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1. Introduction
UL SU-MIMO has been discussed in many contributions [1] [2] as an important technology to increase uplink system capacity. Similar to downlink SU-MIMO of LTE-release 8 [3], precoding technology will be an essential component for UL SU-MIMO. In order to make full use of channel reciprocity of TDD system, non-codebook-based precoding can be introduced to LTE-advanced system.

In this contribution, we analyze the feasibility and advantages of non-codebook precoding in TDD system. We also draw a conclusion that non-codebook-based precoding can be a baseline for TDD system in current stage. Additionally, non-codebook based precoding with rank one is also a promising diversity scheme in PRACH and PUCCH.
2. Non-codebook based precoding for PUSCH 
2.1. Basic principle
For the non-codebook based precoding, reciprocity property of the TDD system is fully exploited. The UE can estimate the channel information utilizing the downlink reference signals. Then uplink precoding is performed based on the downlink channel information. In this case, CQI estimation is still performed in the eNB side derived from SRS. Precoded demodulation reference signals can be assisted to improve CQI estimation in the eNB. Additionally, rank value is determined in the eNB side.
2.2. Advantages of non-codebook based precoding
From the procedure of uplink precoding, non-codebook-based precoding has following obvious advantages compared to codebook-based precoding in the TDD system. 
· Accurate precoding matrix

For the non-codebook-based precoding, the generation of precoding matrix doesn’t cause any quantization errors, so the precoding matrix is perfect in matching the real channel. From MIMO theory, non-codebook-based precoding has obvious gain compared to codebook-based precoding because of the transmitter with accurate channel information.
· Less signalling overhead
PMI feedback overhead is considerable in codebook-based precoding, especially for the finer precoding granularity. In order to low down the overhead in the uplink grant, wider precoding is proposed in the R1-083751 [4] in the RAN1-54b meeting. Hence, less signalling overhead is a definite merit for non-codebook-based precoding. 
· More frequency selective gain 
In order to meet requirement of high data rate in the LTE-A system, wideband transmission is necessary. Frequency selective gain is preferred in the case. Because of overhead limitation of PMI indication, wideband precoding is proposed in the codebook-based precoding. However, channel status varies greatly in the wider frequency band. Finer subband precoding can bring significant gains for non-codebook-based precoding. It can further increase the uplink system capacity. It is noted that PAPR increase due to finer precoding granularity is not significant, as shown in the section 4.2 simulation result.
· Closer precoding match

Another merit of non-codebook based precoding is that the UE can directly utilize the downlink reference signals to generate the precoding matrix (closer to UL subframe, CSI is more accurate), while codebook based precoding needs to wait for the indication of downlink control signalling (CSI Measurement from UL Sounding reference signal). Precoding match of non-codebook based precoding may be more accurate. 
In addition, antenna calibration is necessary in non-codebook-based precoding. In case of UL non-codebook precoding, calibration in the UE side is feasible [5].
3. Non-codebook based precoding for PRACH and PUCCH
3.1. Transmit diversity for PRACH
Considering that the LTE-A terminals will be equipped with 2 or more transmit antennae, PRACH transmission can be enhanced. As is shown in [6], various transmit diversity scheme will benefit the PRACH. Potential candidates such as Cyclic Delay Diversity (CDD) or Precoding Vector Switching (PVS) are proposed. In fact, non-codebook based precoding with rank one is still a promising diversity scheme for TDD system, because:  
· Channel reciprocity of TDD system, based on downlink reference signals which are available before PRACH access procedure.
· More gains than traditional transmit scheme, in case of rank one precoding based on accurate channel information.
· Implementation simplicity, without PMI feedback or indication.
· Uplink coverage improvement
Furthermore, non-codebook based precoding is a transformation of PVS, and the only difference is that PVS chooses precoding vectors from a determined codebook set, while  non-codebook based precoding chooses unitary vector based on instant channel information. From this point, non-codebook based precoding with rank one is just an enhancement of PVS scheme, without any big changes on transmission scheme.
3.2. Transmit diversity for PUCCH
For the transmit diversity for PUCCH, Precoding Vector Switching (PVS), Space Time Block Coding (STBC), Frequency Switched Transmit Diversity (FSTD) are potential candidates. From the TDD system perspective, non-codebook based precoding is also very promising. It is obvious that the non-codebook based precoding with rank one can bring more gain than traditional transmission schemes. In the Rel-8, PUCCH repetition is utilized to increase the coverage of PUCCH, thus the non-codebook based precoding can relieve the problem of uplink coverage. 

