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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

This clause shall start on a new page.

The present document …

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-101432, “Proposed study item on Uplink MIMO”
[3]
3GPP TS 25.213, “Spreading and modulation (FDD).
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Design Objective for UL MIMO

The UL MIMO for HSPA design objective can be summarized as follows:

· Increase in peak, average and cell edge spectral efficiencies:

· Improve upon the spectral efficiencies achievable with UL 16QAM SIMO
· Allow for 2x2 and 2x4 modes of operation. However the design of the UL MIMO feature should be independent of the number of NodeB receive antennas.
· Minimize additional pilot and control channel overhead

· In order to support the UL MIMO feature, as in the downlink, a secondary pilot and control information on the second stream would need to be transmitted by the UE on the uplink. Furthermore, as in UL CLTD, the NodeB would need to transmit the precoding information to the UE on the downlink.  It would be desirable to minimize the amount of transmitted power to carry these pieces of information.

· Commonality with UL CLTD

· If the UL CLTD feature were introduced, it would be desirable to ensure commonality between UL CLTD and UL MIMO.

· Minimize impact to existing NodeB Advanced Receivers to accommodate UL MIMO functionality

· Minimize impact to UE and NodeB implementations to accommodate UL MIMO functionality relative to CLTD
· Coexistence with legacy devices

· The UL MIMO design must ensure that legacy devices are not negatively impacted by UL MIMO UEs. 

· Minimize Cubic Metric Impact:

· The introduction of additional channels on the uplink causes some impact on the cubic metric . The design should be sensitive to this fact..

5
Physical Layer Structure Alternatives for UL MIMO 
5.1
Signaling Requirements to support UL MIMO

5.2
Physical Channels

5.3
Channel Coding and Multiplexing

5.4
Physical Layer Procedures
6
MAC Layer Structure Alternatives for UL MIMO 

7
Performance Evaluation Methodology
The simulations are based on the following methodology: 

· A single ILPC loop and a single OLPC loop are active. For the MIMO architecture with dual TBs sent independently over the two spatial channels, a desired BLER level is targeted for the primary stream after a desired number of HARQ attempts. 
· The serving Node-B is responsible for determining precoding weights and rank. 

· The reference pre-coder is unquantized and any quantized pre-coders should be described. 
· Rate adaptation is applied for both streams targeting a total received Ec/No (RoT).

· All control and data channels use the same precoding vector as the DPCCH, with the exception of the secondary DPCCH and the secondary E-DPDCH (if it is transmitted, i.e., during dual stream transmission by a UL MIMO UE), which use an orthogonal precoding vector. The pre-coder for the secondary E-DPCCH (S-E-DPCCH) channel should be described if the channel is simulated.
· When pre-coder is quantized (i.e., not ideal SVD based), pre-coder selection is based on maximization of primary stream received SNR or maximization of sum throughput

· Rank adaptation is based on maximization of sum throughput.

· For a MIMO scheme using two transport blocks, the quality target for the secondary stream is to achieve the same BLER level as the primary stream.

Any approach applied to compensate the impact of phase discontinuity caused by change of pre-coder is described explicitly. The simulation includes rate adaptation (scheduling), and most of the gains in UL MIMO are expected to occur in scenarios similar to that of a single user in an isolated cell. Hence, performance evaluation based on the above assumptions was considered sufficient, avoiding the need for separate link and system simulations.
7.1
Simulation Assumptions

The simulation assumptions for UL MIMO for HSPA are shown in Table 7.1. An asterisk (*) is used to indicate simulation cases of lower priority.
Table 7.1. Simulation parameters for UL MIMO performance evaluation
	Parameter
	Value

	Physical Channels
	E-DPDCH, DPCCH for SIMO

E-DPDCH, DPCCH, S-DPCCH for CL-BFTD

E-DPDCH, S-E-DPDCH, DPCCH, S-DPCCH for MIMO
E-DPCCH and S-E-DPCCH are to be described (for CL-BFTD and MIMO transmissions)

