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1. Introduction
In RAN1#56bis, the decision on precoding for TDD is as:

· Precoding for TDD, 

· continue discussion about codebook-based vs non-codebook based approaches. 
Considering comments raised online and offline during the meeting, we further analyze the performance of non-codebook based precoding in TDD in this contribution taking following issues such as mismatch in precoder between UE side and eNB side, non-ideal channel state information and impact of non-calibrated UE Tx antennae into account. 
2. Discussion
In this section, we discuss those issues mentioned above categorically with simulation results.
2.1. Mismatch of precoding and CQI estimation
In corresponding CQI estimation of non-codebook based precoding in eNB, CSI based on sounding RS is usually decomposed to get precoding matrix first, and then corresponding SINRs are calculated with the aid of equivalent channel. The decomposition is expected to use the same arithmetic as precoding process in UE, such as singular value decomposition (SVD). However, SVD is the main but not the only arithmetic to get precoding matrix from channel matrix. Some other methods such as ZF, MMSE or QR decomposition can be used for precoding and CQI estimation. If the precoding process and CQI estimation use different methods to get precoding matrix, then mismatch of precoding gains and CQIs may lead to loss of throughput. 

As ZF and MMSE methods produces similar precoding matrix with SVD, their mismatch can be neglected. If QR and SVD are worked individually in UE and eNB, the loss may be lager. Corresponding simulation results are presented as figure 1.
Table 1 Simulation parameters
	Parameter

	Assumption

	Antenna configuration
	2×2

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Bandwidth
	5M

	DRS estimation
	Perfect

	Channel model
	SCM-UrbanMacro

	Precoding
	SVD or QR based non-codebook

Codebook with identity matrix for rank=2 

	MCS 
	Refer to 36.213

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI delay
	5 ms 

	Sounding estimation(CQI)
	Perfect

Real (Only with channel noise)

	CSI
	Perfect

Real(2D-MMSE channel estimation for 2 ports downlink CRS)

	Codeword number
	2

	Layer number
	2 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	Wideband precoding for codebook

2 PRBs for noncodebook

	DRS overhead 
	2 symbol for each subframe

	Calibration
	Non-ideal calibration with (0-6dB) random power offset and  (0-2π) random phase offset for all transmit antennas
with calibration error of 1dB power offset and π/18 random phase offset for one transmit antenna 

	UE mobile speed
	3km/h
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Figure 1: Performance comparison for mismatch of precoding and CQI estimation
From above figure, mismatch of SVD and QR will not lead to significant loss in throughput. We can still use non-codebook based precoding and corresponding CQI estimation in UE and eNB even if different arithmetic are used to get precoding matrix.
2.2. Non-ideal channel state information
Utilizing channel reciprocity, uplink channel state information can be acquired from the downlink channel estimation to get precoding matrix. In fact, channel estimation error and CSI delay can’t be avoided, which will more or less affect the performance of non-codebook based precoding. However, precoding matrix based on channel decomposition such as SVD is robust enough to allow some extent of error. Combining non-ideal CSI and SRS, corresponding simulation results are shown below.
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Figure 2: performances of non-ideal channel state information and SRS
Figure 2 shows that even with non-ideal CSI and SRS, non-codebook based precoding still shows significant performance gain over codebook based precoding. Even in non-ideal channel reciprocity, with sounding reference error and downlink channel estimation error, performance of non-codebook based precoding is still robust.
2.3. Calibration 
In MIMO transmission, sudden change in temperature may vary the properties of crystal oscillator, filters and amplifiers of antennae. When an UE changes its state from idle to connected mode, due to the activation of the circuitry, the temperature may rises quickly around 10-30 degree Celsius, which significantly impacts the RF properties differently on multiple antennae. To support the non-codebook based precoding in uplink, the multiple antennae at the terminal shall be calibrated so that all of the antennae would have similar amplitude and phase properties. Figure 3 compares the performance of non-codebook based precoding with/without calibration and with residual calibration error as well in UE based on the assumption that the amplitude offset is 3dB at most for every transmit antenna with random phase offset. The result shows that calibration in UE is necessary for uplink non-codebook based precoding.
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Figure 3: performance of non-codebook based precoding
3. Conclusion
This contribution analyzes some details of uplink non-codebook based precoding. As shown by the simulation results, non-codebook based precoding exhibits robust performance in different non-ideal simulation assumptions. So we propose for uplink SU-MIMO, non-codebook based precoding should be baseline for TDD system in LTE-A.
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5. Appendix 
In former contributions we provide some analysis on implementation details and simulation with non-ideal assumptions to show the advantages of non-codebook based precoding. Some simulation results are summarized as follows. 
Table 2, Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	2×2 

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Bandwidth
	5M

	Channel model
	SCM-UrbanMacro

	Codebook
	Same codebook as downlink LTE-R8

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI delay
	5 ms 

	Non-ideal link adaptation 
	Sounding estimation: SNR=10dB 
Downlink CSI: SNR=10dB

	DM RS estimation 
	Ideal 

	Codeword number
	2

	Layer number
	2 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	6 for codebook

2 for non-codebook

	Pilot overhead 
	2 symbol for each subframe

	UE mobile speed
	3km/h


5.1. Rank adaptation and link adaptation
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Figure 4 Performance comparison with non-ideal link adaptation
From above figure, non-codebook based precoding shows significant performance gain over codebook based precoding, about 2 dB. For the non-codebook based precoding, inconsistence uplink and downlink channel may cause performance degradation, but the performance of non-codebook based precoding is robust enough.
5.2. Power imbalance
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Figure 5: Distribution of power difference between two antennas
It is observed from the above curves that the difference of power imbalance between non-codebook based precoding and the open-loop SDM is not significant, 90 percentile differences is about 0.5 dB. From some conclusions, the impact of 0.5dB power imbalance on the system throughput is negligible.
5.3. Non-ideal channel estimator
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Figure 6: Performance comparison with non-ideal channel estimation 
In the simulation, CDM is assumed in the RS structure and ZC sequence is applied. As expected, non-codebook based precoding works well in real channel estimation for demodulation RS, where about 2 dB SNR gain is shown. The simulation assumptions are given in Table 2 except that DM RS channel estimation is real.
