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This document provides detailed simulation assumptions for the evaluation of DL OL SU MIMO and DL CL MIMO codebooks and codebook-based feedback mechanisms. The assumptions follow the 802.16m Evaluation Methodology Document [1], with the addition of details relevant to the evaluation of codebooks.
References 

[1] IEEE 80216m-08/004r4, “802.16m Evaluation Methodology Document”
[2] IEEE 802.16m-07/002r7, “802.16m System Requirements”
[3] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 80216m-08/050, “Amendment Working Document”
Open loop SU MIMO Link-Level Simulation Assumptions
Link level (BLER vs. SNR) without user scheduling should be provided for comparisons of open-loop codebooks.
Vertical encoding with non-adaptive precoding and 1 to 4 streams is assumed without link adaptation.

The simulations parameters are included in table 1.
Table 1, OL SU MIMO LLS Assumptions
	OFDM parameters
	10 MHz (1024 subcarriers)

	Number of OFDM symbols per subframe
	6

	Data burst size
	The burst size is assumed to be:

· Miniband-based CRU with N2=1 (mandatory)
· 4 RUs distributed over 48 PRUs
· DRU (mandatory)
· Case A mandatory (4 RUs): subcarriers distributed over 24 distributed PRUs
· Case B optional (4 RU): subcarriers distributed over 8 distributed PRUs. This case is for modeling 4 FFR partitions.
Defintions of DRU, CRU and miniband are available in [4].

	Permutation
	DRU and miniband-based CRU

	Number of total RU in one subframe
	48

	AoD
	-60 : 60, random select for each snapshot
No constraint in uncorrelated channel

	Number of Antennas
	2 transmitter, 2 receiver [2Tx, 2Rx] (for rates 1 and 2)

4 transmitter, 2 receiver [4Tx, 2Rx] (for rates 1 and 2)
4 transmitter, 4 receiver [4Tx, 4Rx] (for rate 3)

	Antenna configuration
	Uniform linear array (ULA) (mandatory)
Split Linear Array (optional), Dual Polarized Array (optional)

	Modulation/Coding
	QPSK 1/2 (priority), 16QAM 1/2 with LTE FEC
8 Turbo decoding iterations

	Channel model
	1. Uncorrelated (ULA 10 lambda 15 degree AS)
· Modified Veh A 30 km/h (mandatory)
· Modified Ped B 3 km/h (optional)
· Modified Veh A 120 km/h (optional)
2. Semi-correlated (ULA 4 lambda 15 degree AS) 

· Modified Veh A 30 km/h (mandatory)
· Modified Ped B 3 km/h (optional)
· Modified Veh A 120 km/h (optional)
3. Highly correlated (ULA 0.5 lambda 3 degree AS)

· Modified Veh A 30 km/h (mandatory)
· Modified Ped B 3 km/h (optional)
· Modified Veh A 120 km/h (optional)
Modified Ped B and modified Veh A are defined in section 3.2.9 of IEEE 802.16m-08/004r3. The baseline scenario has 3 km/h (60%), 30 km/h (30%), 120 km/h (10%).

	Channel estimation
	MMSE channel estimator (Wiener filter) is assumed, and the r.m.s. delay of channel model is assumed to be known. There’s no unbiased operation. No pilot boosting. Channel estimation is done within one PRU over precoded (dedicated or shared) pilots.

	MIMO transmission scheme
	SM + open-loop precoding with 1, 2, 3 or 4 streams

	MIMO detector
	MRC for rate 1 scheme

LMMSE (for ranks 2, 3 and 4)
MLD for SM with precoding with rank 2 (optional)

	Scenarios
	1. Noise limited (mandatory LLS)
2. Interference limited (optional LLS or SLS is TBD)


Detailed description
· Permutation
The burst size is assumed to be data sub-carriers contained in four PRUs.

For LDRU (DRU = tone-based LDRU, miniband-based CRU = PRU-based LDRU), because the outer permutation and sub-channelization have not been finalized in 16m, a uniform distribution of LDRU is used, as Figure-1 (a) and (b) show. With the use of modified-PedB and modified-VehA models of EMD section 3.2.9 there is no periodic behavior of the fading in the frequency domain, so a uniform distribution should be the same as a random permutation.
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Figure-1 (a)
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Figure-1 (b)
For subband-based CRU (LLRU), direct mapping to PRU is assumed, as Figure-2 shown.
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Figure-2

· MIMO detection

For noise-limited case, the MMSE MIMO detection algorithm is described in section 4.4.4 of IEEE 802.16m-08/004r3: “IEEE 802.16m Evaluation Methodology Document (EMD)”.
For interference-limited case, instead of knowing interfering channel perfectly, the single –PRU or two-PRU level averaged interference power is used. The algorithm to estimate PRU-level averaged interference power is described below.
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The unbiased MMSE detection is assumed.
· Usage of dedicated (or shared) pilots

Dedicated pilots are precoded. Dedicated pilots may be shared by several users, as long as these users use the same precoder. Non-interlaced pilots are assumed. 

