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1 Introduction
To utilize the transmit power from all available transmit power amplifiers (PA), an antenna mapping is required for LTE Rel.8 antenna ports to the transmit PA (here denoted “antennas”) when there are fewer configured LTE Rel.8 antenna ports than the number of antennas, see Figure 1. 

For Rel.10, CSI antenna ports are introduced to enable measurements for Rel.10 UEs. Up to 8 new CSI antenna ports needs to be defined in order to support measurements from an eight antenna eNB. In the way forward of [1] there is a possibility to have fewer new CSI antenna ports than the number of antennas, in which case some of the Rel.8 CRS are re-used as CSI RS. This case requires an antenna port mapping to antennas also for the new CSI antenna ports as was discussed in [2].

In this contribution, some further analysis of the antenna mapping for Rel.8 antenna ports is done and we also discuss the feasibility of using antenna mapping also for the new CSI-RS in Rel.10.  Although the antenna mapping is an implementation issue, it has some impact on the definition of new CSI RS in Rel.10. 

[image: image1]
Figure 1  Mapping from LTE antenna port 0~3 to all 8 LTE-A transmit power amplifiers or “antennas”
2 Antenna mapping
An antenna mapping is required for Rel.8 antenna ports when there are eight antennas at the eNB and all available transmit power shall be utilized for LTE. It may also be needed for Rel.8 antenna ports in a Rel.10 eNB with fewer than eight antennas, if fewer Rel.8 antenna ports than antennas are configured [3]. 

Although the mapping is an implementation issue, it should give the following desired properties:
1. Each power amplifier should be utilized equally, i.e. balanced input
2. The LTE antenna ports should have uniform sector coverage

3. The impact on PDCCH and Rel.8 PDSCH performance by using the mapping should be minimized
4. The mapping of the LTE antenna ports must be identical irrespectively if LTE-A ports are present in the resource block/sub-frame or not
The first requirement ensures that all amplifiers work at the same operating point and transmit with the same power. This was seen as an important feature in e.g. the MIMO precoding codebook design in Rel.8. 

The last requirement stems from the fact that the channel estimator may track the channel over multiple resource blocks and the channel variation should be smooth, i.e. natural and not be abruptly changed because of different antenna mapping due to a sudden presence of LTE-A ports (e.g. for measurements or data transmission to LTE-A terminals). 
Assume in the following that the mapping from LTE antenna ports to antennas is described by the NxP matrix 
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, defined in the frequency domain, i.e. before the IDFT. Here, N is the number of antennas and P is the number of LTE antenna ports.
2.1 Antenna mapping and Rel.8 precoding

Here the implication of antenna port mapping on Rel.8 precoding is analyzed. When Rel.8 antenna ports are mapped to antennas using a subcarrier dependent matrix 
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, and precoding is used with the precoding matrix 
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where n is the subcarrier index,
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 is Lx1 where L is the number of layers, and 
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 is Nx1 and corresponds to the signals at the antennas. From (1), we see that with antenna mapping 
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, the LTE precoding matrix 
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 is replaced by an equivalent precoding matrix 
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The LTE precoding matrix 
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was designed to have equal power across layers and equal power per PA. This was achieved by restricting the matrix elements of 
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 to have the same modulus, which is a sufficient criterion. If this property shall still be fulfilled when antenna mapping is used, then the elements of
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shall have constant modulus irrespectively of which precoding matrix 
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 is selected. 
As an illustrative example, assume the mapping and Rel.8 precoding vector as
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 we then get the equivalent precoding matrix 
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which do not have constant modulus elements and its structure even further implies that the third and fourth PA does not transmit anything and the first and second PA transmit with double power. Besides putting large demands on the PA design and required PA backoff, it will also have an impact on MIMO performance since only two of four available MIMO channels are used, i.e. less diversity is obtained.

It is straightforward to show that the equal power per PA and cross layers requirement, i.e. the constant modulus (CM) preserving requirement on the equivalent precoding matrix 
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, put the following practical requirement on the antenna mapping 
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:
Antenna mapping property: Each row of 
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 shall have only a single non-zero element.