From the PUCCH structure and resource allocation, Precoded RS and precoded data doesn’t cause any changes. Non-codebook based precoding with rank one performs precoding transmission based on downlink reference signals. In RAN1 #55bis meeting, simultaneous transmission for PUSCH and PUCCH is agreed. Hence, CM or PAPR property of non-codebook based precoding is not serious problem, and the following section has shown that the PAPR increase for non-codebook based precoding is very small.
4. Performance Evaluation
4.1. Simulation assumption 
To assess the performance of codebook-based preocding and non-codebook-based precoding, some link-level simulations are performed. Based on 2x2 and 4x4 antenna configuration the performance evaluation of UL-SU MIMO precoding is performed. In the following section, different simulation scenarios are assumed. Some basic parameters are used along with the simulation parameters in Table 1:
Table 1. Simulation assumptions

	Parameter

	Assumption

	Antenna configuration
	2×2，4×4 

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	Channel model
	SCM-UrbanMacro

	MCS 
	Referred to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	LMMSE

	CQI/PMI delay
	5 ms 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	2 RB/6 RB

	Pilot overhead 
	1 symbol for each slot

	UE mobile speed
	3km/h


4.2.  Gains and PAPR comparison for different precoding granularity 

· Throughput Gains
In order to evaluate the performance of non-codebook based precoding, typical antenna configuration 2x2 and 4x4 of uplink SU-MIMO is assumed.  One important merit of non-codebook based precoding is less limitation on precoding granularity. For codebook based precoding, wideband precoding is the only choice due to PDCCH limitation, which causes the performance loss unavoidably. In the following figures and tables, some performance comparisons are shown. From figure1 and figure2, some observations can be obtained: a) Finer precoding granularity, more gains. b) SNR gain is stable in wide SNR range. c) Gains will decrease slightly in non-full rank transmission.
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               Figure 1  Performance comparison with 2 layers transmission for 2x2
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                   Figure 2  Performance comparison with 2 layers transmission for 4x4
  Table 2  Gains in 2x2 antenna configuration  
	SNR=15dB
	Codebook throughput (bit/s/hz)
	Non-codebook throughput (bit/s/hz)
	Gain

	6 PRB granularity
	2.54
	2.97
	16%

	2 PRB granularity
	2.54
	3.29
	29%


Table 3  Gains in 4x4 antenna configuration: 

	SNR=12dB
	Codebook l  throughput (bit/s/hz)
	Non-codebook throughput (bit/s/hz)
	Gain

	6 PRB granularity
	5.22
	5.82
	11%

	2 PRB granularity
	5.33
	6.17
	15%


According to above tables, the non-codebook based precoding shows significant performance gains over the codebook based precoding. 
· PAPR property
In uplink transmission, the PAPR property is important issue. From the figure 3, it can be seen that the PAPR is very close, less than 0.1 dB between the 2 PRB granularity and 6 PRB granularity for total 6 PRB scheduled bandwidth. It implies that finer precoding granularity of non-codebook based precoding is not a big problem.
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Figure 3  PAPR comparison with 2 layers transmission for 2x2 for non-codebook based precoding
4.3.  Effects of calibration errors
· Calibration error modelling
For UE, assuming that the transmitted and received signals without calibration error are
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 (n=1, 2 …), the transmitted and received signals with calibration error will be
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Where 
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denotes the modulus of x and 
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are the calibration error of amplitude (dB) and phase (degree), respectively. 

Considering that calibration error in the UE side may cause performance degradation, relevant evaluation is performed. In the figure 4, 0.5 dB amplitude error and 10 degree phase error are assumed. Precoding granularity is 2 PRB. From the figure 4, it can be seen that the performance loss is negligible.    
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Figure 4  Performance comparison with calibration errors with 2 layers transmission for 2*2

5. Conclusion
This contribution analyzes transmission schemes of Uplink MIMO. As a basic feature, channel reciprocity of TDD system can improve system design significantly. As shown in section 4, it shows the significant benefits of non-codebook based precoding over codebook based precoding especially in a TDD system. For the PRACH and PUCCH, non-codebook based precoding can improve uplink coverage potentially. Hence, we propose 

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

· Non-codebook based precoding for PRACH and PUCCH shall be a candidate scheme for LTE-A TDD system.
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