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1 Introduction

It is discussed in this contribution that it is useful for the following discussion in RAN1 to define SRS and DRS antenna ports for the uplink. Furthermore, a LTE-A UE may be equipped with up to four transmit antennas but due to several reasons discussed in Section 3, it is found useful if the UE could be configured to have fewer SRS and/or DRS antenna ports than its maximum.
2 Definition of DRS and SRS antenna ports

We here describe how uplink antenna ports may be defined for LTE-A. The definitions are general and gives the possibility to within a common framework describe uplink transmission with SU and MU MIMO including eNB controlled rank and precoding or uplink transmit diversity. Since there are two types of reference signals in the uplink, the demodulation reference signals (DRS) and the sounding reference signals (SRS), we define the corresponding DRS antenna ports and SRS antenna ports in the following.

It is assumed that a multiple antenna UE can transmit multiple orthogonal SRS. Each of the transmitted SRS defines an SRS antenna port and these are used for measurements as in LTE. Hence, the SRS transmission need only be sparse in time and frequency. The SRS antenna port in the uplink is what we normally refer to as an “antenna” and is thus equivalent to the antenna port concept used in the LTE downlink (i.e. port 0-3).

Furthermore, a DRS antenna port is defined by its corresponding DRS and is only transmitted in those PRB where the UE is scheduled. Each DRS antenna port is mapped to the physical antenna elements, but is better described as an antenna mapping between DRS and SRS antenna ports. This description gives the possibility to adapt the number of DRS antenna ports (rank), precoding matrix or transmission mode (spatial multiplexing, transmit diversity) by using SRS measurements. The number and identity of the DRS are signaled by the eNB to the UE.
The antenna mapping must be unique for each DRS antenna port and could be a precoding matrix selected by the eNB in which case closed loop spatial multiplexing is obtained and the number of DRS antenna ports is then equivalent to spatial multiplexing rank. This would give precoding gain for the DRS which would improve the channel estimation performance. 


[image: image1]
Figure 1 The concept of DRS and SRS antenna ports for the uplink.  The DRS and SRS antenna ports are connected through an Antenna mapping function which for instance could be an eNB selected precoding matrix.

The antenna mapping could also be open-loop, i.e. not controlled by the eNB, but uniquely specified in the standard. This may be used if open loop spatial multiplexing is specified and for transmit diversity. It is also possible for the antenna mapping to be an non-standard, i.e. implementation issue, since the DRS are used for the demodulation. This could be useful for TDD systems where channel reciprocity could be utilized to select the antenna mapping, however, non-specified antenna mapping may create problems of MCS selection in the eNB since SINR depends on the unknown mapping. Note also that the DRS has its equivalence in the LTE downlink in the dedicated reference symbols although there is only one such port defined (port 5).

Figure 1 illustrates the DRS and SRS antenna port concept where two DRS antenna ports are defined for a UE with four SRS antenna ports.
3 Configurable number of antenna ports 

It has been found useful if the number of DRS and SRS antenna ports is configurable. There are several reasons which are further discussed in this section.

Firstly, when the LTE-A UE communicates with a LTE eNB, it should for backward compatibility reasons, operate as a LTE UE, which has only a single transmit antenna. In other words, it should transmit a single SRS. When it moves to a cell operated by a LTE-A eNB, it may operate using multiple antenna ports to enable uplink spatial multiplexing or transmit diversity. A UE should  therefore be able to operate by transmitting either a single SRS or multiple SRS. 
When the UE transmits in power limited scenario, the utilization of all the power amplifiers must be ensured, which can be achieved by using a precoding vector to precode the single SRS. In a TDD system, the precoding vector could be selected by the UE due to channel reciprocity and thereby obtain precoding gain, which would improve sounding performance, especially for power limited cell edge UEs. For FDD, the precoding vector could also efficiently utilize all of the PA transmission power but how to obtain precoding gain in this case is FFS. For UEs that are not power limited and which could benefit from uplink spatial multiplexing, non-precoded SRS should be transmitted from the multiple SRS antenna ports. 
Moreover, the SRS overhead for LTE-A was discussed in [1] and it was concluded that with the introduction of multiple antenna UEs, each UE will require multiple SRS and the sounding channel will become congested. It was therefore suggested in [1] to be able to activate and de-activate the SRS transmission from multiple transmit antennas, i.e. to adaptively configure the number of SRS antenna ports.  
There may also be capacity benefits in uplink MU-MIMO if MU-MIMO active UEs transmit a single SRS/DRS only (i.e. behaves as a LTE UE), since the eNB could then support a larger number of MU-MIMO active users.
In [2] it was shown that in some channel scenarios the use of transmit diversity with four DRS antenna ports and the related channel estimation of four channels has worse performance for PUSCH transmission than the two DRS antenna ports using an antenna mapping to four antennas. Hence, the channel estimation performance further motivates UE operation with fewer DRS ports than its maximum number of DRS antenna ports. A simulation example of this is given in Section 4 below. The same concern about channel estimation performance with four antenna ports compared to two antenna ports was expressed in [3] for PUCCH. 
Furthermore, since PUCCH is code multiplexed between users, where the codes are the set of available DRS, there could also be capacity and interference reduction gains by reducing the number of DRS antenna ports a certain UE use for PUCCH transmission, if the UE could reach acceptable PUCCH performance with less DRS antenna ports. 