	E-DCH TTI [ms]
	2

	TBS [bits]
	variable 120 – 22995 bits 

	Modulation
	16QAM for TBS ≥ 8105, QPSK otherwise

	Noise rise target [dB]
	[5, 10, 15, 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)
	10dB

	20*log10(βed/βc) [dB]
	Based on Scheduled Grant

	20*log10(βec/βc) [dB]
	Based on Scheduled Grant

	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 [based on primary stream SNR]

	Outer Loop Power Control
	ON [based on primary stream CRC status]

	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
	described as needed

	Delay for marginal loop
	described as needed

	Propagation Channel
	PA3, VA3 [as defined in Table 7.2]

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	Pre-coder
	Unquantized, Practical* (to be described)

	Precoding Codebook Size
	described as needed

	Precoding Feedback Error Rate
	described as needed

	Precoding Feedback Update Rate
	described as needed

	Precoding Feedback Delay
	described as needed


Table 7.2: Propagation Conditions for Multipath Fading Environments of PA3 and VA3

	ITU Pedestrian A

Speed 3km/h

(PA3)
	ITU vehicular A

Speed 3km/h

(VA3)

	Relative Delay

[ns]
	Relative Mean Power [dB]
	Relative Delay

[ns]
	Relative Mean Power [dB]

	0
	0
	0
	0

	110
	-9.7
	310
	-1.0

	190
	-19.2
	710
	-9.0

	410
	-22.8
	1090
	-10.0

	
	1730
	-15.0

	
	2510
	-20.0


The definition of pre-coder feedback delay can be illustrated by the example in Figure 7.1 which shows timing diagrams corresponding to 3 slots feedback delay. The estimation of precoding weights on UL DPCCH is at (n-1)th slot and the corresponding precoding weight is applied at (n+2)th slot. 

In the example shown, the 2 PCI bits carried by two symbols are transmitted every slot on the F-DPCH channel.

A similar definition also applies to the scheduling delay. If receive SNR estimates based on UL DPCCH transmitted at slot index n-1 are used to compute new TBS which are scheduled at slot index n+2, the scheduling delay is said to be (n+2)-(n-1)=3 slots.
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Figure 1: An example of 3 slots feedback delay
7.2
Performance Evaluation Metrics

The following performance measures are used for evaluation:

· Average throughput 
· Received Ec/No (average, 90th percentile)

The average throughput assumes all HARQ interlaces are active, and takes into account the number of HARQ attempts required for each packet, and also the residual BLER after the maximum number of HARQ attempts (i.e., packets failing after all HARQ attempts do not count towards the throughput). For the sake of clarity,
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and the values in the case of UL MIMO are computed as 
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where
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is 1 during dual stream transmission and 0 during single stream transmission. For UL CLTD, the same formula applies with
[image: image6.wmf]d

set always to zero.

The performance for a UL MIMO UE shall be evaluated and compared with a UE capable of only single antenna transmissions, as well as with a UE configured with closed loop transmit diversity.
8
Performance Evaluation Results

The parameters of the E-TFC set are given in Table 8.1. The first four columns show the peak data rates, TBS, modulation, and the coding rate. The Ecp/No column was generated by simulating SIMO transmissions in AWGN with 2 receive antennas, ∆T2TP=10dB and without power control. The true DPCCH (pilot) SNR, combined across receive antennas, required to meet 10% BLER after the 1st HARQ attempt in this simulation is recorded in the Ecp/No column. 
The DPCCH boost column is then derived from the Ecp/No column by ensuring that the difference between the Ecp/No dB values for any two TBS is the same as the difference between their corresponding DPCCH boosts. The scheduler uses Table 8.1 to map the received SNRs to TBS values, and to determine the modulation scheme and DPCCH boost to be used for each TBS.
Table 8.1: Parameters of the E-TFC set used in the simulations
	Data rate,
kbps
	TBS, bits
	Modulation
	Coding rate
	Qualcomm
	NSN
	Ericsson

	
	
	
	
	Ecp/No [dB]
	Ecp/No [dB]
	Ecp/No [dB]

