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1. Introduction

In RAN1#66 meeting, it was agreed that 

High priority areas for study in RAN1:

· Time misalignment / antenna calibration
· Downlink control signalling enhancement (including UE-specific RS-based)

· Feedback and related enhancements

In this contribution, we analyze the impact of time misalignment in real-life transmission, and provide the simulation results of SU-MIMO and MU-MIMO for DL transmission through link level and system level simulations. The results show that the time alignment errors can result in significant performance degradation, and with antenna calibration, the performance degradation is negligible. Therefore, it is necessary to calibrate antenna array in order to ensure efficient gain from codebook based operation for both TDD and FDD. 
2. Time alignment error 
In real-life transmission, signals will pass through an RF chain including transmit filters, feeder cables and tower mounted amplifiers, etc, before transmitting from a physical antenna. For different transmit antennas, the RF chain is typically different. In practical scenario, transmission delays of different RF chains are different, and signals are sent out with slightly different timing. 
In LTE, the time alignment error is specified as the delay between the signals from two antennas at the antenna ports and the minimum requirement is that the time alignment error for any possible configuration of two transmitting antennas shall not exceed 65 ns [1]. Even a small time alignment error can have a large impact on the characteristic of channel since time alignment error will induce a substantial phase difference, linear in frequency. Take 65ns as the example timing difference, for a 20MHz system bandwidth in LTE Rel-10 system, the relative phase difference between two antennas can be
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The impacts of time alignment error have been investigated in [2]-[6]. Despite no agreements were reached, many companies observed that with timing misalignment, the codebooks and the feedback design do not match with the assumptions anymore, and results in performance loss to some extent.
3. Impact of time alignment error
Current codebooks and corresponding PMI feedback in Rel-8 and Rel-10 are designed assuming ideal time alignment. In this section, we provide the performance evaluation for codebook-based transmission by link level simulation for SU transmission and by system level simulation for MU-MIMO. The following simulation assumptions are evaluated:

· Case 1 -- subband PMI feedback without time alignment error 
· Case 2 -- wideband PMI feedback without time alignment error 
· Case 3 -- subband PMI feedback with time alignment error
· Case 4 -- wideband PMI feedback with time alignment error
3.1. Link level simulation
Link level simulation is performed to evaluate SU-MIMO performance with and without timing misalignment. The prevalent closely spaced cross-pole antenna configuration with Rank-1 transmission is considered. More simulation assumptions can be found in the appendix, Table A1.
Figure 1 and Figure 2 show the performance of SU-MIMO transmission with 4tx and 8Tx, respectively.

From Figure 1, we can see that Case 1-3 have similar performance for 4Tx transmission. However, the Case 4 has about 4dB performance loss comparing with other three Cases, i.e. with time misalignment, wideband PMI feedback which cannot match the channel variations in the frequency domain, results in serious impact on the performance of codebook based transmission. In other words, only subband PMI feedback mode, e.g. PUSCH mode1-2 or mode2-2 can be used in order to minimize the impact of timing misalignment, which means all PUCCH feedback modes cannot be adopted. In this way, uplink overhead and UE computational complexity will be increased, at the same time, the scheduling will be restricted at eNB.
In Figure 2, it can be observed that the performance loss is serious with time alignment error even if using subband PMI feedback. The main reason is that current 8Tx codebook is designed mainly aiming at highly correlated channel correlation and assuming ideal time alignment, the precoding matrices are the DFT vectors. With the time alignment error, the characteristics of channel will change not only increasing frequency selectivity, but also altering the correlation of channel. Then, the codebooks do not match the channel and results in serious performance loss, as shown in Figure 3.
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Figure 1: Performance of 4Tx (Rel-8 codebook) (rank 1)
         Figure 2: Performance of 8Tx (rank 1)
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Figure 3: Performance of 8Tx in different channel correlation (rank 1)
3.2. System level simulation
System level performance of MU-MIMO transmission using different assumptions is provided with 4 transmitting and 2 receiving antennae setup. Single layer transmission is assumed and maximum 2 UEs are co-scheduled on the same time/frequency resource. CQI used in UE pairing and MCS selection is calculated according to the algorithm presented in [7]. Zero-forcing based MU-MIMO at the eNB side and MMSE receiver at UE sides are adopted. Other simulation parameters and assumptions are listed in the appendix, Table A2. 
Table 1 and Table 2 give the performance of MU-MIMO for wideband PMI and subband PMI feedback under cross-polarized antenna configurations for 4Tx (Rel-8 codebook). From the simulation results, we can find that with the time alignment error, the performance loss is significant for MU-MIMO transmission, whether with subband PMI feedback or wideband PMI feedback.
For 8Tx transmission, due to high sensitivity to feedback accuracy for MU-MIMO, with time misalignment, the performance loss will be more obvious comparing with SU-MIMO transmission.
Table 1: Performance of MU-MIMO under subband PMI feedback
	Assumption
	Cell average SE (bps/Hz)
	Loss
	5% Cell edge SE (bps/Hz)
	Loss

