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1 Introduction
UL-MIMO up to 4 layers is introduced in LTE REL-10 to achieve the ITU-R requirements on peak data rate and peak spectrum efficiency [1].This paper discusses the time alignment requirements for UL-MIMO. 
2 Discussion
Time alignment requirement specify the delay between the signals from two antennas. Two factors should be considered when specify the time alignment requirement [3]:

· Performance requirements: Time alignment error between different transmit branches would compromise the demodulation performance. 
· Implementation consideration: Un-necessary requirements on the time alignment error would impose additional cost to control the time differences introduced by different components. 

The time alignment error for eNB was analysed in [3]. TAE at eNB is specified as 65ns for MIMO which is actually inherited from UMTS [5]

 REF _Ref280631506 \r \h 
[6] . 
In RAN4 meeting #57, [9] gives the text proposal for UL-MIMO UE timing accuracy requirements:

 “The UE shall adjust the timing of its transmissions on each antenna ports with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.” 
It is proposed in [9] that the UL timing accuracy per antenna port is 130ns. But this doesn’t mean the time alignment error between different transmit branch is 130ns.
The following figures give some simulations to show the performance degradation for different time misalignment. The simulation parameters are given in the Appendix.
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Fig. 1  Simulation results for different time misalignment
Table 1 summarizes the different SNR requirements at 70% Fraction of maximum throughput
Table 1 the ΔSNR requirements for different cases
	
	Fraction of  maximum throughput CDF
	without delay
	with one ant delay 65ns
	with one ant delay 130ns

	c)16QAM 3/4
	70%
	0
	0.50
	1.03

	d)QPSK 1/3
	70%
	0
	0.27
	0.75


It is proposed to add the corresponding sub-clause to 36.101 to specify the requirements for Time Alignment Error. The following wording is proposed:
<Proposed text to specify the TAE requirements in 36.101>

6.5.4
Time alignment between transmitter branches

This requirement applies to frame timing in UL-MIMO transmission, intra-band carrier aggregation, and inter-band aggregation. Requirements for combinations of UL-MIMO and carrier aggregations are for further study. 

Frames of the LTE signals present at the UE transmitter antenna connector(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the UE transmitter antenna connect(s) experience certain timing differences.
For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals. 

6.5.4.1
Minimum Requirement

For any UL-MIMO transmission mode, at each carrier frequency, TAE shall not exceed [130] ns.

For intra-band carrier aggregation, without UL-MIMO, TAE shall not exceed [TBD] ns.

For inter-band carrier aggregation, without UL-MIMO, TAE shall not exceed [TBD] ns.
3 Conclusion
This paper discusses the time alignment requirements for UL-MIMO. The proposed text proposal for 36.807 is attached for approval.
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<Text proposal for TAE requirements in 36.807>

6.5.3
Time alignment between transmitter branches

This requirement applies to frame timing in UL-MIMO transmission, intra-band carrier aggregation, and inter-band aggregation. Requirements for combinations of UL-MIMO and carrier aggregations are for further study. 

Frames of the LTE signals present at the UE transmitter antenna connector(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the UE transmitter antenna connect(s) experience certain timing differences.
For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals. 

6.5.4.1
Minimum Requirement

For any UL-MIMO transmission mode, at each carrier frequency, TAE shall not exceed [130] ns.

For intra-band carrier aggregation, without UL-MIMO, TAE shall not exceed [TBD] ns.

For inter-band carrier aggregation, without UL-MIMO, TAE shall not exceed [TBD] ns.
<End of Text Proposal>

Appendix: 
Table 2  Link-level simulation parameters

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	Channel model
	EPA

	UE Speed
	2.7km/h

	Antenna configuration
	2T2R，1T2R

	Antenna correlation
	low

	System bandwidth
	10MHz


	Precoding Matrix
	Adaptation

	Channel estimation
	Realistic

	Noise estimation
	Realistic

	Receiver
	MMSE

	Max number of retransmissions
	3

	HARQ operation
	IR

	Antenna delay for 2T2R
	[0 0]; [0 65e-9]; [0 130e-9]

	a)
	Rank
	2

	
	RB allocation
	50

	
	Modulation
	16QAM

	
	Payloads
	21384 for each codeword

	b)
	Rank
	1

	
	RB allocation
	1

	
	Modulation
	16QAM

	
	Payloads
	408

	c)
	Rank
	1

	
	RB allocation
	50

	
	Modulation
	16QAM

	
	Payloads
	21384

	d)
	Rank
	1

	
	RB allocation
	50

	
	Modulation
	QPSK

	
	Payloads
	5160
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