	60.0
	120
	QPSK
	0.010
	-25.6
	-23.4
	

	796.5
	1593
	QPSK
	0.138
	-15.8
	-15.95
	

	1428.0
	2856
	QPSK
	0.248
	-13.4
	-13.40
	

	2456.5
	4913
	QPSK
	0.426
	-11
	-10.90
	

	3429.5
	6859
	QPSK
	0.595
	-8.8
	-8.73
	

	4052.5
	8105
	16QAM
	0.352
	-7.4
	-7.08
	

	4992.5
	9985
	16QAM
	0.433
	-6
	-5.67
	

	5658.0
	11316
	16QAM
	0.491
	-5
	-4.67
	

	7899.0
	15798
	16QAM
	0.686
	-1.8
	-1.73
	

	9731.0
	19462
	16QAM
	0.845
	0.8
	0.87
	

	11497.5
	22995
	16QAM
	0.998
	7.4
	7.43
	


In addition to the simulation assumptions listed in Section 7.1, the following assumptions have been made by the respective companies and the corresponding results may be interpreted accordingly.
Qualcomm

· Physical channel structure includes the DPCCH, E-DPCCH, S-E-DPCCH and E-DPDCH channels precoded with the primary transmit weight vector, whereas the S-DPCCH and the S-E-DPDCH channels are precoded with the secondary weight vector.

· Practical channel estimation was applied with a 4 slot not causal filter with weights [0.4 0.3 0.2 0.1]. 
· SVD of maximum-energy channel tap was used was used for unquantized PCI and a 2 bit phase only codebook when quantization was simulated which maximized the single stream post equalizer SNR.

· The PCI update rate and feedback delay were assumed to be 3 slots each. No PCI feedback error was assumed. 

· The scheduling delay was assumed to be 3 slots while the marginal loop delay was 3 TTIs. The step sizes for the marginal loop was set to be +0.0125 and -0.1125. 

NSN

· Physical channel structure includes the DPCCH, E-DPCCH, and E-DPDCH channels precoded with the primary transmit weight vector, and the S-DPCCH, S-E-DPCCH, and S-E-DPDCH channels precoded with the secondary weight vector.
· Practical channel estimation was applied with a 3 slot causal filter with equal weights, channel synthesis for phase discontinuity compensation.

· 2 bit phase only codebook when quantization was simulated which maximized the primary stream SINR.

· The PCI update rate and feedback delay were assumed to be 3 slots and 4 slots respectively. No PCI feedback error was assumed. 

· The scheduling delay was assumed to be 4 slots. 
· Delay of the marginal loop for the second stream BLER control of dual TB MIMO was assumed to be 4 slots; the marginal loop steps are 1 dB ( (1 – BLER_target) and 1 dB ( BLER_target.
Ericsson
· No boosting was applied in the simulations. Instead the beta factors for the traffic were varied for each TBS. 

· Ideal channel estimation was assumed. 

· 2 bit phase only codebook when quantization was simulated which maximized the SNR of the primary stream.

· The PCI update rate was assumed to be 1 slot and no feedback delay was assumed. No PCI feedback error was also assumed. 

· The E-TFCI associated with the primary stream is determined based on legacy procedures using the grant, which is determined in order to satisfy the RoT target as input. Also the transmit power (i.e. the beta factors based on the determined E-TFCI) is determined using legacy procedures.

· For determining the T/P for a given E-TFCI the interpolation formula with a reference E-TFCI =31 and T/P=5.11 dB (this corresponds to signalled value 13 in Table 1B.1 in sub clause 4.2.1.3 in [3] was used. 

A summary of the performance results as a function of the Rx Ec/No per antenna are shown in the following tables.