An example of an antenna mapping from two LTE antenna ports to four antennas that fulfill this property is
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(2)
and it is straightforward to verify that (2) is CM preserving when combined with the Rel.8 two antenna codebook. 
2.1.1 Performances
The performance of Rel.8 precoding when antenna mapping is used in a Rel.10 eNB with eight antennas, compared to the performances of Rel.8 precoding in a Rel.8 eNB with four antennas has been investigated by a link simulator.  Adaptive modulation and coding and HARQ retransmissions were implemented to obtain the throughput or spectral efficiency (SE) for each simulated SNR point. The control and RS overhead was taken into account in the simulations but ideal channel estimation was used. See additional simulator assumptions in Appendix. 

Figure 2 shows the spectral efficiency of Rel.8 MIMO with four receive antennas and closed loop precoding using four antennas (i.e. Rel.8) and using eight antennas (i.e. Rel.10) and two different CM preserving mappings. Antenna mapping I maps each Rel.8 antenna ports to the two dual polarized antennas at the same spatial location whereas Antenna mapping II maps each Rel.8 antenna ports to the same polarization but separated 4( in space. The detailed antenna mapping matrices are given in the Appendix. 
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Figure 2 Spectral efficiency using 4x4 MIMO with DL precoding using Rel.8 codebook. The channel is Urban Macro; 3 km/h. Cross-polarization antennas were used with 4( eNB antenna spacing and 0.5( UE antenna spacing. 

From Figure 2 we see that the Antenna mapping I of four LTE Rel.8 antenna ports to eight antennas degrades the spectral efficiency of LTE with 12% at 20 dB SNR while having the same performance as 4x4 Rel.8 below 0 dB. For Antenna mapping II, the spectral efficiency loss at high SNR is limited to 2% but it has on the other hand very poor performance at SNR below 0 dB. 
Figure 3 show the corresponding results when mapping two LTE Rel.8 antenna ports to eight antennas. The degradation for Antenna mapping III is 12% at 20 dB SNR. 
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Figure 3 Spectral efficiency using 2x2 MIMO with DL precoding using Rel.8 codebook. The channel is Urban Macro, 3 km/h. Cross-polarization antennas were used at both eNB and UE with 4( eNB antenna spacing. 

2.2 Impact on Rel.8 sector coverage

The coverage of an LTE Rel.8 antenna port can be analyzed by studying the antenna gain of the virtual antenna port. In Figure 4, the antenna port is mapped to two antennas separated 4(. It can be seen that the antenna port gain pattern has many grating lobes and can thus not achieve the same sector coverage as a single antenna element (AE). The impact of this on the control channels, using SFBC over the two antenna ports needs to be further studied. 

One possible solution for the case when mapping x antenna ports to 2x antennas is to map each antenna port to the two dual polarized antennas, thereby each port will have sector coverage.   
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Figure 4 Azimuth antenna gain of a single antenna element (AE) and with an antenna mapping where the port is mapped to two AE.
To obtain uniform sector coverage for the antenna ports will be a very difficult task, especially if there are only a few antennas participating in the synthesis of the antenna gain pattern. To avoid the power imbalance problem discussed in Section 2.1, the number of antennas each port is utilizing will be only two or four. Hence, creating good coverage for a port is challenging. Also, when antenna separation is larger than half the wavelength, grating lobes will occur. 
We can conclude that the antenna port mapping will have an impact on the sector coverage and performances of control channels needs to be further verified. This is highly dependent on the actual antenna element pattern, polarization antenna setups and used antenna port mapping and is thus left to implementation. 

2.3 Mixing Rel.8 CRS and Rel.10 CSI-RS

In [1] it was suggested (still an open issue) to reuse the existing Rel.8 CRS as CSI RS and add less than eight new CSI RS to obtain eight CSI RS for eNB with eight antennas. Here this solution is analyzed in terms of the PA balance. 