	Case 1
	2.6846
	0%
	0.1092
	0%

	Case 3
	2.0190
	24.8%
	0.0810
	20.6%


Table 2: Performance of MU-MIMO under wideband PMI feedback

	Assumption
	Cell average SE (bps/Hz)
	Loss
	5% Cell edge SE (bps/Hz)
	Loss

	Case 2
	2.6760
	0%
	0.1014
	0%

	Case 4
	1.9324
	27.8%
	0.0742
	26.9%


4. Calibration error model
Based on above discussion and simulation results, we can find that with time alignment error, the performance will be degraded seriously in SU- and MU-MIMO transmission. Therefore, our opinion is that calibration of antenna array is necessary. In this section, we propose an example of a calibration error model which is a part of reciprocity error model that is suitable for the evaluation of TDD CoMP, and verify the performance with system level simulations.
With that model, the calibrated channel can be modeled related to the ideal channel with the following equation,
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The amplitude error A is Gaussian distributed with mean zero and standard deviation
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, and the phase error 
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is uniformly distributed in
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. Refer to [8] [9] for more details about this error model. In our view, phase error is a more serious issue than amplitude error.  The impact of amplitude error on performance can be further studied.
We provide the performance evaluation for codebook-based transmission by system level simulation. The following simulation assumptions are evaluated:
· Case 5 -- subband PMI feedback with calibrated model
· Case 6 -- wideband PMI feedback with calibrated model

Uniformly distributed in [-5, 5] of phase error
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is assumed which is suggested to choose in the evaluation of TDD CoMP, and other simulation parameters and assumptions are listed in the appendix, Table A2.

Table 3 and 4 give the results of MU-MIMO transmission with antenna calibration and without time alignment error. From the simulation results, it can be seen that with antenna calibration, the performance loss is negligible for both subband PMI feedback and wideband PMI feedback relative to the case of without time alignment error, and the performance gains is significant comparing with un-calibrated antennas.
Table 3: Performance evaluation under subband PMI feedback

	Assumption
	Cell average SE (bps/Hz)
	Loss
	5% Cell edge SE (bps/Hz)
	Loss

	Case 1
	2.6846
	0%
	0.1092
	0%

	Case 5
	2.6421
	1.5%
	0.1065
	2.4%


Table 4: Performance evaluation under wideband PMI feedback

	Assumption
	Cell average SE (bps/Hz)
	Loss
	5% Cell edge SE (bps/Hz)
	Loss

	Case 2
	2.6760
	0%
	0.1014
	0%

	Case 6
	2.5986
	2.8%
	0.0984
	3.0%


5. Conclusions
In this contribution, we discuss the problem of time misalignment and antenna calibration. Based on above discussion and simulation results, we can find that with time misalignment, the performance of codebook based transmission will be degraded seriously in both SU-MIMO and MU-MIMO transmission, and through antenna calibration, the performance loss is negligible comparing with the case of without time alignment error. Therefore, calibration of antenna array for both TDD and FDD is one of the solutions to ensure efficient gain from codebook.
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Appendix 
Table A1: Link level simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	20MHz

	Data transmission BW
	8RBs

	Channel model
	4Tx: SCM case1

8Tx: EPA, high and low correlation

	UE speed
	3km/h

	Antenna configuration
	8Tx with 0.5 lambda spacing, Cross-polarized: +/- 45 degrees
2Rx, Cross-polarized: +90/0 degrees

	
	4Tx with 0.5 lambda spacing, Cross-polarized: +/- 45 degrees
2Rx, Cross-polarized: +90/0 degrees

	
	With and without timing misalignment,

Time alignment error not exceed 65 ns, uniform distribution

	Link adaptation
	Rank-1 transmission, AMC, 
HARQ with maximum 3 re-transmissions

	Receiver
	MMSE

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms

	Feedback granularity
	100RBs for wideband PMI feedback, 8RBs for subband PMI feedback; 8RBs for CQI feedback


Table A2: System level simulation assumptions

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Channel model
	SCM urban macro, low spread

	UE speed 
	3km/h

	Antenna configuration
	4Tx with 0.5 lambda spacing, Cross-polarized: +/- 45 degrees
2Rx, Cross-polarized: +90/0 degrees

	
	With and without timing misalignment,

Time alignment error not exceed 65 ns, uniform distribution

	Scheduler
	Proportional Fair,

Exhaustive search is performed with the MU-MIMO PF metric, obtained as the sum of the PF metric of the co-scheduled UEs

	Receiver
	MMSE

	Feedback granularity
	50RBs for wideband PMI feedback, 6RBs for subband PMI feedback; 6RBs for CQI feedback

	Feedback period
	10ms

	Channel estimation
	Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB
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