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1 Introduction

The WI for 4-branch downlink MIMO is agreed in [1].  One of the design aspects of this feature is additional pilots for channel estimation and demodulation of 4-branch MIMO.  In the previous meeting RAN1#66bis, the choices of pilot designs discussed are the common pilot and the dedicated pilot.  In this contribution we consider the pilot structure further.

2 Pilots for demodulation
In the 2x2 MIMO in Rel-7, two common pilots, namely the Primary CPICH and the Secondary CPICH are used for channel estimation for both channel state feedback and data demodulation.  As an extension to Rel-7 2x2 MIMO, 3rd and a 4th common pilots can be introduced for 4-branch MIMO for channel state feedback purposes.  
Although these additional pilots can cause interference to legacy UEs, they can be designed to consume less power and overhead.  Some examples of overhead reduction discussed in the previous meeting include transmitting the 3rd and 4th pilots at a lower power to that of the Primary CPICH and to DTX these pilots [2], [3], [4].  The reduced overhead of these pilots are sufficient for the channel state feedback purpose.  However, it may not be sufficient for accurate data demodulation.  Furthermore, precoding of the data channel is required for MIMO operation and the use of common pilots for data demodulation requires that the precoding information is sent to the UE (e.g. via the HS-SCCH channel); this signalling causes additional overhead and also restricts the precoding scheme to a finite set of codewords within a fixed codebook.

Dedicated pilots were also suggested in RAN1#66bis, where the dedicated pilots can be precoded using the same precoding weights used for the data channels.  Although dedicated pilots also increase the overhead, this is offset by removing the need to signal the precoding weights used in each HSDPA transmission since demodulation can be performed directly using the precoded pilots.  Similar to LTE, advanced precoding algorithms can be used in precoded dedicated pilots rather than restricting the precoding to a fixed set of codewords from a codeword.  
An additional benefit of dedicated pilots is that their overhead can be scaled according to the actual transmission rank for each UE. For lower numbers of transmission layers, fewer dedicated pilots are needed for demodulation.  Note that if common pilots are used for demodulation, 4 common pilots are needed even if all the UEs in the cell use rank-1 transmission, because even a rank-1 transmission uses all 4 physical antennas. 
Therefore, a good way forward is to use low-overhead common pilots for channel state feedback purposes whilst dedicated pilots are provided for data demodulation.  In this way, separate optimisation can be performed for channel state feedback and data demodulation.

Proposal 1: Introduce low-overhead 3rd and 4th common pilots for channel state feedback, using a high spreading factor and the possibility of DTX
Proposal 2: Introduce dedicated pilots for data demodulation in 4-branch downlink MIMO
3 Conclusion
The pilot structure for 4-branch downlink MIMO has been discussed.  It is concluded that dedicated pilots are more suitable for data demodulation purposes, and the overhead of 3rd and 4th common pilots for channel state feedback can therefore be kept low. Therefore it is proposed that:
Proposal 1: Introduce low-overhead 3rd and 4th common pilots for channel state feedback, using a high spreading factor and the possibility of DTX
Proposal 2: Introduce dedicated pilots for data demodulation in 4-branch downlink MIMO
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