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1 Introduction
In [1] it was agreed that the downlink reference signals (DL RS) are classified into two types which are
· 
Reference signals targeting PDSCH demodulation 
·  
Reference signals targeting CSI estimation (for CQI/PMI/RI/etc reporting when needed). 
In order to support up to 8 antenna port configurations in LTE-Advanced (LTE-A), 8 RS must be defined. Furthermore, the LTE antenna ports must also be defined in an LTE-A eNB due to backward compatibility reasons. 

It has become apparent from the discussion in RAN1 that there are different interpretation on how the LTE-A antenna ports are defined in relation to the LTE antenna ports. The purpose of this contribution is to clarify this relationship.

2 LTE antenna ports in an LTE-A eNB
In order to fulfil the requirement of backward compatibility, the LTE cell specific RS (i.e. LTE antenna ports) must be transmitted from an LTE-A eNB. Assume in the following that there are N LTE antenna ports defined where N=1,2 or 4.  The LTE antenna ports may also be used for transmission of PDCCH for both LTE and LTE-A UEs. 
There are several ways on how to define the LTE antenna ports, but a general description is to assume a mapping between the LTE antenna ports and the LTE-A power amplifiers (PA). See Figure 1. 


[image: image25.bmp]
Figure 1  Mapping from  LTE antenna port 0~3 to all 8 LTE-A transmit power amplifiers

Assume, for the sake of discussion, that a fixed mapping is used and described by the 8xN matrix U. Then, the trivial mapping is 
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 where the N LTE antenna ports are one-to-one connected to N LTE-A PA. This case occur for instance when upgrading a LTE eNB to LTE-A eNB without replacing the LTE PA. If sufficient coverage is not achieved, for instance when using a green-field LTE-A eNB deployment with less power per PA, it is necessary that each LTE antenna port utilize more than a single LTE-A PA, i.e. it is necessary to select a more advanced mapping 
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than the trivial one.
Although the mapping is an implementation issue, it should fulfil the following 

1. The N LTE antenna ports should have uniform sector coverage to maintain the performance of the LTE control channels

2. The impact on LTE MIMO performance by using the mapping should be minimized, especially considering the effect on channel correlation introduced by the mapping  

3. 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
Note that the LTE UE will only “see” the LTE antenna ports and is thus not aware about how many PA or antenna elements are used for the transmission of each port. As an example, assume that the signal at the input to the PA is described by the 8 element vector 
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 and the transmitted signals at each LTE antenna port is described by the
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element vector 
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. Hence, we  have
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An LTE UE estimate the r
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 channel vector from e.g. LTE antenna port 0 to the r receiver antennas using the LTE cell specific RS transmitted as
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 is the RS of port 0. The UE can distinguish different LTE antenna ports since their corresponding RS have different RE locations in the OFDM time frequency grid.
3 Definition of LTE-A antenna ports 

To enable measurements for LTE-A UEs, it is necessary to introduce 8 cell specific LTE-A antenna ports 0~7 defined by 8 cell-specific RS. Since the LTE RS are also cell-specific, one possibility is that the LTE antenna ports could be re-used as a part of the LTE-A antenna ports. Alternatively, 8 new and additional cell specific antenna ports are defined for LTE-A. 
There are therefore two possible alternatives for the definition of cell specific LTE-A antenna ports:
Alternative 1:  The N LTE antenna ports are a subset of the 8 LTE-A antenna ports 
Alternative 2:  The N LTE antenna ports are not a subset of the 8 LTE-A antenna ports
The drawbacks and benefits of these alternatives are discussed in the following:

3.1 Alternative 1
To define the 8 LTE-A antenna ports, a straightforward way is to reuse the N LTE antenna ports and then define additional 8-N antenna ports. This alternative has been assumed in many contributions [2][3][4].
In the general description of the LTE antenna ports in Section 2, a mapping was used. Hence, in this Alternative 2, which re-use the LTE antenna ports, it is natural to extend this general description by using a mapping from each of the 8 LTE-A antenna  ports to all 8 PA. See an illustration in Figure 2.
With the assumption of a fixed mapping described by a 8x8 matrix 
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, the part of the matrix that maps the LTE antenna ports to PAs must be unchanged whether or not the LTE-A  antenna ports are present or not. Also, for the mapping not to change the channel covariance properties, 
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 should be unitary since then 
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 is of course a possibility if sufficient LTE coverage is achieved by only using N of the 8 PAs.
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Figure 2 Alternative 1 for defining LTE-A cell specific antenna ports for CSI estimation
The RS of the additional LTE-A antenna ports are sparse in frequency and time and will thus not increase the overhead significantly. The N LTE antenna ports are on the other hand transmitted in every RB, so the channel estimation and tracking of the subset of N LTE antenna ports has better performance than the estimation performance from the sparse RS transmission of the additional 8-N LTE-A antenna ports. 

