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Discussion
1. Introduction
The recently started Work Item on “Four Branch MIMO transmission for HSDPA” is supporting operators’ effort to manage rapidly growing broadband traffic in their HSPA networks. Four branch or 4Tx MIMO transmission offers better spectral efficiency and, theoretically, doubles the peak data rate. In this paper, we are providing initial results on how the new four branch MIMO scheme can influence a system level performance.
2. Simulation setup
The system level simulations model a 19 macro-site 3-sector hexagonal grid. Only one UE was assumed in one of the central sites (Figure 1). All other cells are assumed to operate at full load, i.e. maximum interference. The channel between UE and NB is modelled by the PedA or VehA channel model for a 5MHz bandwidth (one carrier). The user is quasi-static, i.e. the position of the UE does not change but for the channel model a speed of 3km/h is assumed. As a consequence there are no handovers and cell reselection procedure simulated. 
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Figure 1 UE deployment example
For the results below, 4 common pilots are transmitted to estimate the channel and to calculate the CQI for the feedback channel (HS-DPCCH). The pilot power distribution is flexible and is characterized by a pilot power vector where each element of the vector defines the power of the corresponding pilot, e.g. [2 1 0.5 0.5] means that we have 2W, 1W, 0.5W and 0.5W for the 1st, 2nd, 3rd and 4th pilot, correspondingly. In the simulation, we use a type3 (MMSE receiver) receiver and utilize all 15 codes assigned to only one UE. The feedback channel is assumed to be ideal with 0ms delay of CQI reports and also ideal C/I estimation. The maximum number of streams for our simulations varies from one stream up to four streams. 
3. System level simulation results
Figure one, shows some initial performance results of the previously described scenario. It can be seen that already with non optimized parameter settings a decent performance gain is achieved. With further optimization of e.g. codebook, pilots etc, the gains are expected to be larger. It should also be noted that the interference assumptions are rather pessimistic. Less pessimistic scenarios would lead to a greater ability to take advantage of spatial multiplexing.
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Figure 2: Average throughput comparison of 1, 2 and 4Tx antenna systems
4. Conclusion
With an increase demand for broadband data availability, operators are looking for ways to efficiently increase already existing radio resources. In addition, more and more new devices are becoming available where part of them can be classified as highly integrated devices equipped with the newest available Rx/Tx technologies. As there is already in the LTE specification a 4Tx MIMO technique available, introducing 4Tx MIMO into HSPA technology is a consistent way of developing the standard. 
From our results it is visible that increasing number of Tx antennas brings the benefit of higher data rate for UE when comparing it to MIMO2x2. For that reason we support evolution of existing MIMO toward 4Tx MIMO solution.
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Appendix A: simulation assumptions
Table 3 Simulation Assumption

	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19 sites, 3 sectors per site 

	ISD [m]
	500

	Frequency [MHz]
	2000

	Number of UEs per sector
	1 

	UE noise figure
	9dB

	Max NB Tx power
	20W

	Pilots
	[ 2W, 2W, 2W, 2W ] ([ 1st, 2nd, 3rd, 4th ]

	
	[ 2W, 2W ] ([ 1st, 2nd ]

	
	[ 2W ] ([ 1st ]

	Channel Model
	PedA

	UE velocity [km/h]
	3

	UE Receiver Type
	Type 3 (MMSE)

	C/I estimation
	Ideal

	UE capability
	15 codes

	Traffic model
	Full buffer

	UE antenna gain
	0dBi

	Path loss model
	15.3 + 37.6*log10( d )  with d in m