Table 8.2: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
Table 8.3: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
Table 8.4: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
Table 8.5: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
Table 8.2: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	4786
	7273
	8907
	9557
	4786
	7273
	8907
	9557

	
	NSN
	
	
	
	
	
	4846
	7042
	8691
	8693

	
	Ericsson
	
	
	
	
	
	4655
	6831
	7935 
	10002 

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.8
	9.8
	14.6
	16.7

	CLTD
	Qualcomm
	Throughput [kbps]
	5274
	8075
	9480
	9973
	5125
	7842
	9276
	9645

	
	
	Gain [%]
	10
	11
	6
	4
	7
	8
	4
	1

	
	NSN
	Throughput [kbps]
	
	
	
	
	4975
	7126
	8202
	8270

	
	
	Gain [%]
	
	
	
	
	3
	1
	-6
	-5

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	4734
	6841
	8016
	10007

	
	
	Gain [%]
	
	
	
	
	1.7
	0.15
	1.0
	0.05

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.7
	9.7
	14.5
	16.5

	MIMO
(Dual TB)
	Qualcomm
	Throughput [kbps]
	5302
	8923
	12045
	13719
	5194
	8149
	10776
	12641

	
	
	Gain [%]
	11
	23
	35
	44
	9
	12
	21
	32

	
	NSN
	Throughput [kbps]
	
	
	
	
	5086
	7811
	10771
	12460

	
	
	Gain [%]
	
	
	
	
	5
	11
	24
	43

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	4726
	7910
	10475
	11945 

	
	
	Gain [%]
	
	
	
	
	1.5
	15.8
	32.0
	19.4

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.7
	9.8
	14.7
	19.6


Table 8.3: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	4290
	6322
	7696
	8303
	4290
	6322
	7696
	8303

	
	NSN
	
	
	
	
	
	4335
	6512
	8409
	8787

	
	Ericsson
	
	
	
	
	
	
	
	
	

	CLTD
	Qualcomm
	Throughput [kbps]
	4201
	6084
	7280
	7786
	4158
	5986
	7231
	7765

	
	
	Gain [%]
	-2
	-4
	-5
	-6
	-3
	-5
	-6
	-6

	
	NSN
	Throughput [kbps]
	
	
	
	
	4488
	6442
	7644
	8049

	
	
	Gain [%]
	
	
	
	
	4
	-1
	-9
	-8

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	MIMO (Dual TB)
	Qualcomm
	Throughput [kbps]
	4219
	6855
	9057
	10187
	4186
	6755
	8909
	10099

	
	
	Gain [%]
	-2
	8
	18
	23
	-2
	7
	16
	22

	
	NSN
	Throughput [kbps]
	
	
	
	
	4571
	6951
	9785
	11681

	
	
	Gain [%]
	
	
	
	
	5
	7
	16
	33

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	


Table 8.4: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	6973
	9234
	9924
	
	6973
	9234
	9924
	

	
	NSN
	
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	6173
	7575
	9862
	10089

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.8
	9.7
	13.3
	13.4

	CLTD
	Qualcomm
	Throughput [kbps]
	7159
	9344
	10033
	
	7038
	9238
	9934
	

	
	
	Gain [%]
	3
	1
	1
	
	1
	0
	0
	

	
	NSN
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	6178
	7586
	9886
	10090

	
	
	Gain [%]
	
	
	
	
	0.1
	0.15
	0.24
	0

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.8
	9.7
	13.3
	13.4

	MIMO
	Qualcomm
	Throughput [kbps]
	8932
	13845
	16955
	
	8577
	13395
	17030
	

	
	
	Gain [%]
	28
	50
	71
	
	23
	45
	72
	

	
	NSN
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	7784
	12742
	15481
	17399

	
	
	Gain [%]
	
	
	
	
	26.1
	68.2
	57.0
	72.5

	
	
	Average Rx Ec/No [dB]
	
	
	
	
	4.7
	9.7
	14.5
	18.9


Table 8.5: UE Throughput [kbps] as a function of Rx Ec/No: SIMO, UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Mode
	
	Unquantized PCI
	Quantized PCI

	
	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	Throughput [kbps]
	6168
	8069
	8922
	9205
	6168
	8069
	8922
	9205

	
	NSN
	
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	
	

	CLTD
	Qualcomm
	Throughput [kbps]
	5994
	7793
	8697
	9005
	5987
	7841
	8751
	9085

	
	
