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1. Introduction

This paper discusses precoding approach to be used for rank-2 transmission of UL MIMO. During the UL MIMO study item stage [1], most of the results considered the primary spatial stream of a rank-2 transmission to be precoded in the same way as for the CL-BFTD by applying the phase only beamforming the UE transmit antennas. Then the secondary phase-only weight vector (that is orthogonal to the primary one) could be found and applied to precode the secondary spatial stream. The described beamforming approach is further referred to as CL-BFTD-compliant beamforming. An alternative rank-2 beamforming approach was proposed in [2] where the traffic channels are transmitted without precoding from the two transmit antennas at rank-2. This approach is further referred to as per antenna rate control (PARC). Both CL-BFTD-compliant and PARC MIMO beamforming schemes assume the same regular CL-BFTD transmission for rank-1 operation.
2. UL MIMO Physical Channel Structure for CL-BFTD Compliant and PARC Beamforming 
For both CL-BFTD-compliant and PARC MIMO beamforming approaches, transport blocks (TBs) are transmitted at rank-2 with independent (non-interleaved) mapping of the E-DPDCH and S-E-DPDCH physical data channels over the primary and secondary spatial streams (for CL-BFTD-compliant) or the two transmit antennas (for PARC). The UL MIMO physical channel structure for CL-BFTD-compliant and PARC MIMO architectures is shown in Figure 1 and Figure 2 respectively. 
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Figure 1. Physical channel structure for the CL-BFTD-compliant UL MIMO scheme
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Figure 2. Physical channel structure for the PARC UL MIMO scheme
For CL-BFTD-compliant MIMO, precoding of the physical channels is done so that the DPCCH, E-DPCCH, and E-DPDCH are transmitted on the primary spatial channel and the S-DPCCH, S-E-DPCCH, and S-E-DPDCH on the secondary spatial channel. For PARC MIMO, the DPCCH, E-DPCCH, and E-DPDCH are sent from the first antenna, and the S-DPCCH, S-E-DPCCH, and S-E-DPDCH are sent from the second antenna.

The same transmit power control scheme with a single ILPC and a single OLPC loops as discussed in [3] is assumed for both CL-BFTD-compliant and PARC MIMO schemes. For the PARC approach, the ILPC and OLPC operate over the first antenna. 

Equal transmit power is assumed for the E-DPDCH and S-E-DPDCH traffic channels on the primary and secondary spatial streams. The E-DPDCH power is set relative to the DPCCH and the DPCCH power is controlled by the ILPC and OLPC schemes operating over the primary spatial stream. The E-DPCCH power is defined as for the SIMO and CL-BFTD modes to provide the necessary traffic-to-total-pilot (T2TP) ratio. The S-DPCCH power is fixed relative to the DPCCH as for the CL-BFTD mode. 
3. Discussion of CL-BFTD Compliant and PARC Beamforming Schemes
CL-BFTD can be seen to a natural extension of the rank-1 CL-BFTD transmission mode reusing its power control scheme and the physical channel structure with only adding the S-E-DPDCH and S-E-DPCCH channels for rank-2. Most CL-BFTD design aspects such as the pilot precoding scheme and the transmit power control are reused for the CL-BFTD-compliant MIMO lending more support to the CL-BFTD complaint MIMO architecture. In addition, the closed-loop beamforming architecture for spatial multiplexing allows achieving the maximum capacity if the singular value decomposition (SVD) beamforming strategy is followed. The CL-BFTD-compliant MIMO approach is proposed to be agreed as a default rank-2 MIMO precoder.
The PARC MIMO has an advantage of a lower cubic metric that may be important to minimize non-linear distortions from the power amplifier and other RF tract components and to allow the UE transmission at a higher power. Though the CL-BFTD mode is also used for rank-1 transmissions for the PARC, switching between rank-1 and rank-2 may be more problematic than for the CL-BFTD-compliant MIMO. For example, transmit power control may experience difficulties if the channel from the antenna used to transmit the DPCCH goes into a deep fading. This problem is automatically avoided for the precoded pilots transmission in the CL-BFTD-compliant MIMO. As a summary, more results demonstrating the importance of the PARC mode support and evaluating its performance in comparison to the CL-BFTD-compliant MIMO scheme need to be presented. As a step towards that direction, the next section provides initial link-level simulation results for evaluation of the CL-BFTD-compliant and PARC MIMO schemes.
4. Simulations
Link-level simulations results for MIMO using CL-BFTD compliant and PARC types of beamforming are presented in this section.
4.1. Simulation Assumptions

The used simulation assumptions are provided in Table 1.

