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1. Introduction
Considering MIMO deployment in real-life scenarios, signals from distinct antennas may experience different transmission delay due to RF chain difference. This will induce time difference between signals, known as time alignment error (TAE) [1]. Due to the fact that DL-MIMO codebook and PMI feedback are both optimized for ideally calibrated case without TAE, it is necessary to evaluate DL-MIMO performance while taking TAE into consideration. In this contribution, we analyze possible effects of TAE, and evaluate both close-loop and open-loop DL-MIMO performance under TAE scenario.
2. Effects of time alignment error
Time alignment error due to absence of antenna calibration has been noticed ever since Rel-8 studies [2]. In Rel-10, it came to an agreement that optimization to uncalibrated antenna array is desirable, but not mandatory [3]. While in the new SID on DL-MIMO, issues from real-life MIMO deployments have been put to the first priority [4]. In [5], a time alignment error model has been suggested for evaluation.
According to [1], the time difference between two antennas should not be larger than 65ns. Assuming an antenna time delay relative to the perfectly timed antenna is 
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 phase shift in frequency domain onto that delayed antenna. For a 10MHz bandwidth system with 
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s, when taking the maximum value 
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ns, the phase difference between these two antennas will vary form 
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 corresponding to different subcarriers (where 
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 according to LTE standard [6]). For the delayed antenna, the maximum phase difference across the whole frequency bandwidth is 
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As the phase shift 
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 is related to frequency index 
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, time alignment error will increase channel frequency selectivity. On one hand, frequency selectivity may harvest the gain of frequency diversity, thus improving performance; on the other hand, increased frequency selectivity may cause severe variations across the bandwidth, thus making coarse granularity PMI not well matching with each frequency band. Additionally, even under the assumption that PMI granularity is acceptable, the codebook may also not well cover the channel space after each column of the channel matrix has experienced a rotation with a different phase 
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. Above all, we believe that the major effects of time alignment error can be summarized as the following three points:
· Increased frequency selectivity requiring finer granularity PMI.
· Increased CSI quantization error under current codebook.
· Increased frequency selectivity giving a chance to experience better channel conditions.
Under different circumstances, time alignment error has different effects on performance. 
3. Simulation results
In this section, link level simulations are conducted to compare DL-MIMO performance with and without time alignment error. The maximum time alignment error is assumed, i.e., 0ns, -65ns, 65ns and -65ns are distributed on the four transmit antennas. Fig. 1 and Fig. 2 give the results of closed-loop multiplexing scheme under i.i.d. and correlated channel respectively, where both wideband and subband PMI/CQI are assumed. The simulation parameters are listed in Table 1. It can be seen that the performance with subband PMI/CQI feedback is more robust to time alignment error for both i.i.d. and correlated channels. As for wideband PMI/CQI, there exists a performance gap between TAE and non-TAE for correlated channel, while i.i.d. channel does not. As analyzed in the previous section, the feedback granularity with subband PMI may be acceptable, hence the performance mainly depends on whether the codebook can adapt to the column phase rotation of the channel matrix. As simulation shows, this does not induce too much performance loss. For wideband PMI, we believe frequency selectivity plays a more important role. Due to the fact that phase rotation has no impact on the distribution of i.i.d. channel, there is actually not too much frequency selectivity increase for the i.i.d. channel. However, this is not the case for the correlated channel. The increased frequency selectivity has negative impact on the performance with wideband PMI feedback in the correlated case. 
Considering that real-life MIMO system usually has correlated channel and time alignment error, wide band PMI does not perform well, while subband PMI should be considered as an effective means to combat TAE.

Fig. 3 gives the performance comparison for open-loop multiplexing (CDD) DL-MIMO scheme. The simulation parameters are listed in Table 2. As shown in the simulation result, open-loop MIMO is more robust to the time alignment error effect. 
4. Conclusions
In this contribution, we analyze the possible effects of time alignment error in real-life DL-MIMO. Simulations are conducted to evaluate the performance under TAE effects. According to simulation results, we observe that wideband PMI does not perform well under TAE situations, and subband PMI should be introduced to combat TAE for closed-loop MIMO. We also observe that open-loop MIMO schemes are more robust to time alignment error.
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Fig. 1 Throughput comparison w/ and w/o TAE for closed-loop 
(4Tx, 4Rx, ETU low correlation, UE 3km/h)
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Fig. 2 Throughput comparison w/ and w/o TAE for closed-loop 
(4Tx, 4Rx, ETU high correlation, UE 3km/h)
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Fig. 3 BLER comparison w/ and w/o TAE for open-loop 
(4Tx, 2Rx, ETU medium correlation, UE 30km/h)
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Appendix
Table 1 Closed-loop MIMO Simulation Parameters
	Parameter
	Value

	DL-MIMO scheme
	Closed-loop multiplexing

	System bandwidth
	10MHz

	FFT size
	1024

	Used RB/Total RB
	6/50

	Antenna configuration
	4Tx, 4Rx

	Channel model
	ETU with low correlation – Fig. 1

ETU with high correlation – Fig. 2

	RI, PMI, CQI selection
	adaptive

	UE speed
	3km/h

	Receiver 
	LMMSE


Table 2 Open-loop MIMO Simulation Parameters

	Parameter
	Value

	DL-MIMO scheme
	CDD

	System bandwidth
	10MHz

	FFT size
	1024

	Used RB/Total RB
	6/50

	Antenna configuration
	4Tx, 2Rx

	Channel model
	ETU with medium correlation 

	RI
	2

	MCS level
	11

	UE speed
	30km/h

	Receiver 
	LMMSE
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