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1. Introduction

At RAN#54 the Work Item on UL MIMO was agreed [1]. In the study item stage, some simulation methodology and results on UL MIMO were provided by many companies [2][3][4], and it was concluded that UL MIMO can provide gains in medium to high ROT . 

In this contribution, we present the simulation methodology, assumption and evaluation metrics for UL MIMO, which are captured in TR [5]. In addition, we discuss the implementation method for rate adaptation. 
2. Discussion
Based on the methodology described in Annex 5.1, rate adaptation for the secondary E-DPDCH may be implemented through two kinds of schemes. And in either scheme, the TBS termination for the primary E-DPDCH is the same, i.e. the legacy SG based scheduling scheme is used.
2.1. CQI based rate adaptation
Like Adaptive Modulation and Coding (AMC) in HSDPA, in order to keep BLER of the secondary stream at a certain level, a CQI-like table which contains the mappings between TBS and Ecp /No is used. TBS is the transport block size for the secondary E-DPDCH. Ecp /No is the chip-level SNR for the pilot channel DPCCH. The Ecp /No is required to meet 10% BLER after 1st HARQ attempt for a certain TBS. Therefore, a new CQI table should be introduced for rate adaptation. Generally, several TBSs are considered for a more accurate mapping. And the more TBSs are introduced, the more simulations are needed. Consequently, CQI based rate adaptation is complicated for implementation.
2.2. K-value based rate adaptation

K-value based rate adaptation is another method for secondary TBS determination. In this scheme, no new mapping is introduced, and the E-TFCI table from previous releases is adopted. The E-TFCI associated with the primary stream is determined based on legacy procedures using the grant. For the secondary stream, firstly, a ratio of the primary DPCCH Ecp /No and secondary DPCCH Ecp /No is estimated. Then based on  
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Finally the secondary TBS is found by looking-up in the E-TFCI table based on 
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3. Conclusions
In this contribution, we present the simulation methodology for UL MIMO. Two rate adaptation schemes are discussed. The evaluation methodology, simulation assumption as well as performance evaluation metrics from the TR [5] and shown here in the Annex are proposed.
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5. Annex
5.1. Simulation 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.

5.2. Simulation Assumptions 
The simulation assumptions for UL MIMO for HSPA are shown in Table 1. An asterisk (*) is used to indicate simulation cases of lower priority.
Table 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


5.3. Evaluation Metrics 

The following performance measures which are illustrated in [5] are readily 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
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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.
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