Table 1. Simulation assumptions
	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, and E-DPDCH for rank-1; DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH for rank-2.

	MIMO architecture
	Dual TB with independent mapping of TBs onto the two spatial streams

	MIMO beamforming approach
	CL-BFTD-compliant, PARC

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM (see E-TFC set design section)

	TBS [bits]
	Variable: 120 – 22995 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Number of H-ARQ processes
	16

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	realistic with [1 1 1] averaging over three slots, MRC of channel estimates from DPCCH and E-DPCCH

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4, asymmetric phase only codebook with the weight for first antenna always equal to √2/2

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	3 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Margin loop step sizes
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation channel
	PA3, VA3

	NodeB receiver type
	LMMSE, 2 RX antennas

	Correlation of channel impulse responses between TX antennas
	0

	Correlation of channel impulse responses between RX antennas
	0

	MIMO rank selection
	Adaptive rank


4.2. Simulation Results
4.2.1. Ped A 3 km/h Channel

Table 2. Simulation results for CL-BFTD-compliant and PARC MIMO and the Ped A 3 km/h channel 

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %

	CL-BFTD- compliant
	2758
	96/4
	5099
	67/33
	7694
	33/67
	10052
	17/83
	11014
	12/88

	PARC 
	2741
	98/2
	4879
	79/21
	6864
	50/50
	8542
	27/73
	9346
	17/83
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Figure 3. Throughput vs. target RX Ec/No for CL-BFTD-compliant and PARC MIMO 
for the Ped A 3 km/h channel 

4.2.2. Veh A 3 km/h Channel

Table 3. Simulation results for CL-BFTD-compliant and PARC MIMO and the Veh A 3 km/h channel 

	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %

	CL-BFTD- compliant
	2520
	99/1
	4569
	89/11
	7006
	30/70
	9402
	11/89
	12065
	3/97

	PARC 
	2509
	99/1
	4499
	90/10
	6492
	38/62
	8702
	18/82
	10399
	9/91
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Figure 4. Throughput vs. target RX Ec/No for CL-BFTD-compliant and PARC MIMO 
for the Ped A 3 km/h channel
4.3. Discussion
The presented simulation results demonstrate throughput gains of the CL-BFTD-compliant MIMO over the PARC MIMO for the Ped A 3 km/h and Veh A 3 km/h channels. There is almost no gain for low RX Ec/No since identical rank-1 transmissions are predominant. Then the gain grows with the RX Ec/No increase and reaches 18% and 16% respectively for the Ped A 3 km/h and Veh A 3 km/h channel models at the target RX Ec/No of 20 dB.
The observed CL-BFTD-compliant MIMO gain over the PARC MIMO is an expected result since the closed-loop beamformed MIMO transmission is known to provide higher capacity than the open-loop MIMO without adaptive precoding as for the PARC scheme.
Comparison of the simulation results for the Ped A 3 km/h and Veh A 3 km/h channel models reveals that the Ped A 3 km/h channel allows realization of higher throughput values than for the Veh A 3km/h channel for all RX Ec/No values except for the maximum ones. For the maximum RX Ec/No range, Veh A 3 km/h channel starts to support a higher throughput than for the Ped A 3 km/h. This happens due to the throughput saturation in the primary spatial stream for the Ped A 3 km/h channel and a higher throughput of the secondary spatial stream for the Veh A 3 km/h because of a more disperse multipath profile and less channel singularity. The throughput for the Ped A 3 km/h channel model may be improved by the introduction of 64QAM modulation or by changing the precoding vector selection criterion (e.g., changing it from the current criterion of the post-receiver SINR maximization for the primary stream to the data throughput maximization).
5. Conclusion

This paper considered the CL-BFTD-compliant and PARC MIMO beamforming approaches. The main conclusions from the paper are as follows:
· CL-BFTD-compliant MIMO is a direct extension of rank-1 CL-BFTD transmission mode for the spatial multiplexing case and it is proposed to be agreed as a working assumption for rank-2 MIMO precoding.
· PARC MIMO scheme has a lower cubic metric, but experiences some performance degradation relative to the CL-BFTD compliant MIMO as observed from the simulation results. Additional evidence of the usefulness of the PARC MIMO mode need to be in order to decide on whether to support this beamforming mode in addition to the CL-BFTD-compliant MIMO precoding. 
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