	Gain [%]
	-3
	-3
	-3
	-2
	-3
	-3
	-2
	-1

	
	NSN
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	MIMO
	Qualcomm
	Throughput [kbps]
	7769
	11580
	14312
	15735
	7763
	11532
	14281
	15790

	
	
	Gain [%]
	26
	44
	60
	71
	26
	43
	60
	72

	
	NSN
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	

	
	Ericsson
	Throughput [kbps]
	
	
	
	
	
	
	
	

	
	
	Gain [%]
	
	
	
	
	
	
	
	


In the simulations conducted, the scheduler chooses packet sizes that attempt to meet the RoT constraint. However, limited scheduling opportunities due to packet retransmissions along with effects of power-control and channel variations cause the instantaneous Rx Ec/No to have a distribution which may exceed the RoT constraint. In Table 8.6, the 90th percentile Rx Ec/No measured per pilot-symbol (256 chips) for different average Rx Ec/No values is shown for a (2x2) antenna configuration with a 2bit quantized phase only pre-coder for the PA3 channel. 
Table 8.6: 90th percentile RxEc/No [dB] as a function of the average Rx Ec/No [dB]

	90th percentile RxEc/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20

	CLTD
	Qualcomm
	7.2
	11.9
	16.7
	21.8

	
	NSN
	
	
	
	

	
	Ericsson
	
	
	
	

	MIMO
	Qualcomm
	7.2
	12.4
	18.3
	22.3

	
	NSN
	
	
	
	

	
	Ericsson
	
	
	
	


The following tables show the the average Tx Ec/No [dB] as a function of the average Rx Ec/No [dB].

Table 8.7: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	7.2
	12.3
	17.4
	22.4
	7.2
	12.3
	17.4
	22.4

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	6.9
	11.9
	16.7
	19.1

	CLTD
	Qualcomm
	4.2
	9.2
	14.4
	19.4
	4.9
	9.9
	14.8
	19.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	9.3
	14.1
	16.2

	MIMO
	Qualcomm
	4.3
	10.2
	15.6
	20.8
	5.0
	10.5
	15.8
	20.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.3
	10.3
	15.7
	20.6


Table 8.8: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x2); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	5.8
	10.8
	15.9
	20.9
	5.8
	10.8
	15.9
	20.9

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	

	CLTD
	Qualcomm
	4.2
	9.3
	14.2
	19.3
	4.5
	9.5
	14.5
	19.5

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	

	MIMO
	Qualcomm
	4.4
	10.1
	15.3
	20.3
	4.5
	10.2
	15.3
	20.3

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	


Table 8.9: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; PA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	6.0
	11.0
	16.0
	
	6.0
	11.0
	16.0
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	5.8
	10.7
	14.5
	14.5

	CLTD
	Qualcomm
	4.1
	9.2
	14.2
	
	4.5
	9.6
	14.5
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	3.9
	8.8
	12.5
	12.5

	MIMO
	Qualcomm
	5.1
	10.4
	15.4
	
	5.3
	10.4
	15.4
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	4.9
	10.1
	14.9
	19.3


Table 8.10: Tx Ec/No as a function of the average Rx Ec/No: UL CLTD and UL MIMO (2x4); Adaptive rank (1 or 2) selection; VA3 Channel; Unquantized PCI and Quantized PCI – 2 bit phase
	Average Tx Ec/No [dB]
	Unquantized PCI
	Quantized PCI

	
	Average Rx Ec/No [dB]
	Average Rx Ec/No [dB]

	
	5
	10
	15
	20
	5
	10
	15
	20

	SIMO
	Qualcomm
	5.4
	10.5
	15.5
	
	5.4
	10.5
	15.5
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	

	CLTD
	Qualcomm
	4.4
	9.4
	14.3
	
	4.5
	9.5
	14.5
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
	
	
	
	
	
	
	
	

	MIMO
	Qualcomm
	5.0
	10.1
	15.1
	
	5.1
	10.2
	15.1
	

	
	NSN
	
	
	
	
	
	
	
	

	
	Ericsson
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