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1
Introduction

This document details the link and system simulation assumptions and metrics for the purpose of evaluating different design options for Four Branch MIMO Transmission for HSPA.
2

Link Simulations
2.1
Parameter Assumptions
A set of link simulation assumptions is shown in Table 1. While the values indicated in Table 1 can be considered to be a baseline assumption, the values of some of the parameters can be modified to evaluate other design options. Link simulations can be used for determining the design aspects of 4x4 and 4x2 operations.

Table 1: Link Level Simulation Assumptions

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-13dB
	If other values are simulated, the assumed values are to be indicated

	S-CPICH2 Ec/Ior
	-13dB
	

	S-CPICH3 Ec/Ior
	-13dB
	

	Dedicated Pilot channel

P-DPICH

S-DPICH
	As needed
	Details of the power setting of dedicated channels should be provided

	P-CCPCH_Ec/Ior
	-12dB
	

	SCH_Ec/Ior
	-12dB
	

	PICH_Ec/Ior
	-15dB
	

	HS-SCCH_Ec/Ior
	-12dB
	The HS-SCCH decoding can be assumed to be ideal.
Alternatively, the HS-SCCH power can be set dynamically to meet 1% target BLER

	HS-PDSCH_Ec/Ior
	-2.7dB
	OCNS fills up remaining power after HS-DPSCH power is specified

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	1. Balance of power 
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 of the Node-B is assigned to OCNS.

2. OCNS transmitted only on antenna 1.

	Spreading factor for

HS-PDSCH
	16
	

	NodeB Power Balancing Network
	To be specified
	Details of a power balancing network, if used, should be provided

	Modulation
	QPSK, 16-QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling.

	Number of Transport Blocks
	4
	Other values can be simulated and should be provided

	HSDPA Scheduling Algorithm
	CQI based
	The assumed mapping of CQI to TBS shall be provided.

	Geometry
	[0 5 10 15 20 25]dB
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	Other values can be simulated and should be provided

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	4
	

	HARQ Combining
	Incremental Redundancy
	If other combining methods are used, they should be indicated.

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16-QAM 
{6,2,1,5} for 64 QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2, 3, 4
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	SNR maximizing
	Details of the PCI determination shall be provided

	Quantization of Precoding vector
	Quantized
	Details of the PCI codebook shall be provided

	PCI/CQI Feedback delay
	12 slots
	See Section 2.2.7

	Precoding Feedback error rate
	0, 2%
	

	Precoder update rate
	3 slots
	

	Propagation Channel Type
	PA3
	See Section 4

	Channel Estimation
	Realistic
	

	Noise Estimation
	Realistic
	

	UE Receiver Type
	Spatial temporal LMMSE receiver
	

	Antenna imbalance [dB]
	0
	

	Tx Antenna Correlation
	0
	Other values may be simulated (e.g. according to 36.101 Annex B.2.3 or TR 25.814 SCM A-D)

	Rx Antenna Correlation
	0
	


2.2
Other Assumptions
2.2.1
Link Adaptation

The scheduled transport blocks are based on the reported CQI and the rank information from the UE. The mapping of the received pilot SINR to the CQI and the TBs should be provided. The rank and the precoder choices are updated to maximize the received SINR at the UE.

2.2.2
Precoding Codebook

The LTE 4x4 codebook specified in 36.211, Table 6.3.4.2.3-2 is assumed as the baseline. Other codebooks such as the one proposed in [4] can be compared against the baseline. 

2.2.3
Pilot Design

Four common pilots with Ec/Ior [-10, -13, -13, -13] dB are assumed as the baseline. Other power levels can be simulated as well including the gating of the secondary pilots. The performance with dedicated pilots can be compared against the baseline.
2.2.4
Layer Mapping

The following mapping is assumed to be the baseline:

· 2 Transport Blocks of equal size are concatenated and mapped to one codeword

· One codeword is mapped to a maximum of 2 layers

· A single MCS table is used for one codeword

· A single CQI and HARQ ACK is reported for a codeword
Other layer mapping schemes can be simulated and the performance compared against the baseline.
2.2.5
UE Receiver

A MIMO capable LMMSE Receiver is assumed as the baseline. Other receiver types (eg., SIC receiver) can also be simulated and should be described if used.

