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1. Introduction

At RAN1#64 meeting, the simulation assumptions for UL MIMO have been agreed [1]. Some simulation assumptions are outlined here.

· A pre-coded pilot structure as agreed for UL CLTD is used.

· A single ILPC loop and a single OLPC loop are used.

· A 15 dB noise rise level should be used as a default assumption. Noise rise levels of e.g. 10 dB and 20 dB are optional.

· The default assumption is to use LMMSE receivers for both SIMO and MIMO.

· Structures with both 2 and 4 receive antennas should be considered.

· The serving Node-B is responsible for deciding the rank and pre-coding vectors.

· The reference pre-coder is based on unquantized SVD. In addition, quantized pre-coders can also be evaluated.

· A single user in a single cell is modelled.

· For MIMO schemes using up to two transport blocks:

· ILPC/OLPC targets a desired BLER level for the primary stream.

· The quality target for the secondary stream is to achieve the same BLER level as the primary stream.

· DPCCH and S-DPCCH have the same transmit power.

· The total E-DPDCH transmit power on the secondary stream (if any) is the same as the total E-DPDCH transmit power on the primary stream.

· Rate adaptation is performed on each stream, targeting a desired total received Ec/No (RoT).

· Rank adaptation is based on maximization of primary stream received SNR or maximization of sum throughput.

· For MIMO schemes using a single transport block, aim to use similar assumptions as the ones above.
This contribution presents simulation methodology and results obtained following the above assumptions.

2. Simulation Methodology

In this section, we present link simulation methodology for UL MIMO including power control scheme, scheduling (rank adaption, TBS determination), rate adaptation, pre-coding determination and marginal loop. 

In UL MIMO, two data blocks are sent at the same time on the same code resources. Each data block is CRC attached, channel coded, interleaved, spread and modulated separately, then pre-coded and sent from both antennas. The procedure is shown in Figure 1. The transmission scheme of UL MIMO is shown in Figure 2.
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Figure 1 Transmission procedure of UL MIMO
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Figure 2 Transmission scheme of UL MIMO
2.1 Gain factor

The quantized amplitude ratios of the new physical channels are defined as the ratio of each channel gain factor with the primary DPCCH gain factor
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. Therefore, the operation of the inner power control loop can adjust the power of primary DPCCH and all the physical channels by the same amount, provided there are no changes in gain factors. The gain factor 
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for the primary and secondary E-DPCCH is the same, and the gain factor 
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for the primary and secondary DPCCH is the same. 

2.2 Power control

Only the primary DPCCH is power controlled, both inner loop and outer loop. All the other physical channels adjust their own powers according to the primary DPCCH.

The secondary DPCCH is adjusted according to the primary DPCCH, and this is obviously not an optimal solution. It may happen that even if the SIR is above the target, UE increases the transmission power, or when SIR is below the target, the UE decreases the transmission power.  This causes the received Ec/N0 to fluctuate. Moreover, as well-known, the block size of the primary stream is decided on the basis of SG scheduling, and a certain BLER target is met through the inner and outer power control loops.
The secondary stream will not achieve the same BLER target as the primary stream unless the same transport block size is transmitted and the same channel is experienced. Therefore another method for the secondary transport block size determination, namely rate adaptation, is discussed in section 2.4. 

2.3 Scheduling (rank adaptation and TBS determination)

Due to the grant mechanism in uplink, rank adaptation and TBS determination for UL MIMO are processed at the same time.

The scheduler in the Node B receiver measures the total received Ec/N0 in the Node B, and then selects single or dual streams to send according to the target ROT and maximal throughput. When single stream is scheduled, the block size determination is the SG selection, and is the same as legacy scheduling. 

When scheduling, both the peak throughputs in single stream and dual streams are calculated in the Node B according to the same target ROT condition, and the configuration with maximal throughput is selected. Concretely,

· Single stream

The receiver estimates the primary DPCCH received Ec/N0, i.e. 
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, and then calculates the primary 
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 ,
where all the other physical channels sent on the primary pre-coding vector have fixed power ratio, and the power ratio of E-DPDCH channel can be decided. Furthermore, the transport block size is also determined.

· Dual streams

Similarly, the receiver estimates both primary DPCCH and secondary DPCCH received Ec/N0, i.e. 
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and 
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, and then firstly calculates the primary 
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 ,
where the primary stream power ratio is determined in the same way as single stream, and the secondary stream power ratio is the same as the primary stream power ratio. Similarly to the single stream case, the transport block size of the primary stream is chosen. Secondly, the transport block size of the secondary stream is determined using rate adaptation. Adding the two transport block sizes together determines the total throughput.

From above, both throughputs in single stream and dual streams are obtained. Then rank adaptation is based on the maximization of the throughput for the two alternatives.

2.4 Rate Adaptation

The transport block size of the secondary stream should not be the same as the primary stream considering that the secondary stream is not properly power controlled. Therefore, the rate adaptation is adopted to decide the secondary transport block size. Basically, when achieving the same BLER in the receiver, the primary and secondary transport block will have different sizes: for instance, if the secondary stream has lower received SNR, the secondary transport block size will be lower than the primary transport block size. Therefore, taking the same method of the legacy E-TFC selection in the same E-TFCI table may not be appropriate for the secondary stream. 

