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1. Introduction

In RAN#51, a study item was approved [1] proposing to study and evaluate various techniques for enhancing uplink transmissions. 

One such aspect for study is the system performance for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, where the channel conditions might be different.   The coverage of picocells is reduced significantly compared to that of macrocells.  As a result, compared to the UEs in a macro-only system, it is more likely that the UEs associated with picocells experience LOS propagation.
Without pre-processing, the UE’s transmit power may radiate in unwanted directions and cause significant interference to neighbouring cells.  
One solution is to use UL CoMP, with a cooperating set large enough to capture the main interference. However, CoMP may not be appropriate in all deployments, and the required exchange of information between cells would need to be taken into account.

In interference-limited scenarios, the limited UL precoding matrices specified in R10 might not always be able to suppress efficiently the interference while guaranteeing the quality of desired signals, and in high mobility scenarios, the precoding designed to alleviate small-scale fading may be outdated due to the fast varying channels.
Therefore, in this paper we provide some initial analysis of the possibilities for addressing these aspects by means of forming directional UL beams in aligned to the LOS or clustered multipath (i.e., the angle spread is narrow) which is frequently experienced by the UEs in small cells.
2. Potential Scheme
Fig. 1 illustrates DOA-based transmission from a UE in a heterogeneous network.   The UE could estimate the DOA based on CRS or CSI-RS from the serving transmission point(s) via direction finding algorithms (such as the popular MUSIC algorithm [3]).  
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Fig. 1 DOA-based UL transmit beamforming in heterogeneous networks

One of the key differences of UL beamforming from the precoding specified in LTE-A Release 10 is that the UE would send the SRS over the beamformed antenna array steering to the estimated DOA.  If only one beam is formed, steered to the desired direction, only one SRS is needed.  If multiple beams could be formed simultaneously, multiple SRSs would be useful.  For example, with two pairs of cross-polarized antennas, two elements from one polarization could form one beam and the other two elements from the other polarization could form another beam.

The eNB and RRH(s) would schedule the PUSCH according to the effective channels of the beamformed antenna array based on SRS measurements.  With multiple beams, the conventional UL precoding specified in Release 10 could be reused to alleviate small-scale fading of beamformed channels.  That is, the eNB or RRH could assign precoding matrix indicators (PMI) based on the effective multi-beam channels.

In general, this kind of UL transmit beamforming has little standards impact in terms of additional signalling.  However, the calculation complexity at UE is increased to some extent due to the direction finding algorithms at the UE, and this would need to be carefully evaluated.
3. Simulation Results

When considering beamforming algorithms, it is important that practical non-idealities are properly taken into account. In particular, mismatch of the steering vector may arise due to noise, mutual coupling, sensor position errors, local scattering sources and wide-band sources, etc.  The degradation due to such errors has received much attention in the literature [2-5].  An asymptotic performance analysis has been provided for the MUSIC algorithm in the presence of these errors, and an optimally weighted version of MUSIC was proposed in [4].

In this initial discussion, however, for the sake of investigating an upper bound on the potential beamforming performance gain, we assume ideal DOA estimation in our simulations, i.e., the distortion issues of DOA estimation errors are ignored. For the same reason, we also assume a 100% LOS probability.  
The beam patterns for 2-element and 4-element uniform antenna arrays are shown in Fig. 2 and Fig. 3.  The number of elements is the same as the UE antenna configuration in LTE-A Release 10.  The beam pattern varies through adjusting phase difference (β) between the elements, in order to steer the boresight of the array towards the different DOAs of the serving reception point or other non-serving reception points.  The maximum array gain is 3dB and 6dB for 2-elements and 4-elements, respectively.
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Fig. 2 
The beam patterns for 2-element uniform antenna array
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Fig. 3 
The beam patterns for 4-element uniform antenna array
The simulation results for UE antenna arrays with 2-elements and 4-elements are shown below.
Table 1   System level performance evaluation with 2 receive antennas
	
	Baseline (SU-SIMO)
	2-elements
	Gains over baseline
	4-elements
	Gains over baseline

