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1 
Introduction
A new study item concerning DL MIMO was agreed for Rel-11 during RAN-51. One of the objectives of this study item is to address issues from real-life deployment of MIMO systems. The MIMO support in LTE is already very advanced with both single and multi user MIMO for up to 8 transmit antenna supported. So now it is definitely valuable to spend some effort to ensure that the LTE MIMO solution is flexible enough to operate well in most of the encountered deployment scenarios.
In this contribution we present one specific highlight issue encountered in our work with deployment of LTE MIMO and beamforming solutions. It is well-known that the majority of MIMO schemes defined by 3GPP only apply to the data channel PDSCH. This has been a natural solution as most of the system resources are occupied by the PDSCH. However, at this stage it is clear that in certain cases overall system performance suffers from the lack of dedicated downlink control channel transmission mode and we discuss here in detail the issues and potential solutions.
2 
DL MIMO deployment scenarios
In early stage most LTE networks will be deployed with one or two transmit antenna at the base station. At a later stage when the load is increasing operators might consider to add more antennas and take of advantage of the increased spectral efficiency provided by the LTE MIMO solutions.

Another trend already seen in the deployments is that LTE will spread from dense urban centers to suburban and even rural areas. In this evolution scenario cell range is of increasing importance as improving link budget a few dBs in suburban scenario can substantially increase cell range. Considering also that typical LTE frequencies are in the 2.6 GHz band, operators could also consider that LTE with increased number of antennas could provide good coverage even if deployed on the sites of existing 3G networks operating at lower frequency. This could lead to the decision that more than 2 antennas would be the baseline configuration used for rolling out the network.
Comparing the two and four antenna solution, the benefits of four antennas will be seen in uplink and downlink spectral efficiency, both in average and at the cell edge. Moreover the uplink cell range will be increased as all uplink channels can benefit from the 4 rx receiver diversity. For the downlink, the cell range of PDSCH measured assuming a fixed bit rate will also increase.
Only for the downlink control channels will there be limited benefits from the increase in number of antennas. If we are using the DM RS based MIMO modes defined in R10 it would be beneficial to limit the number of CRS ports to one or two as to reduce the reference signal overhead. In this case we will need to transmit the downlink control based on implementation specific solutions such as sector beamforming or UE transparent diversity transmission and this does not give the optimal performance.
With such solutions it is not possible to achieve beamforming or spatial multiplexing gains and typically the more antennas are virtualized the more difficult it is to find a solution with reasonable performance. Moreover as highlighted in [1] the overall antenna design is constrained by the requirement to support a sector beam. So if the need for sector beamforming could be reduced, the additional flexibility for designing the antenna could help to improve the UE specific beamforming performance.
Observation: Downlink control channels are the only LTE physical channels which does not directly benefit from increasing the number of transmit antennas at the base station.

It is thus clear that there is some room for improvement on the DL control transmission methods and this should be one of the important study topics of the Rel-11 DL MIMO study item.
3 
Sector beam virtualization performance
To illustrate the issues with antenna virtualization we provide here a very simple analysis of the performance of sector beam forming with a typical 8 element antenna array. To get a more realistic picture of the performance it is important to consider realistic antenna patterns. For the typical higher order antenna arrays the element pattern will have a wider beam width and lower antenna gain when compared to an ordinary 2tx cross polar antenna. This is due to design constraint but also to ensure that a sector beam of high enough beam width can be formed with good power efficiency. In the following we use the so called baffle board model put forward in [1] to model the antenna element pattern in an 8 tx antenna array. The 3dB beam width for the antenna element is proposed to be 90 degree  compared to the 3GPP reference of 70 degree. 

