1bit recursive feedback scheme offers adequate performance whilst minimizing usage of resources on the downlink. This scheme has a codebook granularity of 4, i.e., the beam phase is selected from one of 4 options. There is no feedback indicating the amplitude to be used for each antenna – both antennas have equal signal power as input. Details of the 1bit recursive feedback scheme can be found in [8].

Proposal: Adopt the 1bit recursive feedback scheme as a baseline (or working assumption) for the transmission of feedback information for the CLTD link level simulations.
2.2.4
Channel Modeling

In order to glean the maximum benefit from beamforming, it is required that the signals from the two antennas be received at the same time so that there can be constructive combining of the beamformed signals. As a result, the fingers assigned to each of the antennas need to have the same timing. The searcher and the time tracking loop corrections should therefore be applied to signal received from both the primary and secondary antennas. A single searcher can then be employed for the primary pilot and once fingers have been assigned, the same finger locations be allocated to the secondary pilot as well. Similarly, corrections due to the time tracking loop can be computed based on the primary pilot and applied to the secondary in conjunction. 
If static finger allocations are assumed in the simulation, then the same finger positions should be used for both the primary and secondary antennas at the NodeB. 

Proposal: The finger locations and timings are the same for both the antennas at the NodeB.
When fast fading channels are experienced in practice, it is rare that more than 2 fingers are allocated by the searcher at the NodeB. Therefore, to evaluate practical gains due to CLTD, it is considered that as an option, 2 fingers may be assigned at the NodeB for the VA30 channel. This is captured in the simulation assumptions in Table 1.
3
Performance Metrics

The metrics for evaluating performance are the same as the ones used in the study on open loop transmit diversity. Note that the impact of the second pilot should also be taken into account when evaluating the metrics as detailed below.
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Where the values for the baseline scheme are computed as 
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And the values in the case of CLTD are computed as 

[image: image21.wmf]Secondary

-

Rx

Primary

-

Rx

CLTD

2

Primary

Tx

CLTD

1

1

÷

÷

ø

ö

ç

ç

è

æ

+

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

+

+

÷

÷

ø

ö

ç

ç

è

æ

=

÷

ø

ö

ç

è

æ

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

+

+

+

÷

÷

ø

ö

ç

ç

è

æ

=

÷

ø

ö

ç

è

æ

-

-

-

-

-

o

cp

DPCCH

HS

DPCCH

E

o

cp

DPCCH

HS

DPCCH

E

o

cp

N

E

P

C

P

C

P

T

N

E

No

Ec

Rx

P

C

P

C

P

T

N

E

No

Ec

Tx

a


where 
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is the ratio of the transmit power of the secondary pilot to the primary pilot.
The above metrics are common for the simulation scenarios considered below. When the UE is in soft handover, the HS-DPCCH power level may need to be increased in order to maintain the same misdetection and decoding error rate at the serving NodeB.
4
Modelling Antenna Correlation and Imbalance

Transmit antenna correlation and antenna imbalance is modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
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The basic Kronecker model of the channel is 
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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Case 2: Antenna Imbalance = 
[image: image30.wmf]b

; Transmit antenna correlation = 
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The basic Kronecker model of the channel is
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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and 
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 is the antenna imbalance matrix where
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Note that antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.

5
Simulation Scenarios
The following scenarios need to be considered while evaluating the performance of CLTD.
· Single Cell
· Performance with antenna imbalance and with antenna correlations similar to open loop transmit diversity can be considered.

· Soft Handover

· Performance when there are two cells in the active set need to be considered. Antenna imbalances and antenna correlations also need to be considered in this case. 

· This scenario is important to evaluate 
· The performance of E-DCH i.e. transmit power gains are still observed in soft handover scenario

· The impact of CLTD on the HS-DPCCH channel especially when there is an imbalance between the serving and non-serving cells. Therefore, performance of the HS-DPCCH channel need to be recorded in this case. 
6
Conclusions

In this contribution, link level simulation assumptions were described so as to evaluate the performance of closed loop transmit diversity (CLTD). It is requested that RAN1 discuss these assumptions and agree on a complete set of assumptions so that effective performance evaluations can be made. 
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