Finally, it was proposed in [4] to use precoded DRS for SU-MIMO transmission to obtain precoding gain and thereby improved channel estimation performance. A precoded DRS means that the eNB needs to select the precoding matrix based on SRS measurements and that the number of DRS antenna ports is equal to the rank of the MIMO transmission and is thus adaptively configured by the eNB. 
4 UL TX diversity example
In this section we give an example of how a reduction of the number of DRS antenna ports could improve link performance. Figure 2 shows the application of DRS and SRS antenna ports for TX diversity. The eNB measures the uplink channels from the SRS antenna ports by using the multiple transmitted SRS and then signals in the UL grant or through e.g. RRC how many DRS antenna ports the UE should use for the diversity transmission of PUSCH. 

If four DRS antenna ports are allocated, this UE will use the uplink 4TX antenna diversity scheme, and transmit four DRS, one per antenna port, see Figure 2(a). The eNB estimate the four channels by using the DRS and demodulates the PUSCH data transmitted by the 4 TX antenna diversity scheme. Note that the antenna mapping and the SRS are not involved in the demodulation of the PUSCH since from the eNB perspective the used “transmit antennas” are now defined by the four DRS antenna ports. Also, TX diversity is assumed to be open loop and the antenna mapping is thus not controlled by eNB.  

If two DRS antenna ports are allocated for a UE with four SRS antenna ports, this UE will then use the defined uplink 2 TX antenna transmit diversity scheme, and transmit two DRS, one per antenna port, see Figure 2(b). The eNB needs in this case only estimate two channels by using the two DRS transmitted from the two DRS antenna ports. Compared to the four DRS case above, each DRS has double power which will improve the channel estimation, given that the total DRS power is constant. 


[image: image2]
Figure 2 Uplink transmit diversity for 4 TX antennas using (a) a four antenna TX diversity scheme (b) a two antenna TX diversity scheme and antenna mapping
4.1 Link simulation results
Link level BLER performances of some TX diversity candidates are compared in a frequency selective channel (Typical Urban) and in a frequency flat channel. The channels for different transmit-receive antenna pairs are assumed to be fading independently. Furthermore, we denote the SRS antenna ports as “antennas” to simplify the discussion.

In the case of four antennas and two DRS antenna ports, we introduce a subcarrier dependent antenna mapping relation between the symbol transmitted on antenna j, zj,  and the symbol transmitted on DRS antenna port i, xi.  The used mapping relation can on subcarrier n be described as
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. In the case where the number of DRS antenna ports equals the number of antennas, the antenna mapping function was selected as the identity matrix. For more simulator assumptions, see Appendix I.
Results are shown for a transmission bandwidth of 6 resource blocks (RB), see Table 1 and 2 for TU and flat channel respectively. In the TU channel, 4 antennas and using 2 DRS antenna ports has the best performance and we also see that there is no gain at all for CDD and FSTD when a 4 TX antenna diversity scheme are used over a 2 TX antenna diversity scheme, unless the number of DRS antenna ports is reduced to two. Note that as the codeword is transmitted over all four antennas in the case when 2 DRS antenna ports are used, more TX diversity is obtained compared to using 2 DRS antenna ports in the case of two antennas.
In a flat fading channel on the other hand, best performance is obtained using the 4 antennas directly, i.e. with four DRS antenna ports (antenna mapping is the identity matrix).  We also see that the Modified-SFBC and Modified-SFBC+FSTD schemes [4] provide the lowest required SNR, 0.8 dB lower than FSTD in the flat channel. 
Table 1: The required SNR in dB at BLER = 0.01 for TU channel
	Number of  antennas
	Number of DRS antenna ports
	Mod-SFBC or    Mod SFBC+FSTD
	CDD
	FSTD

	2 
	2
	5.3
	5.5
	5.4

	4
	4
	5.0
	5.5
	5.4

	4
	2
	4.7
	4.8
	4.7


Table 2: The required SNR in dB at BLER = 0.01 for flat channel
	Number of physical antennas
	Number of DRS  antenna ports
	Mod-SFBC or Mod SFBC+FSTD
	CDD
	FSTD

	2 
	2
	5.6
	6.4
	6.8

	4
	4
	3.8
	5.0
	4.6

	4
	2
	5.3
	5.6
	5.4


5 Conclusion
In this contribution, the SRS and DRS antenna ports were defined and it was discussed that it is useful if the number of SRS and DRS antenna ports could be configured by the eNB. The reasons for configurability are several:  backward compatibility with LTE eNB, less SRS overhead, increased PUCCH capacity, additional precoding gain and improved channel estimation performance. 

Therefore, we suggest that RAN1 introduce the concepts of DRS and SRS antenna ports for the uplink in LTE-A and that the number of DRS and SRS antenna ports is made UE specific and configurable. When a single SRS antenna port is configured, as in the power limited scenario, precoded SRS should be used. In other cases, non-precoded SRS should be used.
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Appendix I
Simulator assumptions
Table 5  Link simulation assumptions
	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Sub-frame size
	1ms

	Data bandwidth
	6 RB

	Channel model
	· TU channel
· Flat fading channel

Independently fading

	Modulation
	QPSK

	Channel coding
	Turbo code 
coding rate=1/2

	Antenna configuration 
	4 at UE and 2 at eNB
2 at UE and 2 at eNB

	Channel estimation
	realistic

	UE velocity
	3km/h

	Frequency domain equalization
	LMMSE

	The number of delay samples for CDD
	            128

	The cyclic shift of Modified SFBC+FSTD
	  18

	Antenna mapping function (2 ports and 4 TX case)
	          CDD with 10 delay samples
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