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1. Introduction
We have shown the analytical advantages as well as the performance gain of non-codebook based precoding in uplink through simulations in previous RAN1 meetings. Considering the comments from few companies on non-ideal assumptions and the implementation specific issues, we provide some analysis on implementation details and simulation with non-ideal assumptions to show the advantages of non-codebook based precoding.
2. Discussion
Since non-codebook based precoding technique exploits the channel reciprocity in TDD system, the performance gain is obvious. On the other hand, utilizing channel reciprocity requires some detailed analysis on implementation specific issues compared to codebook based precoding technique in general. In the following sub-sections we study the rank adaptation, antenna calibration, power imbalance, non-ideal channel estimator issues in details.
2.1. Rank adaptation and link adaptation

We assume in non-codebook based precoding technique, rank adaptation and link adaptation can be based on SRS, so our preference is non-precoded SRS transmission in uplink. Considering the mechanism of “eNB-directed with SRS”, rank calculation, CQI determination and MCS selection is done at eNB side while precoding vector is generated at UE. Since, there are precoding vector generators both at eNB and UE sides, from the view point of performance robustness, to keep the precoding algorithms at both sides same is an optimal choice. SVD based algorithm is widely used for beamforming in TD-SCDMA, it provides a good trade-off between performance and complexity, thus we deem SVD based algorithm is a better selection. 
For the SVD algorithm, suppose that M antennas in the eNB and N antennas in the UE, the number of complex multiplication is about 0(M*N^2) times per precoding vector generation based on TD-SCDMA system design. In fact, calculation complexity can be optimized further from the implementation aspect. In case of the hardware cost and power consumption, there will be a little increase, but considering the achievable performance gain, non-codebook based precoding is still a promising technology for the TDD system. 
Regarding rank adaptation, rank value of the real channel changes relatively slowly, the rank of the channel depends on correlation of the channel and SNR variation. So the difference between the rank determined by eNB based on SRS and the rank value required in uplink for SU-MIMO transmission is very small.
Regarding link adaptation, eNB determines the CQI based on SRS, suppose the precoding vector generators at UE and eNB are same, the CQI estimation error could arise from the downlink channel estimation error on CRS and the uplink channel estimation error on SRS. In the simulations, we model this channel estimation error in performance evaluating non-ideal link adaptation. 
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

	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
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Figure 1 Performance comparison in 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 i uplink and downlink channel may cause performance degradation. But even in non-ideal link adaptation case, with sounding reference error and downlink channel estimation, the performance of non-codebook based precoding is robust.
2.2. Antenna calibration 
In [2], we discussed two solutions for antenna calibration, one is over-air calibration and anther is self-calibration.
In over-air calibration, there is some signaling requirement (channel information or phase information) between UE and eNB in order to calibrate the multiple antennae at UE. Required feedback information and the periodicity depend on the precision of calibration and the variation in uplink and downlink RF paths. The over-air calibration doesn’t require extra circuitry and thus no increase in cost of either UE or eNB, however it requires transmission of signaling over air. The variation in RF characteristics of the components is relatively slow, signaling transmission period could be in the range of hours thus the overall overhead is very small.
In self-calibration, it is required that multiple antennae at UE are capable of independent transmission and reception, however it’s not required that one particular antenna is capable of simultaneous transmission and reception. In an UE capable of transmitting in multiple antennae, each antenna has independent controlling switch thus the increase in additional cost is negligible. From the complexity point of view, it is required to transmit calibration signal from one antenna and receive from anther, since the calibration period is relatively large thus the complexity is minimal. 
2.3. Power imbalance
In [3], performance loss due to gain imbalance was analyzed. In this section we analyze the power imbalance due to non-codebook based precoding to understand the potential impact on the performance. The figure below is the CDF of the power difference between two antennae at UE in case of OL-SDM and non-codebook based precoding. 
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Figure 2 Power difference distribution 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 the conclusion in [3], the impact of 0.5dB power imbalance on the system throughput is negligible.
2.4. Non-ideal channel estimator
The quality of channel estimation will impact the receiver performance; here we provide the performance evaluation based on real 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 is given in Table 1 except that DM RS channel estimation is real.
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Figure 3 Power difference distribution between two antennas

3. Conclusion
This contribution analyzes some details of uplink non-codebook based precoding. As a basic feature, channel reciprocity of TDD system can improve system design significantly. As shown in the simulation result, non-codebook based precoding exhibits robust performance in different non-ideal factors.  Hence, we propose 

· Non-codebook-based precoding shall be a baseline for the uplink spatial multiplexing of LTE-A TDD system.
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