Since the new CSI antenna ports are fewer than the number of antennas, they also need to undergo antenna mapping to the antennas. Therefore, the antenna mapping of all eight CSI antenna ports can, without loss of generality, in the mixed case be described as an 8x8 matrix 
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. Since the first NRel.8 CRS columns of 
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 is the mapping of Rel.8 antenna ports to the PA, we can partition the matrix 
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where
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 is the 8 by (8-NRel.8 CRS) mapping of the new CSI RS. Since the transmission of CSI RS is sparse, the transmission of new CSI RS, i.e. the mapping sub-matrix
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 , will not be used in every RB.  
The LTE Rel.8 antenna port mapping 
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 should be unaffected by the presence of these new CSI RS. Hence, 
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 remains the same whether 
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 is present or not.
If 
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 has been designed to give a balanced power per PA when combined with precoding, using the principle discussed in 2.1 above, then  
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 has one non-zero element per row and therefore 
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 has more than one non-zero element per row when 
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 is present. 

This means, following the same arguments as in Section 2.1 above, that it will be almost impossible to ensure balanced power per PA for Rel.10 transmissions with a mapping  
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 unless the Rel.10 precoding is preformed with requirement in consideration. This will lead to a severe restriction on the freedom of Rel.10 precoding. 
We can therefore summarize: 
· The mixing of Rel.8 CRS and Rel.10 CSI-RS requires an antenna mapping also for the new CSI antenna ports

· This mapping will destroy the power balance between PA when combined with Rel.10 precoding

Hence, to form the set of eight CSI-RS by mixing of Rel.8 CRS and Rel.10 CSI-RS is not feasible. 
3 Conclusion

It has been shown that the combination of Rel.8 precoding and antenna mapping of Rel.8 antenna ports to a larger number of transmit antennas may severely affect the power balance between the used power amplifiers. This can be avoided by ensuring that

Each row of the antenna mapping matrix shall have only a single non-zero element.

If this is fulfilled for the LTE Rel.8 antenna mapping, it further imply that the mixed use of Rel.8 CRS and new CSI RS as the set of eight CSI RS, as an alternative solution in [1], is not feasible since it will yield unbalanced PA when combined with Rel.10 precoding. Hence, that alternative in the way forward [1] can be discarded.

It was also shown that the antenna mapping degrades the LTE spatial multiplexing performance but the loss was in the simulated case with four Rel.8 antenna ports limited to 2% if a proper antenna mapping was used.  
The coverage issue when using antenna mapping for Rel.8 antenna ports must be further analyzed, especially for the Rel.8 (and Rel.9-10) control channels.
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5 Appendix
Here follows the simulation assumptions for the SU-MIMO simulations.

	Parameter
	Values

	UE speed
	3 km/h

	System bandwidth
	5 MHz

	Scheduling bandwidth
	5 RB

	Modulation and TBS table
	Table 7.1.7.2.1-1 in TS 36.213

	Number of Codewords (CW)
	1 or 2

	Frequency selective scheduling
	Off (Round robin selection of RB group of 5 RB)

	CQI, PMI and RI feedback
	4 ms delay and error-free

	Max number of HARQ retransmissions
	3

	Rank adaptation
	On

	Precoding
	Feedback of one PMI, RI and CQI for each group of 5 RB

	MIMO receiver
	LMMSE

	Channel estimation
	Ideal

	Channel model
	SCM Urban macro 15° angular spread. Vehicular A power delay profile. Dual polarized antennas. 

	eNB antenna configuration
	Four or two dual polarized antenna pairs separated 4(. 

	UE antenna configuration
	Two or one dual polarized antenna pair(s) separated 0.5(

	Number of control symbols (CFI)
	1

	Number of LTE antenna ports
	4 or 2

	Antenna mapping I and II
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 EMBED Equation.3  [image: image40.wmf]÷
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	Antenna mapping III 
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	Antenna enumeration
	
[image: image44]


2





1




















Antenna mapping from LTE antenna ports to PA
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