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1
Introduction
Uplink antenna switching has been introduced in LTE to realize an uplink transmit diversity when a UE is equipped with two Tx and Rx antennas (and two receive chains) but with only a single transmit chain. An RF switch plays a critical role in realizing time switched transmit diversity (TSTD) or selection transmit diversity (STD), which connects the PA output signal to either the first or the second antenna. The TSTD delivers the uplink demodulation reference, control, or data signal alternately through the two antennas, while the STD delivers it through the better antenna selected by Node-B. In order to enable Node-B to select the better antenna, uplink sounding reference signal (SRS) needs to be alternately transmitted through the two antennas.
It is still controversial whether the UL antenna switching based transmit diversity provides an ultimate performance gain as the RF switch practically brings about a non-negligible SNR loss.

In this document, we investigate the value of uplink antenna switching from a different angle – DL precoding in the TDD system. Though the codebook element feedback based precoding is still an option, the UL SRS measurement and channel reciprocity based precoding is an attractive alternative in the TDD system. When there are two antennas and two receive chains but only one transmit chain, we find that the RF switch based alternate transmission of UL SRS through the two antennas fully provides the channel state information for DL precoding. As DL and UL have different device transfer functions, a calibration procedure is essential to exploit the channel reciprocity, for which we propose that each transmission of UL SRS should be modulated by an inversion of a relevant DL channel estimate.                    

2
TDD DL Precoding via UL SRS Measurement
Figure 1 shows a 2x2 antenna configuration, where we assume that UE is equipped with 2 receive chains but only 1 transmit chain (i.e., baseband-RF-PA chain). Node-B is assumed to have 2 transmit and 2 receive chains. Note that the principle described below is applicable to the cases even with a larger number of transmit or receive antennas in a similar way if the set of receive antennas fully includes the set of transmit antennas at Node B. The overall DL and UL channel transfer functions in the TDD system are described as follows:
· DL Channel: HDL,ij (k) = DUE-Rx,i (k) HCh,ij(k) DNB-Tx,j(k) = DDL,ij(k) HCh,ij(k) (from Node-B antenna j to UE antenna i)
· DUE-Rx,i (k): The ith diagonal element of 2x2 diagonal matrix corresponding to UE Rx device characteristics for sub-carrier index k
· DNB-Tx,j(k): The jth diagonal element of M x M diagonal matrix corresponding to Node-B Tx device characteristics for sub-carrier index k
· DDL,ij(k): Overall transfer function describing the effects of the jth Node-B Tx antenna and the ith UE Rx antenna for sub-carrier index k
· HCh,ij(k): Channel propagation transfer function between the jth Node-B Tx antenna and the ith UE Rx antenna for sub-carrier index k, which is reciprocal between DL and UL in TDD 

· UL Channel: HUL,ji (k) = DNB-Rx,j (k) HCh,ij(k) DUE-Tx,i(k) = DUL,ji(k) HCh,ij(k) (from UE antenna i to Node-B antenna j)
· DNB-Rx,j (k): The jth diagonal element of M x M diagonal matrix corresponding to Node-B Rx device characteristics for sub-carrier index k
· DUE-Tx,i(k): The ith diagonal element of 2x2 diagonal matrix corresponding to UE Tx device characteristics for sub-carrier index k
· DUL,ji(k): Overall transfer function describing the effects of the ith UE Tx antenna and the jth Node-B Rx antenna for sub-carrier index k
· HCh,ij(k): Channel propagation transfer function between the ith UE Tx antenna and the jth Node-B Rx antenna for sub-carrier index k, which is reciprocal between DL and UL in TDD 
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Figure 1
Asymmetric Tx/Rx chains at UE (2x2 antenna configuration): Only UE antenna 0 is used for transmission while both UE antenna 0 and UE antenna 1 are used for reception.
Assuming that the “propagation channel” HCh,ij(k) is the same between UL and DL in the TDD system, UE can provide sufficient channel state information for DL precoding if the SRS is transmitted through both UE antenna 0 and UE antenna 1 and a relevant calibration is performed. In order to realize it, we propose to use modulated and non-modulated SRS transmissions and a UE Tx antenna switching device, as is shown in Figure 2 and Figure 3.
2.1. Calibration Mode

Figure 2 shows an alternate transmission of modulated SRS through UE antenna 0 and UE antenna 1, which is performed in the calibration stage. Tx switch alternately connects the PA output signal to

· antenna 0 to deliver the estimates of 1/HDL,00 (2kL) and 1/HDL,01 ((2k+1)L) at time 0, and 
· antenna 1 to deliver the estimates of 1/HDL,10 (2kL) and 1/HDL,11 ((2k+1)L) at time 1, 
where the DL channel transfer functions are measured by use of two sets of orthogonal DL RS tones. In the figure, we assume that an SRS is transmitted every L tones, and o(0) and o(1) denote potential tone index offsets associated with the sounding channels for antenna 0 and antenna 1.

