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1 Introduction
In the RAN WG1#46bis meeting, the reference signal structure for 2-TX antenna MIMO was agreed. It was also agreed that the RS overhead for 4-TX antenna MIMO should be targeted around 15%. In this contribution, we discuss an RS structure for 4-TX antenna MIMO where the RS for 4-TX is not necessarily carried in every TTI. The Node-B can configure the TTIs that contain RS for 4-TX. 
2 RS structure for 4-TX antenna MIMO 
The RS structure for 2-TX antenna MIMO (Figure 2) is kept unchanged in all the TTIs. This allows using rank 2 spatial multiplexing, 2-TX transmit diversity and 2-TX beamforming etc. in all the TTIs. For example common control channels can use 2-TX transmit diversity in a predetermined manner without having information on if 4-Tx are supported or not in a given cell.   In order to allow for 4-TX MIMO possibly also including 4-TX transmit diversity, some TTIs are configured to carry reference signals for the third and the fourth antenna as shown in Figure 1.  It can be noted that the TTIs containing reference signals for 4-TX can be aligned with the hybrid ARQ retransmission timing so that Hybrid ARQ retransmissions for 4-TX transmissions can be performed in TTIs containing 4-TX reference signals. It is also possible to insert dedicated 4-TX reference signals when, for example, rank 4 transmissions are scheduled in TTIs containing reference signals for only 2-TX antennas.  In the example of Figure 1, the reference signals from first and second antenna, P1 and P2 are transmitted in all the TTIs while the reference signals from the third and the fourth antennas are transmitted in every second TTI. This leads to total RS overhead of around 14.3%. In cases, where 4-TX antennas reference signal duty cycle is less than 50%, the total RS overhead is expected to be between 9.5-14.3%. It should be noted that eNB can always configure a 100% duty-cycle on P3/P4 if needed so.
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Figure 1: An example of reference signal transmissions
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Figure 2: Reference signal structure for 2-TX antenna MIMO
It is desired to use the full Node-B power for 4-TX antennas in all the TTIs for coverage enhancing even when the transmissions are performed using 2-TX antenna.  One possibility to achieve this goal is to use precoding in order to create a set of virtual antennas from a set of physical antennas. The reference signals can also be precoded using a fixed precoding. The reference signals are then transmitted over the virtual antennas. It is possible to create a smaller set of virtual antennas from a larger set of physical antennas by using a subset of columns from the precoder matrix. For example, two virtual antennas can be created from 4 physical antennas by using column 1 and column 3 of the Fourier-based precoding matrix. The symbols transmitted form the 4 physical antennas are given as below:
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The symbols S1 for pilot 1 is transmitted from the 4 physical antennas during the subcarriers allocated for pilot 1, P1 in Figure 2. The symbols S2, -S2, S2 and –S2 are transmitted from physical antenna 1, antenna 2, antenna 3 and antenna 4 respectively during the subcarriers allocated for pilot 2, P2 in Figure 2.  
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Figure 3: Precoding of reference signals with matrix P for the case of 2 virtual antennas and 4 transmit antennas

An example of received reference signals transmitted using 2 virtual antennas and 4 physical antennas is shown in Figure 8 for the case of a flat-fading channel static over the TTI. The composite channels, hc1 and hc2 from the two virtual antennas are estimated as below.
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Where h1, h2, h3 and h4 are the channel gains from the physical antenna 1, antenna 2, antenna 3 and antenna 4 respectively. In case of a time-frequency selective channel, the channels gains may be different in different subcarriers and OFDM symbols. For example, channel gain h1ij can represent the channel gain from physical antenna 1 in the ith subcarrier and the jth OFDM symbol.
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Figure 4: An example of received reference signals from 2 virtual antennas transmitted using 4 physical antennas.
In case a single virtual antenna is created from the 4 physical antennas using the first column of the precoding matrix, the composite  channel hc1 is simply given as:
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In case of 4 virtual antennas created from 4 physical antennas, the composite channels hc1, hc2, hc3 and hc4 from the four virtual antennas are estimated as below.
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In case of 3 virtual antennas created from 4 physical antennas using the first three columns of the precoding matrix, the composite channels hc1, hc2, and hc3 from the three virtual antennas are estimated as below.
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The reference signal structure for the case of 4 virtual antennas is shown in Figure 5. In case of 2-TX antennas reference signals, only VA1 and VA2 reference symbols are transmitted.
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Figure 5: Reference signal structure for 4 Virtual Antennas case
It should be noted that when a set of virtual antennas are created from a set pf physical antennas, all the MIMO and transmit diversity schemes can work based on virtual antennas.  For example, the spatial multiplexing is done on virtual antennas or MIMO layers. The column selection for multi-user MIMO simply becomes virtual antenna selection. The channel quality for a virtual antenna is simply estimated by using the reference signals for that virtual antenna. This can potentially simplify the UE operation. Similarly, the transmit diversity can be done on virtual antennas. The beamforming can also be performed on virtual antennas using, for example, precoding.  For example, when two virtual antennas are created from 2 physical antennas using precoding matrix A and a UE require precoding using prcoding matrix B, then the data symbols for that UE are precoded by matrix P=A  X B as below.
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This is because the channel estimates are based on precoding A performed on the reference signals.
3 Simulation Results
In this section, we provide some simulation results using the proposed reference signal structure for a 4x4 MIMO system. The following table summarizes some of the simulation conditions.

	Item 
	Value

	Carrier Frequency
	1.9 GHz

	System Bandwidth
	5 MHz

	Sampling Rate
	7.68 MHz

	Antenna Configuration
	4x4, Spatial Multiplexing, 4 Streams, 4 Codewords

	Channel Coding 
	Turbo (rate ½, max-log-map, 8 iterations)

	Modulation
	16 QAM

	Block size
	One sub-frame (0.5 ms)

	Channel Model
	6-ray Typical Urban


Figure 6 and Figure 7 are the performance of block error rates using various reference signal structures for UE’s at 3 km/h and 100 km/h, respectively. The performance for reference signal structure that transmits reference signal at the same density at each antenna as for the single antenna case is indicated as “19% RS overhead” in the figures. The performance using the working assumption of the reference signal structure is indicated as “14.3% RS overhead with interpolation” in the figures. The performance using the proposed reference signal structure is indicated as “9.5-19% overhead w/o interpolation”. 
From these figures, we see that at low speeds, the proposed RS structure provides the same performance as those used for comparison. At 100 km/h, the proposed RS structure has about 0.3 dB performance loss comparing to the performance using the working assumption of the reference signal structure. 
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Figure 6 Performance Comparison for UE's at 3 km/h
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Figure 7 Performance Comparison for UE's at 100 km/h

4 Summary
We discussed an RS scheme for 4-TX antenna MIMO. Using this structure, the reference signals for 2-TX antenna are kept unchanged in all the TTIs. However, eNB can configure the TTIs that contain RS for 4-TX therefore controlling the total RS overhead. We also discussed RS precoding which allows using 4-TX antenna full Node-B power even when the number of antennas used in some TTIs is less than four. We recommend that LTE specifications support giving eNB control of transmission of Tx-3 and Tx-4 reference symbols.
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