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1 Introduction

At RAN#53 a new work item on 4-branch HSDPA MIMO was approved [1]. In this contribution we discuss some aspects regarding the simulation framework to be used for evaluating 4-branch MIMO performance.
2 Discussion
To have a fair comparison between results from different companies it would be beneficial to agree on a basic simulation framework to be used for evaluating the performance of 4-branch MIMO. Needless to say, this framework will depend on many design aspects which are still open. Examples of such design options are number of codewords and layer mapping, the pilot design, and the pre-coding framework. Nevertheless, it is good to already now discuss and agree on a few high level simulation assumptions. Note that this contribution mainly concerns the simulation framework used for HS-PDSCH performance, and does not cover possible control channel simulation frameworks.
One fundamental question is whether we should consider link or system simulations for the performance evaluations. In our opinion most aspect are most straightforward to evaluate using link level simulations. There may, however, be some aspects that are better handled using system simulations, for example system/legacy impact of 4-branch MIMO. Hence, both link and system simulations will be needed to evaluate 4-branch MIMO.
In the following sections we will discuss a few general simulation assumptions. A summary of the system and link simulation assumptions are given in Section 5 and Section 6, respectively.
2.1 Physical Channel Layout

To support 4x4 MIMO operation more pilot channels are needed, both for demodulation and channel sounding purposes. Two main alternatives have been discussed; common pilots or dedicated pre-coded pilots (see e.g. [3]). Other discussions that may impact the physical channel layout are the maximum number of supported codewords and layer mapping, and the precoding framework.
Irrespectively of the outcome of the design discussions, flexibility and power settings of the physical channels, and in particular the pilot channels, will become important. For example one can envision different power offsets between different pilots, as well as the possibility to gate sounding pilots.

Before we have an agreed decision regarding the physical channel layout companies are encouraged to describe all assumptions regarding the pilot design and the codewords to layer mapping methodology.
2.2 Link Adaptation

In essence two different link simulation approaches can be envisioned; either using fixed reference channel (FRC) simulations or using more dynamic simulations by means of link adaptation. While many aspects become simpler using FRC simulations it is questionable whether we capture all relevant aspect with this approach. Hence, we propose to use dynamic simulations by means of link adaptation as a baseline. A simple link adaptation framework would consist of 

· Rank and the pre-coder choices are dynamically updated in order to maximize the received SINR.

· Transport block sizes are chosen by means of a SINR-to-rate look-up approach. Details should preferably be described, e.g. CQI tables, and feedback delays and error probability.
2.2.1 Precoder Framework
The precoder framework (codebook etc) is FFS and will for instance depend on the agreed pilot structure, i.e. common pilots or dedicated pre-coded pilots. Irrespectively of the outcome of that discussion it would be good to have UE reference pre-coder and rank control schemes. We propose to choose the rank and the pre-coder that maximizes the received SINR. A baseline assumption regarding the PCI & rank update rate is once every TTI. 

Other aspects to investigate include impact of different PCI feedback delays and PCI update rates.

2.3 Channel and antenna models
MIMO gains can mainly be expected in favourable radio environments with high SNRs, low Doppler, and low dispersion. This influences the choice of channel models. Another aspect is that the channel model choice is coupled with the pre-coder design. For example, in [2] it was argued that a two column array with dual polarized elements is a promising antenna setup for 4-Tx HSDPA in practical deployments.
As a baseline we propose to use the traditional PA3 channel model. Obviously we need to consider the case with 4 receive antennas (for peak-rate 4x4 MIMO), but the cases with 1 or 2 receive antennas should also be evaluated. Additionally one could consider other channel aspects, such as low Doppler scenarios e.g. PA0.1, and antenna correlation. The exact Tx and Rx antenna correlation could be discussed, but one particularly interesting scenario is to model the Tx antenna correlation based on the two column array with dual polarized elements, see [2] and Figure 1 below. This scenario could be modeled using a block diagonal correlation matrix
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where R1=R1 (() describes the coupling between elements within each polarization
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As further options other aspects such as other channel models, alternative correlation/antenna models, and antenna imbalances could be considered.
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Figure 1: Dual column cross polarized antenna setup.
2.4 Receiver
We propose to use a simple MIMO capable LMMSE receiver. As mentioned previously we will consider 1, 2, or 4 receive antennas. Investigations employing more advanced receiver types, e.g. SIC, are optional. Also it could be of interest to investigate the 4-branch MIMO impact on legacy users depending on what receiver type legacy users employ, e.g. Rake or MMSE. 
Both realistic and ideal channel estimation could be considered. In particular it could be of interest to see how the performance is affected by pilot power settings and the possibility to do channel estimation filtering over several slots. Needless, to say, this will depend on the pilot design which still is an open question.
2.5 Feedback error models