A SNR~TBS mapping table is used to decide the secondary transport block size, in which the block size is obtained by looking up the SNR value needed to achieve a certain BLER target (such as 10% initial BLER) for a presumed block size. The table is obtained by simulations in AWGN channel. This method introduces a new channel quality indication (CQI) table.

For the sake of maximizing reuse of legacy E-TFC selection without introducing a new CQI table, a power offset of S-DPCCH/DPCCH should be used to assist the primary scheduling grant to determine the secondary transport block size. In this method, after the primary 
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and primary transport block size are decided, the secondary 
[image: image14.wmf]ed

'

b

is calculated with the formula below and the secondary transport block size is selected using the legacy E-TFC selection method.
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2.5 Pre-coding determination

Since the pre-coded decision is not the criterion of maximal channel capacity, the pre-coded factor is chosen among the codebook or through SVD decomposition, to maximize the SNR of the primary stream.

2.6 Marginal loop for the secondary stream

A marginal loop for the secondary stream is needed to accurately control the secondary stream BLER, similarly as an outer loop power control is used to maintain the QoS. In fact, the marginal loop offers a back-off to compute SNR before mapping it to a TBS. The back-off may vary for different TBS, and depends on the statistical decoding performance. 

3. Simulation 

In this section, we present link simulation results for UL MIMO. The results are compared with single antenna transmission and CLTD.
3.1 Simulation Assumption

	In [2], the simulation assumptions are agreed through email discussion.

Table 1 link level simulation parameters

Parameter

Value

Physical Channels

E-DPDCH, E-DPCCH, DPCCH, 
S-E-DPDCH, S-E-DPCCH, S-DPCCH
E-DCH TTI [ms]

2

TBS [bits]

Dependent on scheduled grant

Modulation

16QAM for TBS ≥ 8105, QPSK otherwise

Noise rise target [dB]

15, 10(*), 20(*)

Number of physical data channels and spreading factor

 During dual stream transmission: 2xSF2+2xSF4

Otherwise: Based on TBS and rate-matching parameters

∆T2TP [dB] (Ratio of primary E-DPDCH power to the power of the phase reference for the primary stream)

12dB
20*log10(βed/βc) [dB]

To be described

20*log10(βec/βc) [dB]

To be described

20*log10(βhs/βc) [dB]

2

Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]

0

Power ratio between Secondary E-DPDCH and E-DPDCH (if rank 2 transmissions are scheduled) [dB]

0

Number of H-ARQ Processes

8

Target Number of H-ARQ Transmissions

4

H-ARQ operating point

10 % BLER after 1 H-ARQ attempt OR 

30 % BLER after 1 H-ARQ attempt (*)
Number of Rx Antennas

2, 4

Channel Encoder

3GPP Release 6 Turbo Encoder

PLmax
0.33

PLnon,max
0.66

Turbo Decoder

Log MAP

Number of iterations for turbo decoder

8

DPCCH Slot Format

1 (8 Pilot, 2 TPC)

Secondary DPCCH Slot Format

1 (8 Pilot, 2 TPC)

Channel Estimation

Realistic

Compensation of phase discontinuity
To be described

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)

4 %

Scheduling delay

To be described

Delay for marginal loop 

To be described

Propagation Channel

PA3, VA3

NodeB Receiver Type

LMMSE

Antenna imbalance [dB]
0, +3 (*), -3 (*)
UE Tx Antenna Correlation

0, 0.3 (*), 0.7 (*)

UE DTX

OFF
Precoder 

Practical

Precoding Codebook Size

4phase

Precoding Feedback Error Rate

 Ideal

Precoding Feedback Update Rate

1slot

Precoding Feedback Delay

3 slot

3.2 Simulation Results

Table 1: UE Throughput vs rx Ec/No: SIMO, CLTD and MIMO (2x2, PA3)

rxEc/N0 target [dB]

5

10

15

20

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]

Throughput
[Kbps]

SIMO

5.0

5162

10.9

6858

16.3

7554

19.4

7698

CLTD
5.0

5398

10.9

7315

16.3

8188

19.4

8517

MIMO
5.0

4716

10.9

7822

16.3

9116

21.6

9205

Table 1: UE Throughput vs rx Ec/No: SIMO, CLTD and MIMO (2x2, VA3)

rxEc/N0 target [dB]

5

10

15

20

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]

Throughput
[Kbps]

rx Ec/No
[dB]s]

Throughput
[Kbps]

SIMO

5.0

4432

10.9

6468

16.3

6967

21.4

6926

CLTD
5.0

4406

10.9

6332

16.2

7013

21.3

6974

MIMO
5.0

4377

11.1

7073

16.1

8122

19.8

8154




3.3 Observations

From the above results, we observe that

1. CLTD can achieve higher throughput in slow-varying channel for the same ROT target due to transmit array and diversity gains.

2. MIMO gives lower throughput than CLTD or SIMO in low ROT target and higher throughput in high ROT. This is due to the inter-stream interference that degrades performance in MIMO. As the SNR increases, performance of each stream improves and the total MIMO throughput may exceed CLTD and SIMO.

4. Conclusion
This contribution has presented the initial simulation results of UL MIMO. The results indicate MIMO can achieve throughput gain in certain scenarios such as high quality of the transmission channel and high UE power.
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