For dedicated pilots, the pilot pattern A of Figure 40 in [2] is applied at the BS with MIMO transmissions with 1 or 2 streams, and the pilot pattern B of Figure 42 in [2] is applied at the BS with MIMO transmissions with 3 or 4 streams. Within one PRU, the pilot streams used for pilot transmissions have index smaller than or equal to the maximum number of MIMO streams (Ns) among all the users that are allocated tones within that PRU. Other pilot streams are allocated to data.
Case A: no pilot boosting (mandatory)
Assume on average the total transmit power over all transmit antennas on each data tone is unit power. “No pilot boosting” means that the total transmit power over each pilot tone must be unit power, as well. For common pilot case, for each pilot tone, only one Tx antenna is activated. The magnitude of the pilot is unit. For dedicated pilot case, for each pilot tone, only one pilot stream is activated. The magnitude of the pilot is unit.
To guarantee the total transmit power over each data tone is unit power, the QAM constellations and SFBC or SM codes must be normalized. In addition, the precoder matrix must not boost the pilot and data tones. If the precoder matrix is
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· Power Normalization
1- The average power of the constellation points is unit power: 
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2- The SFBC or SM codes are normalized as follows:

a. 
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b. 
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3- If 
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is a precoder matrix then
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4- The magnitude of an active pilot stream is unit before precoder.

· Calibration Scenario
· Noise-limited scenario: BLER vs. SNR
· The SNR definition is per-subcarrier Es/No, where Es is defined based on the total transmit power of all transmit antennas divided by the number of used subcarriers
· SM rate 2 in 2x2 with vertical encoding using 2 stream pilot pattern (non-boosted pilots)
· Fixed precoder is the identity matrix
· DRU with 4 uniformly distributed PRUs over 10 MHz
· 1 PRU channel estimation
· Common (non precoded) pilots
· Modified Veh A 30 km/h
· Uncorrelated channel (ULA with 10 lambdas spacing and 15 degrees angle spread)
· QPSK ½ 
· MMSE receiver
CL MIMO Codebook Simulation Assumptions
   To evaluate CL MIMO codebook, SLS result should be provided, which should follow the EMD, and the assumption is specified in Table2. And the detailed parameters are listed in Table 3.
Table 2, Assumption for CL MIMO codebook evaluation.

	Assumption
	Notes

	Proposed codebook for evaluation
	Cf proposals

	Number of Antennas
	2 transmitter, 2 receiver [2Tx, 2Rx]

4 transmitter, 2 receiver [4Tx, 2Rx]

4 transmitter, 4 receiver [4Tx, 4Rx] (optional)

	Antenna configuration
	ULA: 0.5 lambda; 4 lambda, 10 lambda
Split Linear Array (optional), Dual Polarized Array (optional)

	MIMO Scheme
	1. Closed-loop single user with dynamic rank adaptation
Wideband rank feedback every 5 ms.
2. Zero-forcing multiple user MIMO
Schedule from 1 to 2 users dynamically based on the same rank-1 PMI feedback. No SU/MU mode adaptation.
Scheduling 1 to 4 users is optional.

	Channel Model
	Modified Ped-B 3km/h (mandatory)
Ricean Channel (optional)

	Channel correlation Scenario
	1. Uncorrelated Channel : Zero Correlation 

2. High correlated channel: 0.5 lambda antenna spacing, angular spread of 3 degree

	PAPR
	1. Check the PAPR CDF of SU and MU MIMO schemes 

2. Check performance when limit the PAPR (optional, methods described in App. C)

	Antenna Calibration
	1. Ideal antenna calibration (mandatory)

2. Uncalibrated antennas (optional)

· Random phase model to be provided by proponents


Table 3 SLS parameters
	Parameter
	Assumption

	OFDM parameters
	10 MHz (1024 subcarriers)

	OFDM symbols per subframe
	6

	Permutation
	Localized

	Number of total RU in one subframe
	48

	Scheduling Unit
	Whole band (48 PRUs)
12 subbands

1 subband = 4 consecutive PRUs
1 PMI and 1 CQI feedback per subband

	Number of RU

for PMI and CQI calculation
	4 which is same as in IEEE 802.16e

	CQI, PMI feedback period
	Every 1 frame (5ms)

	Feedback delay
	1 frame (5ms)

	Link Adaptation
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6

	HARQ
	Chase combining, non-adaptive, asynchronous. HARQ with maximum 4 retransmissions, 4 subframes ACK/NACK delay, no error on ACK/NACK.
HARQ retransmission shall occur no earlier than the eighth subframe after the previous transmission.
Proponents should provide details about their own implementation of MU MIMO scheduling in HARQ retransmissions.