	Macro cell area Average (bps/Hz/cell)
	3.45 
	4.14 
	19.73%
	4.95 
	43.23%

	Cell Edge (bps/Hz/UE)
	0.09 
	0.12 
	30.14%
	0.15 
	62.71%

	Effective IoT (dB)
	6.10 
	6.03 
	
	5.90 
	

	Jain Index
	0.52 
	0.52 
	
	0.52 
	


Table 2   System level performance evaluation with 4 receive antennas
	
	Baseline (SU-SIMO)
	2-elements
	Gains over baseline
	4-elements
	Gains over baseline

	Macro cell area Average (bps/Hz/cell)
	5.10 
	5.73 
	12.36%
	6.29 
	23.32%

	Cell Edge (bps/Hz/UE)
	0.14 
	0.18 
	25.90%
	0.21 
	45.98%

	Effective IoT (dB)
	2.58 
	2.58 
	
	2.35 
	

	Jain Index
	0.51 
	0.54 
	
	0.56 
	


Table 1 and Table 2 show that UL transmit beamforming with ideal DOA estimation and 100% LOS probability could achieve significant performance gains over SU-SIMO, especially when the number of receive antennas is limited.
4. Conclusions

In this contribution, we discuss some aspects of uplink beamforming which might be studied for possible UL enhancement. Such techniques could be relevant for small cells with a high probability of LOS propagation. 

We observe, based on some idealized assumptions, that DOA-based UL beamforming may be beneficial for improving uplink performance and reducing inter-cell interference. 

· However, practical non-idealities must be taken into account if such schemes are to be considered, and UE complexity needs to be evaluated.  
References

[1] RP-110448, Huawei, “UL MIMO Enhancement for R11”
[2] A. Ferreol, P. Larzabal and M. Viberg, “On the asymptotic performance analysis of subspace DOA estimation in the presence of modelling errors: case of MUSIC,” IEEE Trans. on Signal Process., Vol. 54, No. 3, Mar. 2006.

[3] A. Swindlehurst and T. Kailath, “A performance analysis of subspace-based methods in the presence of model errors, Part I: The MUSIC algorithm,” IEEE Trans. Signal Process., Vol. 40, No. 7, Jul. 1992.
[4] A. Swindlehurst and T. Kailath, “A performance analysis of subspace-based methods in the presence of model errors, Part II: multidimensional algorithms,” IEEE Trans. Signal Process., Vol. 4, No. 7, Jul. 1992.

[5] B. Friedlander, “Sensitivity analysis of the MUSIC algorithm,” IEEE Trans. Acoust., Speech, Signal Process., Vol. 38, Jul. 1990.
Appendix
The table 3 below captures the simulation assumptions.
Table 3   System level simulation parameters
	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage

· transmission/reception points created by the RRHs have different cell IDs as the macro cell
 Association bias value of 0 dB RSRP is applied.

	Simulation case
	3GPP Spatial Channel Model (SCM) with high spread (TR 25.996), 19 macro site, 3 sectors per site, wrap around. 
LOS probability: 100%

	Number of low power node per macro-cell
	N = 1

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	11

	System bandwidth
	10 MHz 

	Uplink Power control
	Open loop fractional power control; the parameter for power control
Macro cell: alpha = 0.7, P0 = -85dBm, 

Pico cell alpha=0.6, P0=-75dBm.

	Base station antenna configuration 
	For both Macro eNB and lower power node : Co-polarized antennas with 0.5- wavelength antenna spacing

(illustration for 2 Rx: | |)

	Number of receive antennas
	2 or 4

	UE antenna configuration
	2-element or 4-element with 0.25-wavelength antenna spacing

	eNB Antenna tilt
	Macro eNB: 12degrees

Low-power node: 0 degrees

	Antenna gain + connector loss
	Macro eNB: 17 dBi

Low power node: 5 dBi

	Channel estimation
	Ideal 

	Network synchronization
	Ideal Synchronization

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); sounding RS 10 ms period ; PUCCH, 4/50 RBs. (Overhead ratio: 0.2185)

	Traffic model
	Full buffer

	Backhaul assumptions
	point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal
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