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1 Introduction
RAN#50 initiated a study item (SI) on multiple input multiple output (MIMO) uplink transmission. The SI is planned for completion at RAN#53 (September, 2011) and it is associated with the following objectives:


UL MIMO simulation assumptions were outlined during RAN1#64 and later agreed and summarized in [7]. This contribution show initial simulation results based on the agreed simulation framework.
2 Simulation Framework for UL MIMO
In the subsections below we describe the simulation framework which is based on [7]. The main simulation parameters can also be found in the Appendix (Section 6).
2.1 Physical channel structure

A pre-coded pilot structure is used (see Figure 1) according to which:   

· The primary DPCCH, E-DPCCH and E-DPDCH (associated with the first stream) are pre-coded with a common pre-coding vector w1=[w1 w2]T. 

· The secondary DPCCH (S-DPCCH) is pre-coded with an orthogonal pre-coding vector w2=[w3 w4]T, i.e. 
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. Similarly, if S-E-DPCCH and S-E-DPDCH (associated with the second stream) are configured they are pre-coded with the same pre-coding vector w2.

[image: image2]
Figure 1: A pre-coded physical channel layout.
Moreover we assume that P-DPCCH and S-DPCCH use the same transmit power, and similarly we assume that E-DPDCH and S-EDPDCH (if available) use the same transmit power, i.e. the same (-values.
2.2 Codebook design 
We consider a quantized codebook of size four. The unitary pre-coding matrices are given by
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In each slot the receiver chooses the pre-coding matrix that maximizes the received power of the primary stream and signals this matrix to the UE.
2.3 Power control

We assume a single ILPC and a single OLPC operating on the primary stream. The ILPC determines the DPCCH transmit power (and hence the S-DPCCH transmit power). In order to reach the SIR target, and the OLPC increases or decreases the SIR target based on the quality of the primary data stream, i.e. to fulfil the BLER target.
2.4 Rank and rate adaptation 
The main objective of the rate adaptation mechanism is to maximize throughput while keeping a fixed received Ec/N0 (fixed RoT) and a fixed BLER. 

The methodology used in the simulation framework can be described as follows:

1) Determine the grant: In each TTI we determine the maximum allowed grant that can be used to satisfy the Rx Ec target (RoT target). For rank 2 transmissions the grant is divided evenly between the two streams.
2) Determine primary stream transport block size (TBS) and Tx power: Given the grant determined in 1) legacy procedures are used to determine the TBS associated with the primary stream and the corresponding (-values (i.e. the data transmit power). Note that we calculate two sets of TBSs and (-values, one conditioned on a rank-1 transmission and one conditioned on a rank-2 transmission. Note also that we for rank1 transmissions can spend the entire grant on the primary stream, whereas we for the rank-2 transmissions divide the grant evenly between the two streams. 
3) Determine secondary stream TBS and transmission rank: Given the (-values determined in 2) we calculate post-equalization SINRs for the rank-1 and rank-2 modes. One SINR for rank-1 and two SINRs for rank-2 (one for each stream). To control the quality of the secondary stream we then apply an offset to the calculated secondary stream SINR. This offset is updated dynamically to maintain the BLER target. The resulting SINRs are then mapped to TBSs, and we chose rank-2 transmission if the sum of rank-2 TBSs is larger than the rank-1 TBS. Otherwise we chose rank1 transmission.
In this framework the quality of the primary stream is controlled by the power control loops, while the quality of the secondary stream is maintained via the dynamic SINR backoff applied in step 3 above. Simulations are run for both SIMO (where step 3 is skipped) and MIMO configurations. For each RoT target, the performance of SIMO and MIMO is compared to assess the potential MIMO gain.
3 Results 