Assuming that we are using cross polar antenna and that we have enabled two CRS ports and use SFBC transmit diversity for the downlink control channels, then we need a sector beamforming vector to map the two baseband signal branches to 8 antennas. A simple solution is to map different branches to different polarizations. Under that assumption only one additional length 4 beamforming vector is needed to map 1 branch to 4 antennas. Here we reuse the vector proposed in [1]
W = [0.35,  1,  1,  -0.6]
The resulting antenna pattern is shown in Figure 1, together with 3GPP reference and the array element pattern. It is clear that antenna gain is reduced as we are not using unity weights. To analyze the impact to the control channel SINR three different solutions are compared

a) 3GPP reference antenna pattern used for a 2tx cross polar antenna driven with 2x20 W

b) Array element antenna pattern used for a 2tx cross polar antenna driven with 2x20 W

c) Sector beamforming an 8tx x-pol array where elements are using the array element pattern and driven with 8x5 W

Standard 3GPP simulation assumption was then used to generate the SINR experienced on the control channel for the macro case 1 scenario, for details see appendix and [2]. The CDF of the user’s wideband SINR is shown in Figure 2 and from this figure it is clear that the sector beam approach gives worse performance than what can be achieved with ordinary 2 tx solution. Also using 2 elements from the antenna array with higher power provides better performance than the sector beamforming. However this solution is not so feasible in practice as the UE specific beamforming would not benefit from having more power available in two out of 8 pipes.
Observation: The existing solutions for transmitting downlink control channels over antenna arrays gives worse performance than when antenna arrays are not used.
[image: image1.png]Gain [dB]

Sector beam

Array element
3GPP ref.

i
-150

i
-100

-50

50

i
100

i
150





Figure 1 Plot of the 3GPP reference antenna pattern, array element antenna patterns and the resulting sector beam pattern.
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Figure 2 The CDF of wideband downlink SINR for the different control channel transmission schemes.
4 
Control channels and antenna arrays
As argued above, there seems to be some potential for enhancing the transmission of downlink control channels when antenna arrays are used. One idea for enhancement is to allow for downlink control channels to be transmitted in a similar, precoded way as the PDSCH. One immediate benefit of that is that UE specific beamforming gain would be applicable to control channels as well as the data channel. Also this would limit the need for sector beamforming and thus reduce the design constraints on the antenna array and allow for antenna elements with reduced beam width giving as end result better antenna directivity and overall gain.
Reusing PDSCH transmission mode for downlink control seems straightforward but we need to keep in mind that for example PDCCH is actually providing some essential information to the UE so that it can carry out PDSCH demodulation. This is an important constraint for designing new transmission mode for downlink control channels
Also there is a reason that such enhancements were not included in earlier releases. One reason is that control channel reliability is very important for the overall system operation and this has to be guaranteed with any of the transmission schemes. This is another constraint which needs careful consideration.
The current Rel-11 DL MIMO SID [3] mentions explicitly that using UE specific reference signals for downlink control should be investigated. We believe that this should be one of the key topics for SI work. The SI work should focus on uncovering whether it is feasible to operate LTE using UE specific reference signal for demodulating downlink control and quantify the gains from such solutions. Secondly there might be alternative solutions to improve the performance of downlink control transmission over antenna arrays and those should also be considered.
5
Conclusions

In this contribution we have analyzed one particular problem from real world MIMO deployment. Basically we have looked at how different channels benefits from increasing the number of antennas at the base station. From the analysis we see that only downlink control channels do not experience any improvement. Actually, depending on the specific solution increasing the number of antennas at the base station might degrade the performance of downlink control channels.

Improving performance for downlink control channels transmitted over antenna arrays should be addressed with priority by the Rel-11 DL MIMO study item to ensure that higher order MIMO and beamforming remains a viable technique to increase spectral efficiency and coverage also real world deployments.
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Appendix
	Parameter
	Value

	System BW
	10 MHz

	Channel model
	3GPP Case1 , 2D antenna, SCM UMa (High Spread)

	Antenna configuration　
	2 antenna at both eNB and UE

Cross-polarized

	UE receiver
	MRC

	HARQ
	Disabled

	Scheduling Scheme
	Round robin

	Transmission scheme
	Transmit diversity

	User per cell 
	10, full buffer


