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1. Introduction 
TDD channel reciprocity is a well known feature that can be utilized to reduce the UL feedback for DL MIMO and CoMP transmission. However, one challenging issue for channel reciprocity in LTE-A is when the number of Rx antennas is not equal to the number of Tx antennas at the UE, which means that only partial downlink CSI can be obtained from the uplink SRS. For correlated antenna transmission, such partial CSI can result in acceptable performance [1]. However, for uncorrelated antenna transmission (higher carrier frequency, polarized antennas, etc.), downlink transmission based on partial CSI will experience a substantial performance degradation. 
Besides partial CSI, statistical CSI can be also used on the assumption that the statistical characteristics of partial CSI and full CSI is similar in the case of closely spaced antenna arrays. However, the use of statistical CSI is constrained by the antenna separation, and hence cannot fully solve the problem.
This contribution investigates the combination of SRS and PMI feedback, that is, for the UE antennas without Tx, PMI is employed to describe the CSI, while for the other antennas SRS is used. The PMI selection should aim to optimize the capacity for the global channel matrix for all antennas. We also present simulation results in this contribution to verify the performance of such hybrid CSI feedback.
2. Description of the hybrid feedback
In this paper, we assume 4 Tx/Rx at the eNB side and 1 Tx/ 2 Rx at the UE side. The feedback procedure can be described as below:
· The UE firstly estimates the DL channel parameters 
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 via the received CSI-RS, for which 
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matrix with the 
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(the channel parameters between the eNB’s
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transmitting antenna and the 
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 UE’s receiving antenna).

· Without loss of generality, we assume the UE’s antenna 1 is employed to feed back SRS to the eNB. In our example here, the UE then performs SVD decomposition of the partial CSI matrix 
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, and derives the principal right singular vector 
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 for the precoding matrix’s corresponding part. The 
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 codeword 
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is selected to maximize the capacity of the precoded channel 
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· The UE transmits SRS and the PMI of
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to the eNB.
The eNB can then jointly identify suitable precoding to apply, based on the SRS for the UE’s transmitting antennas and the PMI for the UE’s non-transmitting antennas. 
3. Simulation verification

Simulations were conducted to show the performance of the hybrid SRS and PMI feedback based on the assumptions in Table 1.

Table 1 Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	4 Tx/Rx at the eNB side, 1-Tx/2-Rx at the UE side

	Feedback scheme
	1. Full CSI – 2 SRS

2. Hybrid – 1SRS + 1 
[image: image15.wmf]41

´

 PMI

3. Full PMI - 
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4. Partial CSI – 1 SRS

	Distance of UE antennas
	0.5 lambda

	Distance of BS antennas
	10 lambda

	Bandwidth
	10M

	Codebook 
	Reuse R8

	Channel model
	SCM C

	CE algorithm
	DFT-based and 2-D MMSE interpolation

	Carrier frequency
	2.5 GHz

	SRS delay
	5 ms 

	Codeword number
	2

	Scheduled resource  block
	10 RB

	Precoding granularity 
	2 RB

	UE mobile speed
	3km/h


Four feedback schemes are compared in Fig.1, i.e., Full CSI – 2 SRS (SRS transmitted from both UE antennas), Hybrid – 1SRS + 1 
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 PMI, Full PMI - 
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 PMI (no SRS), Partial CSI – 1 SRS but no PMI. As shown in Fig.1, the hybrid feedback scheme can achieve 1 dB gain compared to the cases with only PMI feedback or only partial SRS feedback. As expected, the hybrid feedback does not achieve the same performance as SRS transmitted from both UE antennas, but is a useful compromise when only a single transmit antenna is available. Also, such a hybrid feedback scheme can support more UEs than the existing 16 SRS sequences (without having to use two SRS sequences per UE).
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Fig. 1 Throughput vs SNR
4. Conclusion

This contribution demonstrates the use of PMI in conjunction with SRS to support asymmetric Tx/Rx antenna configuration scenarios in TDD. As shown in the simulation results, such a hybrid scheme can achieve useful gain compared to the use of PMI feedback alone, and also compared to the use of SRS from only one antenna. 
Moreover, as TDD PMI is always a subset of FDD PMI, no special standardization is necessary to support the asymmetric antenna configurations. Therefore, such a hybrid feedback scheme enables maximum commonality to be maintained between TDD and FDD.
We therefore propose that for implicit feedback, the TDD UE employs PMI to feedback the CSI for those antennas without Tx functionality, and employs SRS for those antennas with Tx functionality. 
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