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1. Introduction

This document specifies detailed link simulation assumptions and metrics for the purpose of evaluating performance gains of uplink MIMO [1].
2. Link Simulation Assumptions
The link simulation settings of uplink MIMO are shown in Table 1. An asterisk (*) is used to indicate simulation cases of lower priority. Many of the simulation assumptions are similar with the study on closed loop transmit diversity (CLTD) captured in [2]. For the sake of measurement of high data rate traffic H-ARQ operating point of 10% BLER after 1 attempt is used, and an advanced receiver is applied as well. Any approach applied to compensate the impact of phase discontinuity shall be described in the assumptions. 
Table 1 link level simulation parameters
	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	Variable based on Node-B Scheduler

	Modulation
	16QAM for TBS ≥ 8105, QPSK otherwise

	Number of physical data channels and spreading factor
	During dual stream transmission: 2xSF2+2xSF4
Otherwise: Based on TBS and rate-matching parameters PL_max=0.33, PL_non_max=0.66

	∆T2TP[dB] (ratio of primary E-DPDCH power to power of phase reference for primary stream)
	10 

	20*log10(βec/βc) [dB]
	TBS specific [see section 2.1]

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	1 (i.e., 0dB)

	Number of H-ARQ Processes
	8

	Maximum Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after 1 H-ARQ attempt

	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)

	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 %

	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 Codebook Size
	To be described

	Precoder Feedback Error Rate
	To be described

(e.g. Ideal, 4 %, …)

	Precoder Feedback Update Rate
	To be described

	Precoder Feedback Delay
	To be described

	Scheduling Delay
	3 slots


2.1 Scheduler tables
The scheduler measures the post-equalizer data symbol SNR on each of the two MIMO streams, converts them to pilot chip SNR by dividing by the ∆T2TP and spreading factor, and then maps them to an appropriate TBS using a look-up table. The table we use is a linearly interpolated version of Table 1 below. Table 1 is derived offline based on running a SIMO link simulation in AWGN with 2 receive antennas, ∆T2TP=10dB and power control turned off , for each of the transport block sizes listed in Table 1; and logging the true DPCCH (pilot) SNR required to meet 10% BLER after the 1st HARQ attempt. For the case of 4 receive antennas, the required Ecp/No values are lowered by 3dB with respect to the values in Table 1. Due to the nonlinear dependence of the post-equalizer SNR on the ∆T2TP and spreading factor in the MIMO case, the choice of the ∆T2TP and spreading factor can influence the computation of the pilot chip SNR that is mapped to TBS using the table. We use the same ∆T2TP that is used for all the payloads in the simulation, and use spreading factor=2, since MIMO always uses the 2xSF2+2xSF4 spreading factor.

Table 1: Ecp/No required for 10% BLER after 1 HARQ in AWGN, 1x2 Rx, ΔT2TP = 10 dB

	TBS [bits]
	Ecp/No [dB]

	120
	-25.6

	1593
	-15.8

	2856
	-13.4

	4913
	-11

	6859
	-8.8

	8105
	-7.4

	9985
	-6

	11316
	-5

	15798
	-1.8

	19462
	-0.8

	22995
	7.4


When power-control is active, E-DPCCH boosting is required to prevent high DPCCH setpoints for high TBS. The boost amount as a function of TBS is also derived using Table 1. The lowest TBS in the table (=120) is assumed not to be boosted. Thus, boosts for the remaining TBS can be determined as 10*log10(1+EdpcchC2P(TBS)) = EcpNo(TBS)-EcpNo(120), where EcpNo(TBS) is given by the linearly interpolated version of Table 1. 
2.2 Pilot channel design

The assumption of pilot structure is that DPCCH has same precoding vector as the control and primary data channels. The secondary DPCCH, and during dual stream transmission, the secondary E-DPDCH, have the orthogonal precoding vector. This is to align it with the pilot structure used for CLTD.
2.3 Baseline

Similar with the discussion on CLTD in [2], the baseline is single-antenna transmission technique. Performance gains with respect to the baseline should be shown both for MIMO and CLTD, to verify that MIMO does not lose the CLTD gain.
2.4 Multipath fading propagation conditions
For the sake of alignment of channel modelling, Table 2 shows propagation conditions that are used for performance measurements in multipath fading environment [3].
Table 2: Propagation Conditions for Multipath Fading Environments of PA3 and VA30
	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


2.5 Definition of feedback delay

An example of 3 slots feedback delay is illustrated in Figure 1. 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 n-1 are used to compute new TBS which are scheduled at slot n+2, the scheduling delay is said to be (n+2)-(n-1)=3.
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Figure 1: An example of 3 slots feedback delay
3. Performance Metrics
The following performance measures are used when evaluating the link level simulations:
-
Transmitted Ec/No.
-
Received Ec/No.
-
Average throughput during the simulation
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: image5.wmf]d

set always to zero.
4. Conclusion
In this contribution, link level simulation assumptions and metrics were described for evaluating the performance of uplink MIMO.
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