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1. Introduction

In this contribution we present a set of downlink full buffer performance results for the ITU test environments. Results are presented for 4x2 Rel’8 SU-MIMO with rank adaptation. The purpose of presenting such results is to first check which additional features are needed on top of Rel’8 for fulfilling the targets. We furthermore comment on the additional techniques that we are considering for fulfilling the targets.  
2. Simulation setup
Simulations are conducted according to the guidelines in [1] with the default parameters listed in Table 1. A 4x2 antenna configuration is assumed, with low correlation between antenna elements. Rel’8 SU-MIMO with Rank adaptation is simulated, assuming standard proportional fair type of scheduling. The path loss and wideband SINR statistics from the simulated ITU cases match that of other companies [3]. 
Table 1 Default assumptions for the downlink simulations.
	Description
	Setting

	Antenna configuration
	4x2 with 4-wavelength spacing at the eNB

	eNB antenna 
	3-Dimensional antenna pattern with the following tilt values:
UMi: 12deg
UMa: 12deg
RMa: 6 deg
InH: N/A

	CQI and PMI settings
	3-PRB sub-band resolution. 
Zero mean Gaussian error with 1 dB SINR std for CQI. Quantized to 4-bits, i.e. 1.6 dB SINR resolutions.
PMI code-books according to TS36.213.
2 ms reporting interval.
6 ms reporting delay.

	DL L1/L2 control channel overhead
	3 OFDM symbols per TTI

	RS overhead
	According to 36.211, i.e. approximately; 12% for 4-Tx antennas.

	HARQ
	8 SAW channels.
Asynchronous and adaptive. 
Chase combining.
Maximum 4 transmissions.
Delay on Ack/Nack’s: 6 TTIs.

	Frequency re-use
	Plain re-use one (equal power per PRB)

	SU-MIMO Adaptation
	Quasi-dynamic Rank adaptation with switching between single-stream and multi-stream per UE. IRC used at UE for single stream reception.

	MAC+CRC overhead
	Total overhead per code-word (transport block) equals 56 bits. Corresponding to 24 bit CRC + 32 bit MAC header. 

	Packet scheduling
	Radio channel aware proportional fair scheduling.


3. Performance results
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The obtained performance results are summarized in Table 2, where we have reported the average cell spectral efficiency, as well as the cell-edge performance. The results are compared against the ITU targets, and the difference in percentage is listed under “gap from target”. Based on these results, we conclude that the performance target for InH can be fulfilled with standard Rel’8 SU-MIMO, and the same is nearly the case for RMa. For RMa we are 35% below the cell-edge performance target, while being 13% above the target for average spectral efficiency. With further optimization of the packet scheduler to prioritize the cell-edge users, it is expected that both targets can be fulfilled for RMa with SU-MIMO (to be confirmed). 
For UMa, the performance of SU-MIMO is approximately 50% below the targets for both average cell performance and cell-edge performance. The UMa test environment is defined for 30 kmph UE velocity, which makes it nearly impossible to accurately track the radio channel via CQI and PMI. Hence, for this environment advanced closed loop MIMO techniques that require accurate channel tracking are not expected help meet the targets. Instead, we are proposing to use to SDMA type of open loop beamforming techniques, where e.g. multiple orthogonal beams are formed per sector using a uniform linear antenna array (i.e. correlated antennas). Our preliminary results from studying such schemes indicate promising results for meeting the targets.

For UMi, we observe 22% and 9% lower performance as compared to the targets for average cell and cell-edge performance, respectively. The UE speed is 3 kmph for UMi, which means that more advanced closed loop MIMO schemes (including e.g. CoMP-like techniques) could be used, since it for this case is possible to track the radio channel via CQI and PMI feedback.  
Table 2 Summary of the Rel’8 4x2 SU-MIMO performance results.
	Average cell spectral efficiency [bps/Hz]

	
	Target
	SU-MIMO Results
	Gap from target

	InH
	3.0
	3.92
	+30%

	UMi
	2.6
	2.02
	-22%

	UMa
	2.2
	1.17
	-47%

	RMa
	1.1
	1.24
	+13%

	Cell-edge performance [bps/Hz/user]

	InH
	0.10
	0.256
	+156%

	UMi
	0.075
	0.068
	-9%

	UMa
	0.06
	0.030
	-50%

	RMa
	0.04
	0.026
	-35%


4. Concluding remarks
In this contribution we have presented a set of 4x2 Rel’8 compliant SU-MIMO results for the ITU environments. Based on these results, we conclude that the UMa case is the most challenging. For meeting the targets for UMa, we propose to use SDMA type of open loop beamforming techniques. For UMi, an additional improvement of 10%-20% is needed in addition to SU-MIMO. Hence, for the latter scenario, improved MIMO techniques (e.g. CoMP or beamfoming) should be sufficient for reaching the targets.
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