	Scheduling
	No control overhead, 12 subbands of 4 PRUs each, latency timescale 1.5s

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Data Channel Estimation
	Perfect data channel estimation

	Feedback Channel Measurement
	Perfect feedback channel measurement
Link level simulations may be used to show the effect of imperfect channel measurements on reference and/or demodulation pilots.

	Cellular Layout
	Hexagonal grid, 19 cell sites, wrap-around, 

3 sectors per site

	Distance-dependent path loss
	L=130.19 + 37.6log10(.R), R in kilometers

	Inter site distance
	1.5km

	Shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Users per sector
	10 (EMD)

	Scheduling Criterion
	Proportional Fair (PF for all the scheduled users)

	Feedback channel error rate
	1% and 10% erasure rate PMI and CQI 
Erasure rate shall be modeled for the standard mode, adaptive mode, and differential mode. The proponents should specify how to handle the erasures.


Power Amplifier Constraints on Precoding

Refer to Appendix A. 
Appendix A: Details of PAPR Modeling (informative)
No consensus could be reached on a single method to model the effect of PAPR on codebook performance. The following text has been developed in the progress of the discussions. The two colours used in the text emphasize the two approaches that have been proposed.
Power Amplifier Constraints on Precoding

Each transmit antenna has its own power amplifier and power constraint. Precoding will have two effects:

1. Statistical impact on the PAPR at each transmit antenna

2. Instantaneous impact on the peak power imbalance among each transmit antennas

[The 1st effect is important for considering the power imbalance problem. Because the more imbalance will introduce more PAPR, and then have higher requirement for PA design (higher cost). 

We can consider the imbalance problem in two aspects

   1. Cost aspects: Higher imbalance scheme require high back-off PA (high cost), so how much more back-off is required is essential for compare schemes.

2. Performance aspect: we can use the common back-off used in current Wimax PA to evaluate the distortion (clipping + filter) of different precoding schemes, and check the degradation. 

We think the first one is important, if one schemes has much higher PAPR than the others, then it will have trouble for PA design (high cost, low power efficiency)

]

The first effect is traditionally characterized by studying the CDF of the PAPR across frequency and time in a long-term averaging sense. It is used to determine the power back-off required to keep the signal distortion to acceptable levels.

The PAPR can be calculated as follows: At each Tx antenna in the time domain, the peak power within each OFDM symbol is divided by the average power (across enough long time). The CDF is drawn for all the samples (each transmit antenna and each OFDM symbol). 99% CDF of the PAPR can be used for the comparison of the impact of codebooks on PAPR.

The second effect is characterized by the peak power at each transmit antenna across 1 subframe (or the maximum length of time during which the precoders are constant). The main issue is the average power difference among antennas measured during 6 symbols. The procedure to model the impact on the throughput in the simulations is given below.

The following is the procedure for evaluate the PAPR issue. Assume that the transmit power constraint is the same for all antennas: Pcon(n) = Pcon, where n is the antenna index.

1. Calculate the average power for 6 time domain signal for each antenna: Pcal(n), n means the antenna index

2. Compare the average power in (1) with the antenna transmit power constraint.

3. If Pcal(n)> Pcon
a. Clip the average power to Pcon, or

b. Scale down each antenn to meet Max(Pcal(n)) = Pcon.
Method 3.b is used in this evaluation document.


[image: image14]
[The model of second effect is not correct, because

a. From OFDM MIMO’s point of view, the instantaneous power is always imbalanced (average length shorter than one OFDM symbol), and the RF don’t know the boundary of subframe, why use one subframe as the window to average the power?

b. Scale down the average power will reduce the total Tx power from BS, however the total Tx power should be the same in the simulation.

c. RF module don’t have such function to clip the average power within 6 OFDM symbol, only some time domain samples will be clipped because of PAPR.

   We suggest to model the PA with clipping + filter to take the imbalance into consideration. One solution is showed as following, but it’s a little complicated. Only if we see large PAPR different in the first effect, we need to do the performance check.

In SLS, because no real data is modulated, a noise factor N_d is introduced to model the distortion from clip.

The procedure is as following

1) in each subframe, after scheduling and MCS decision, we know the precoder for each PRU.

2) Modulate random data into the OFDM symbols with the selected modulation type and precoder.

3) IFFT the modulated data into time domain.

4) Clip the time domain samples which are higher than the required PAPR.

5) Restore the time domain samples into frequency domain.

6) Calculate the variance of the restored signal with the original one.

7) N_d is the variance per subcarrier, and it can be used to model the distortion from PAPR clip.

        In the PAPR evaluation, 10dB, 12dB and 14dB PAPR requirement can be assumed.

]
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Total power limitation





Per antenna peak power limitation





Sum power is limited to 20W





Per-ant power limited to 5W
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