2.2.6
Antenna Models

Spatially separated antennas with zero correlation can be considered as the baseline. X-pol antenna arrays such as the one motivated in [4] can also be considered. Antenna correlation models are based on 36.101 Annex B.2.3. 

2.2.7
PCI/CQI Feedback Delay

An example of 12 slot PCI feedback delay is illustrated in Figure 1. 
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Figure 1: 12 slot PCI feedback delay
3
System Simulations

3.1
Parameter Assumptions 

A set of system simulation parameters is listed in Table 2. Other values may be used as well but should be clearly stated if such is the case. System simulations can be used to evaluate the impact of a particular MIMO scheme on the performance of legacy users.
Table 2: System Simulation Assumptions
	Parameters
	Assumption

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B 
Optional: Hexagonal grid, 7 NodeBs, 3 sectors per Node B, Isolated cell (hotspot)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

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

	Penetration Loss
	10 dB

	Cell isolation
	6dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m

	Max BS Antenna Gain
	14 dBi 

	Antenna Pattern
	Case 1 (3GPP ant):                                                     
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                                           = 70 degrees,   Am= 20 dB

Case 2 (3D ant; Optional): Custom antenna (e.g. Kathrein 742212) with 10 degrees down tilt                                                     

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

	Channel Model
	PA3; See Section 4

	Max cell Tx power (across all antennas)
	43dBm

	Power Balancing
	There is no restriction in the power available for HS-PDSCH transmissions.

If a power balancing network is used, the details of the network shall be provided.

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

	HS-SCCH Power
	Set to -12dB with ideal HS-SCCH decoding, or 

Dynamically set to maintain ~1% HS-SCCH BLER; In this case, the details of the transmission of the HS-SCCH (e.g, STTD mode) shall be provided.

	Pilot Setting
	P-CPICH: -10 dB 

S-CPICHs: To be described

Dedicated pilots: To be described

	HS-DPCCH 
	CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std
CQI Feedback Cycle = 1 TTI;
Error-free CQI and ACK decoding; Errors in the CQI and ACK/NACK decoding can be optionally simulated – details shall be provided.

	PCI/CQI Feedback delay
	12 slots

	Inter-cell Interference Structure
	To be described

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Capability
	15 SF16 codes capable

	UE Receiver Type
	MIMO UEs: Spatial-Temporal LMMSE receiver; Capable of receiving up to 4 streams of data. 

Legacy UEs: Type 2, Type3 and Type 3i with realistic C/I estimation

	Other Sector Transmit Power
	If OCNS=1, all other sectors always transmit at full power; or 
If OCNS=0, other sectors transmit at full power only when they have data. 

	DL Timing
	Pilot and data transmission from all antennas are assumed to be synchronized

	UE Distribution 
	UEs are uniformly distributed

	Mixture of UEs
	100% 4Tx capable UEs, 

70% 4Tx capable UEs,

30% 4Tx capable UEs,

	Thermal Noise Density
	-174 dBm/Hz

	Traffic model
	Full buffer

	DL Scheduling
	Proportional fair

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0 but other values can be simulated (e.g. according to 36.101 Annex B.2.3 or TR 25.814 SCM A-D)

	Rx Antenna Correlation
	


4
Propagation Channel Model
Table 3 shows channel models that are used for link and system simulations.
 Table 3: Propagation Conditions for PA3

	ITU Pedestrian A Speed 3km/h (PA3)

	Relative Delay [ns]
	Relative Mean Power [dB]

	0
	0

	110
	-9.7

	190
	-19.2

	410
	-22.8


5
Performance metrics of interest
The link simulation metrics to be provided are:
· Throughput in kbps, averaged over the duration of the simulation for specific Geometries at the UE.
· Total pilot transmitted power averaged over the duration of the simulation.
· Receive pilot Ec/No averaged over the duration of the simulation.
· Rank Distribution

· CQI Distribution per layer
· BLER Statistics per transport block
For the system simulations, the metrics to be provided are:
· Average sector throughput for different user densities
· Normalized and un-normalized user data rate distribution (CDF)

· User data rate gain at different user data rate percentiles
· Legacy user data rate distribution (CDF)

· User data rate distribution for UEs in soft-handover
· Average user throughput as a function of average sector throughput
6
Conclusions
A set of link and system level simulation assumptions are provided for the evaluation of Four Branch MIMO design options. It is proposed that these simulation assumptions are adopted as a baseline for further simulation study in RAN1.
7
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