Then, Node-B naturally receives overall modulated UL transfer functions 
· HUL,00 (2kL) /HDL,00 (2kL) and HUL,10 ((2k+1)L) /HDL,01 ((2k+1)L) through Node-B antenna 0 and antenna 1 at time 0, and 
· HUL,01 (2kL) /HDL,10 (2kL) and HUL,11 ((2k+1)L)/HDL,11 ((2k+1)L) through Node-B antenna 0 and antenna 1 at time 1. 
Due to the reciprocity of the propagation channels, the observation of the modulated UL transfer functions are equivalent to the observation of the ratios of UL device transfer functions to DL device transfer functions
· DUL,00 (2kL) /DDL,00 (2kL), DUL,10 ((2k+1)L) /DDL,01 ((2k+1)L), and 
· DUL,01 (2kL) /DDL,10 (2kL), DUL,11 ((2k+1)L)/DDL,11 ((2k+1)L).
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Figure 2
Alternate transmission of modulated SRS via Tx switch in the calibration mode: UE antenna 0 sends back inverted DL channel estimates associated with UE antenna 0, while UE antenna 1 sends back DL inverted channel estimates associated with UE antenna 1 (channel mirroring).

Assuming that the coherence bandwidth of the device transfer functions is larger than 2Lfo for the sub-carrier spacing of fo, we approximately have 
· DUL,ji (2kL) /DDL,ij (2kL) = DUL,ji ((2k+1)L) /DDL,ij ((2k+1)L) = DUL,ji (n) /DDL,ij (n),  i = 0, 1,  j = 0, 1
for at least 2L consecutive tone indices n = 2kL, 2kL+1, …, 2(k+1)L-1. We can even average over multiple SRS tones to get a better estimate of the ratios if the coherence bandwidth of the device transfer functions is much larger than 2Lfo.
In the above FDM-TDM approach, we assumed that all the inverted DL transfer functions associated with a certain UE antenna is sent back at a time by using different SRS tones. Alternatively, we may take a pure TDM approach sending back the inverted DL transfer function associated with only a single Node B antenna and a single UE antenna at a time. More specifically, Tx switch alternately connects the PA output signal to

· antenna 0 to deliver the estimate of 1/HDL,00 (kL) on the kL-th tone at time 0, and
· antenna 1 to deliver the estimates of 1/HDL,10 (kL) on the kL-th tone at time 1, and
· antenna 0 to deliver the estimate of 1/HDL,01 (kL) on the kL-th tone at time 2, and   

· antenna 1 to deliver the estimates of 1/HDL,11 (kL) on the kL-th tone at time 3 

so that Node-B can restore the ratios DUL,ji (kL)/DDL,ij (kL), i=0,1, j=0,1 over four time intervals. If Node-B has more than two antennas, various FDM-TDM transmission options are possible.

Moreover, the modulation symbol of the SRS (i.e., DL channel estimate of 1/HDL,ij at UE) may take a form different from the direct inversion of the estimate of HDL,ij, which might not provide the best calibration information to maximize the ultimate DL precoding gain. Some other examples of the modulation symbol are:
· MMSE-type inversion of DL channel =
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· Phase of complex conjugate of DL channel  = 
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· Complex conjugate of DL channel  = 
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 Figure 3
Alternate transmission of non-modulated SRS via Tx switch in the normal mode
2.2. Normal Mode

After the calibration mode described in Section 2.1, Node B obtains four sets of calibration factors (i.e., ratios of UL device transfer functions to DL device transfer functions). Then, in the normal mode depicted in Figure 3, UE alternately transmits non-modulated SRS through antenna 0 and antenna 1. Node B divides the UL channel measurement result HUL,ji obtained from the non-modulated SRS by the calibration factor DUL,ji/DDL,ij to restore the overall DL channel HDL,ij. More specifically, for the example shown in Figure 2 and Figure 3, we restore the overall DL channels corresponding to SRS tones by 

· HDL,ij (kL) = HUL,ji (kL) / (DUL,ji (2L[k/2])/DDL,ij (2L[k/2])) -1,  i = 0, 1,  j = 0, 1
and other tones by an interpolation. 

Once the DL channel estimates are available at Node-B, Node-B can derive the optimal precoding vectors (for example, via singular value decomposition). On the other hand, for the optimal rank selection and potentially different power allocation for each layer, Node-B also needs to get the information of DL noise level (or noise covariance matrix) or DL SNR. Therefore, UE separately needs to report the DL noise information or DL SNR through an uplink control channel (e.g., CQI channel) to maximize the precoding gain. 

3. Conclusions

In this document, we proposed to use an UL Tx switching device and UL sounding channels to provide sufficient DL MIMO channel state information necessary for TDD DL precoding when the number of the UE transmit chain(s) is smaller than that of the UE receive chains. If the same set of UE antennas are shared by Tx and Rx, the Tx antenna switching is not needed but the same principle can be applied. 
In order to compensate for the discrepancy of device transfer functions between DL and UL, we proposed to transmit modulated sounding channels in the calibration mode, where the modulation symbol is a relevantly tailored DL channel estimate (e.g., inverted DL channel).

By using the non-modulated sounding channels received in the normal mode and the calibration factors, Node-B restores the DL channel state information necessary for precoding. The feedback of DL noise information or DL SNR can further enhance the SRS based TDD DL precoding via an optimal rank selection and/or unequal power allocation.       
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