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1 Introduction
The experience from real-life deployments in the field has increased significantly since Rel-8. It would be beneficial to discuss the experience from commercial MIMO deployments, and identify if there are any potential short-comings and possible ways to address those [1]. In this contribution, we will discuss the issues of time alignment and rank adaptation.
2 Time alignment error in real-life transmission
In real-life transmission, it is a difficult task for a multi-antenna transmitter to keep an adequate time alignment between antennas, while the time alignment error is due to transmit filters, feeder cables and tower mounted amplifiers, etc. 
In LTE, time alignment error is specified as: 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. And from base station (BS) side, for MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns [2]. 
This is already a rather tough requirement. Assuming TAE is equal to 65ns, the maximum phase difference between two antennas is:
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where K is the number of effective subcarriers. For 20MHz bandwidth, K = 100RB ·12 subcarrier = 1200, N is the FFT size that is equal to 2048, and
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. Based on this, we can obtain the maximum phase difference for different system bandwidths, which is present in Table1.
Table1: Maximum phase difference between two antennas for different system bandwidth
	System bandwidth
	K
	Φ

	5M
	300
	0.6π

	10M
	600
	1.2π

	20M
	1200
	2.3π


Such time misalignment will result in frequency selectivity increase, especially for larger system bandwidth. The increased frequency selectivity has serious impact on the performance of precoding transmission. If wideband PMI is used in the channel with more frequency selectivity, it cannot match the channel variations in the frequency domain. From the link level simulation result in Fig. 1, it can be observed the performance loss of wideband PMI based precoding when the TAE increases. The simulation assumptions can be found in Appendix. At target BLER 10%, there is 3.5dB loss of TAE = 65ns compared to TAE = 0, and there is still about 1.2dB loss when TAE=32.5ns. 
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Fig.1 performance comparison with various value of TAE
Hence, wideband PMI is not robust for downlink transmission with time misalignment. To enhance the performance in case of time misalignment, introduction of subband PMI or revisiting the TAE requirement in RAN4 can be considered. 
3 Rank adaptation in real-life deployment
In LTE, rank adaptation is afforded for DL MIMO transmission, and the rank is reported from UE to eNB. The performance of this channel-dependent transmission scheme relies on the feedback from UE side. Thus robust rank is important in real-life transmission. 
For UE testing, there is the minimum performance requirement definition for rank adaptation as:
a)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;

where the values of and depend on the scenario and the UE category [2]. 
Rank selection at UE side mostly depends on the algorithms. Currently, no issue is observed. However, if during future IOT testing there is an issue with real-life transmission, additional testing or stricter requirement should be considered.
4 Conclusion
In this contribution, the real-life transmission issues are discussed, and some simulation results are presented.
· For time misalignment, we have:
Observation

· Wideband PMI is not robust for downlink transmission with time misalignment.
Proposal
· Introduction of subband PMI or revisiting the TAE requirement in RAN4 can be considered.
· For rank adaption, we propose to:
· Restrict the rank related requirement at UE side if necessary.
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Appendix Simulation parameters
Table A-1 Link level simulation parameters

	Parameter
	Assumption

	Band width
	20M

	Channel model
	ETU, medium correlation

	MCS
	16QAM, Code Rate 0.63, rank = 1

	Receiver
	MRC

	Precoding
	Wideband PMI

	UE speeds
	3km/h

	Antenna configuration
	ULA

BS:0.5 Lambda  MS:0.5 Lambda

	Channel estimation
	Real estimation
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