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Discussion 
1. Introduction
The work item on 4-branch MIMO was approved during the RAN#53 plenary meeting [1]. One topic required for the extension to 4 branches is the definition of the pilot signals such that channel sounding can be done periodically, a sufficient quality of decoding can be achieved and the impact on legacy UEs is minimized. In the following, some initial considerations regarding the introduction of new pilot signals for 4-branch MIMO are discussed. 
2. Initial Discussion
The introduction of 4-branch MIMO requires 4 pilot signals to be transmitted. It seems to be reasonable to reuse P-CPICH and S-CPICH for legacy reasons. The 3rd and 4th pilot have to be present for 4-branch MIMO and will be seen as interference by 2 and 1-branch UEs. Moreover, the energy used for pilot 3 and 4 will not be available for data channels and hence will degrade the throughput. From that it can be seen that pilot 3 and 4 have to be designed quite carefully especially with respect to the power spent on them.
One option to decrease the power of the common pilots 3 and 4 is to use dedicated (UE specific) pilots [2]. 
Assuming dedicated pilots are used, the UEs still requires 4 pilots which are present for the sake of channel sounding since PCI, CQI and the rank information have to be transmitted periodically in the uplink. The quality of the channel sounding depends on the pilot power. To select the best precoding weight at the UE side, channel estimation is needed. The required quality of this estimation depends among others on the size of the precoding codebook. 
Dedicated, precoded pilots have the advantage of gaining from the UE specific beamforming gain and not introducing interference to legacy UEs since these pilots are only transmitted when a 4 branch MIMO UE is scheduled. The power of dedicated pilots could be reduced not only due to the beamforming gain but also due to possibility to adapt to radio conditions of the UE. Moreover, the channel estimation for decoding would include precoding and there would be no need for the NB to confirm the used PCI. This would even give the opportunity to use codewords not in the codebook. On the other hand, for dedicated pilots, time averaging over multiple TTIs is not possible if the UE is not scheduled in consecutive TTIs. Presumably, this would degrade the estimation quality. 
Using 4 common pilots only, the power of pilot 3 and 4 has to be sufficiently large but the channel estimation would be straight forward. Using precoded pilots for demodulation gives 2 options, i.e. using dedicated pilots only or using both dedicated and common pilots. When only dedicated pilots are used, the whole energy of the common pilots would be wasted for demodulation. Moreover, up to 4 dedicate pilots would be required for 4 stream transmission. Using both types of pilots would be optimal in terms of pilot power usage but would introduce additional complexity at the UE side. 

3. Results 
In the following, some initial results are presented. For these results, only common pilots and ideal channel estimation are used. It is show in figure 1 that using different power for the pilot signals heavily influences the throughput. For example, the mean throughput of a systems with [2 1 0.5 0.5]W pilot power has a 46% higher throughput than a system with 2W for each pilot. 
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Figure 1: 4-branch MIMO performance in terms of throughput for different pilot power settings (VehA)
4. Summary
In this contribution some initial discussions regarding the pilot design options were given. In particular, some advantages and disadvantages of dedicated and common pilots were shown. Moreover, it was show by simulation results, that the power assignment to pilots has to be done carefully in order to maximize throughput for 4-branch MIMO UEs and to limit impact on legacy UEs.
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Appendix
Table 2: Simulation parameter

	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
	Common pilots

	Channel Model
	VehA 

	UE velocity [km/h]
	3

	UE Receiver Type
	Type 3

	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