In this section we present results for different RoT targets and with two or four receive antennas. We will compare the performance of UL MIMO and closed-loop transmit diversity (CLTD). In essence CLTD can be viewed as UL MIMO where the transmissions are limited to being of rank-1. We assume ideal channel estimation, and consider the PA3 channel model. It should also be pointed out that we have not optimized the various algorithms for the different operation points (RoT targets). For example, we run with a fixed reference ETFCI to (-value and no boosting.  
Figure 2 illustrates the throughput figures for MIMO and CLTD as functions of RoT target for two and four receive antennas. Table 1 summarizes MIMO gains (MIMO vs. CLTD) for different RoT targets and two or four receive antennas. Table 1 also shows the percentage of rank2 transmissions for UL MIMO. It is evident that MIMO has the potential of providing significant throughput gains. The gains increase with increasing RoTs and number of receive antennas.  It seems as the MIMO receiver performs much better with four receive antennas. This is probably an effect of better inter-stream interference suppression capabilities. We can also see that the MIMO transmissions utilize two streams often.
Table 2 shows average transmit and receive power as functions of RoT targets and number of receive antennas. It is seen that the average receive power coincides fairly well with the RoT target. The clear exception is for CLTD and a RoT target of 20 dB. The reason for this behavior is that for CLTD and a RoT target of 20 dB we cannot utilize the entire grant since we become limited by the maximum E-TFCI. We can also observe that UL MIMO in general seems to require slightly more Tx power than CLTD.

Finally we show some more detailed results for a RoT target of 15dB for the scenario where there are two receive antennas at the Node-B. A cumulative distribution function (CDF) of the received power is shown in Figure 3. This gives an indication of the variation in received RoT. Figures of E-TFCI utilization for rank-1 and rank-2 transmissions (stream 1 and stream 2) are shown in Figure 4. 
Table 1
MIMO gains (MIMO vs. CLTD) and percentage of rank-2 transmissions for UL MIMO as functions of RoT target and number of receive antennas.
	RoT target [dB]
	MIMO gain [%]
	Rank-2 [%]

	
	2 Rx antennas
	4 Rx antennas
	2 Rx antennas
	4 Rx antennas

	5
	0
	26
	6
	79

	10
	14
	67
	61
	99

	15
	32
	58
	84
	100

	20
	-
	73
	-
	100


 
Table 2
Average transmit and receive power as functions of RoT targets and number of receive antennas.
	RoT target

[dB]
	Number of

Rx antennas
	Avg. Rx Ec [dB]
	Avg. Tx Ec [dB]

	
	
	CLTD
	MIMO
	CLTD
	MIMO

	5
	2
	4.7
	4.7
	4.3
	4.3

	
	4
	4.8
	4.8
	3.9
	4.9

	10
	2
	9.7
	9.8
	9.3
	10.3

	
	4
	9.7
	9.7
	8.8
	10.1

	15
	2
	14.5
	14.8
	14.1
	15.7

	
	4
	13.3
	14.5
	12.5
	14.9

	20
	2
	-
	-
	-
	-

	
	4
	13.4
	19.0
	12.6
	19.3
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Figure 2
 Throughput results for MIMO and CLTD for different settings. RoT targets are [5 7.5 10 12.5 15] for two receive antennas and [5 7.5 10 12.5 15 17.5 20] four receive antennas.
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Figure 3
 MIMO simulation - CDF for received Ec for RoT target = 15 dB.
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Figure 4
: MIMO simulation – Percentage of different E-TFCI choices. 
4 Conclusions

This contribution has presented initial simulation results for UL MIMO. The results indicate that significant MIMO gains can be expected in various scenarios. The next step is to run simulations with realistic channel estimation.
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6 Appendix

Table 1 link level simulation parameters
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, 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]
	Varying

	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)
	No boosting

	20*log10(βed/βc) [dB]
	To be described

	20*log10(βec/βc) [dB]
	To be described

	20*log10(βhs/βc) [dB]
	-

	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

	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
	Ideal

	Compensation of phase discontinuity
	Ideal compensation

	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)
	0 %

	Scheduling delay
	To be described

	Delay for marginal loop 
	To be described

	Propagation Channel
	PA3

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	Precoder 
	Practical (to be described)

	Precoding Codebook Size
	To be described

	Precoding Feedback Error Rate
	0 %

	Precoding Feedback Update Rate
	slot

	Precoding Feedback Delay
	0
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Study the feasibility and merits of UL MIMO (including improvements in terms of average throughput in a cell, while taking into account the impact on the other aspects such as fairness, cell edge user throughput, etc) taking the closed loop transmit diversity into account for the following configuration


Up to 2 streams can be transmitted by the UE


UL MIMO transmission only applies to E-DCH physical channels


UL MIMO cannot be configured with DC-HSUPA


UL MIMO is applicable in CELL_DCH only


Both 2x2 and 2x4 configurations should be considered with 2x2 as the baseline scenario


Furthermore, the following should be investigated:


Impact on infrastructure implementation


Impact on UE implementation


Impact on performance of UEs not supporting UL MIMO (including legacy UEs)
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