Furthermore, since CQI, RI and PMI measurements for LTE-A has been performed on the LTE-A ports, the scheduled LTE-A PDSCH transmission must also use these antenna ports, see Figure 3. If the 8 by 8 antenna mapping is described by the a non-trivial matrix 
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, the effective LTE-A precoding matrix is 
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 where 
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 is the precoding matrix from the LTE-A codebook. Hence, when evaluating and selecting the precoding codebook in Alternative 1 with a non-trivial mapping function, it is necessary to agree on the mapping used for evaluation since the effective precoding matrix is 
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 and not 
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 . 
In Figure 3, the use of a rank 2 precoding matrix for PDSCH transmission is illustrated. Since precoded DMRS is used, two DMRS (one per layer) plus the N LTE RS must be transmitted in the scheduled resource block. The scheduled LTE-A UE will use the LTE RS for PDCCH reception and the precoded DMRS for the PDSCH reception.
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Figure 3 In Alternative 1, the precoding matrix applies on the LTE-A antenna ports which maps to the transmit PA through the mapping function, here described by a matrix U.
The impact on LTE UEs in this alternative comes from the puncturing of LTE PDSCH by the LTE-A measurement RS but since they are sparse and only 8-N in number, only a small impact on the LTE UEs PDSCH transmission is expected.
3.2 Alternative 2
In this alternative, cell specific LTE-A antenna ports 0~7 are defined separately from the LTE antenna ports. See an example in Figure 4 where the LTE-A antenna ports are directly defined as the input to each PA. 
Since the LTE antenna ports anyway needs  to be transmitted in every RB and 8 additional and separate LTE-A RS must be transmitted, there will be an increased RS overhead (8+N RS) compared to Alternative 1. Furthermore, a LTE-A UE need to estimate the channel from up to twelve different antenna ports for the reception of PDCCH (using LTE antenna ports) and measurements for PDSCH (using LTE-A antenna ports). If in addition a LTE-A UE is scheduled in this RB, the UE need also to estimate one precoded DMRS per layer for the PDSCH demodulation. In total, up to twenty different antenna ports
 could be necessary to estimate in a single RB.
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Figure 4 Alternative 2 example for defining cell specific LTE-A antenna port for CSI estimation
Another drawback with Alternative 2 is that LTE UE PDSCH will always be punctured by 8 RS when LTE UE is scheduled in the RBs with the LTE-A cell specific RSs of 8 antenna ports. Furthermore, all 8 RSs for LTE-A measurements are sparse, compared to Alternative 1 where the re-used LTE ports have a denser RS. Hence, better measurement performance are expected for the re-used ports in Alternative 1. 
The benefit of Alternative 2 is that the variation of N, the number of LTE antenna ports, doesn’t impact on the definition and RS location of LTE-A antenna ports. In the future, when most UEs in the system have LTE-A capability, N can be reduced as long as the PDCCH coverage (for LTE and LTE-A) is maintained.

Another benefit of Alternative 2 is that no antenna mapping is needed to be agreed on to evaluate the MIMO precoding codebook for LTE-A and to evaluate the LTE-A performance.

4 Conclusion
In this document, two possible definitions of 8 antenna port in LTE-A are presented and discussed in the aspects of backward compatibility, overhead and implementation. These are
Alternative 1:  The N LTE antenna ports are a subset of the 8 LTE-A antenna ports 

Alternative 2:  The N LTE antenna ports are not a subset of the 8 LTE-A antenna ports
In the table below the discussion is summarized assuming that N antenna ports are used for LTE UEs. 
If the trivial mapping 
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 is used for the LTE antenna ports, then clearly Alternative 1 is the most attractive since it has less overhead and obviously avoid the need to agree on a mapping function for evaluation and has less channel estimation complexity than Alternative 2. The trivial mapping could be useful when upgrading an LTE eNB to eight antenna LTE-A eNB by keeping the LTE PA and adding LTE-A PA’s since then the coverage of LTE antenna  ports are maintained. In this case, the EPRE of LTE and LTE-A transmission may need to be different to have the same coverage of LTE and LTE-A.

It would be useful to discuss the two Alternatives and hear other RAN1 participants view on the topic so that we can agree on the definition of LTE-A antenna ports.
Table 1 Summary of the two LTE-A antenna port definition Alternatives

	
	Alternative 1

Reuse the N LTE antenna ports, and define 8-N new cell specific antenna ports for LTE-A
	Alternative 2

Define 8 new LTE-A antenna ports, separate from LTE antenna ports

	Benefits
	· Smaller RS overhead since N LTE ports are reused as LTE-A ports 

· UE needs to estimate only 8 channels

· The N LTE ports have a high RS density 

· For LTE UEs, the data is punctured only by the additional 8-N RS for LTE-A
	· Avoids the use of antenna mapping for LTE-A antenna ports.
· The variation of the number N of LTE antenna ports doesn’t impact on the definition of LTE-A antenna ports. 

	Drawbacks
	·  A varying number (4,6 or 7)  RS patterns for the additional LTE-A antenna ports needs to be specified, since it depends on the number of LTE antenna ports defined in the cell

· If a non-trivial mapping is assumed, then the antenna mapping for LTE-A precoding codebook evaluation purposes must be agreed upon
	· Higher overhead since N LTE RS plus 8 additional LTE-A RS needs to be transmitted 
· UE needs to estimate N+8 channels

· For LTE UEs, the data are punctured by port 0~7 RS for LTE-A 
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LTE-A antenna port 0~7








LTE/LTE-A antenna port to LTE-A power amplifier mapping
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� In case there are N=4 LTE RS, 8 LTE-A measurement RS and 8 precoded DMRS due to 8 layer MIMO transmission.
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