Optionally one could consider the performance impact of different feedback delays and errors, e.g. PCI, rank, CQI. In such case it is proposed to use simple error models and appropriate values needs to be discussed.
2.6 Performance metrics
2.6.1 System simulations

From the system simulations it is of interest to evaluate the increase in average and cell-edge spectral efficiency enabled by 4-branch downlink MIMO. Furthermore, the impact on legacy users is of interest. Typical performance metrics include:
· Average sector throughput as a function of average sector throughput;

· 5th percentile user throughput as a function of average sector throughput.

2.6.2 Link simulations
Typically we would run simulations for a number of geometry factors (
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levels), and compare the results for different simulator settings. In particular it is of interest to compare the gains of using 4-branch MIMO with 2-branch MIMO. A few relevant performance metrics are listed below:

· Throughput. Make sure to monitor the BLER to have a reasonable residual BLER;
· rank distribution; 
· PCI distribution;

· CQI distribution;

· beamforming gains
3 Conclusions
In this document we have discussed various aspects of the simulation framework used to evaluate 4-branch MIMO.
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5 Appendix A – Basic Link Level Parameters
In the table below we summarize some of the proposed link level simulation assumptions.

	Parameter


	Assumption

	Pilot structure
	To be specified

	Pilot power
	To be specified

	Number of codewords & layer mapping
	To be specified

	HS-DSCH Ec/Ior
	Varying (dependent on pilot structure)

	Geometry (Îor/Ioc)
	Varying

	TBS table
	To be specified

	Modulation
	Max 64QAM

	Receiver structure
	Type 3i (MIMO capable LMMSE) 

	Number of UE antennas
	2 and 4

Optional: 1

	Channel estimation
	Ideal and realistic

	Searcher
	Ideal

	Propagation channel types
	Baseline: Ped A 3km/h 

	Tx and Rx antenna correlation
	To be specified

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	Precoding codebook
	To be specified

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 2 ms (1 TTI)


6 Appendix B - Basic System Level Parameters

In the table below we summarize the proposed system level simulation assumptions.

Table 1: System Simulation Assumptions for MP-HSDPA

	Parameters
	Assumption

	Cell Layout
	Hexagonal grid, 7 cell sites, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration Loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	17 dBi 

	Antenna Pattern
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Mandatory: 

                                                                      = 70 degrees,

                                                                 Am = 20 dB
Optional: 

  (3D ant) Kathrein Antenna Pattern with 10 deg downtilt

	Number of UEs/cell
	0.1, 0.5, 1, 2

	Channel Model
	SCM-suburbanmacro

PA3

	Max cell Tx power
	80 W

	Power Balancing
	Ideal

	HS-PDSCH Power
	HS-PDSCH uses all remaining power available after the HS-SCCH and pilot power allocation.

	HS-SCCH Power
	Dynamically set to maintain ~1% HS-SCCH BLER

	Pilot Setting
	P-CPICH: -10 dB 

S-CPICHes: To be described

Dedicated pilots: To be described

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Receiver Type
	4-bransch capable UEs: Type3i

Legacy UEs: To be described

	UE Distribution 
	UEs uniformly distributed

	Thermal Noise Density
	-174 dBm/Hz

	Traffic
	Full buffer

	DL Scheduling
	Proportional fair


� EMBED Equation.3  ���
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