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1. Introduction
Among real-life issues for DL MIMO deployment, the following issues were selected as high priority areas.

High priority areas for study in RAN1:

· Time misalignment / antenna calibration

· Downlink control signalling enhancement (including UE-specific RS-based)

· Further discussion required on prioritization

· Feedback and related enhancements, including: 

· Interference measurement enhancement

· Rank reporting

· Further discussion required on prioritization

· CSI accuracy (especially for MU-MIMO) for the high-priority scenarios and antenna configurations. 

Scenarios and antenna configurations (to be discussed more later with corresponding tdocs):

· Geographically separated antennas

· Power-imbalanced antenna ports

· X-pol antenna deployments 

Among them, time misalignment and antenna calibration issues will be further analyzed in this meeting. In this contribution, we focused on the impact of time misalignment error.

2. Time misalignment Modelling

Since different transmit antennas have typically different RF chains, signals may be transmitted with different timing. In [1], there is a requirement for time misalignment as follows:

6.5.3.1
Minimum Requirement

For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
In this contribution, we used proposed assumption in [2], that is:
For time misalignment, we assume there are time differences between transmit antennas as 
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3. Performance Evaluation and Discussion

In this section, we compare performance of SU/MU-MIMO in the presence of time misalignment error. In order to overcome the effect of time misalignment, some companies proposed to consider subband PMI along with subband CQI (i.e. mode 3-2) [4], [5]. So, we compare performances with mode 3-2 as well. We followed simulation assumption defined in [6], and further detail assumption is described in appendix section. Note that for scenario C, we collected all UEs performance within a small cell only.

Table 1 Performance Loss [%] in the presence of misalignments (SU-MIMO)
	
	SU-MIMO mode 3-1
	SU-MIMO mode 3-2

	
	Average Spectral Efficiency
	Cell Edge Throughput
	Average Spectral Efficiency
	Cell Edge Throughput

	Scenario A (0.5 λ)
	0.0%
	0.28%
	0.16%
	-0.16%

	Scenario A (4 λ)
	0.0%
	0.54%
	-0.16%
	2.66%


Table 2 Performance Loss [%] in the presence of misalignments (MU-MIMO) 

	
	MU-MIMO mode 3-1
	MU-MIMO mode 3-2

	
	Average Spectral Efficiency
	Cell Edge Throughput
	Average Spectral Efficiency
	Cell Edge Throughput

	Scenario A (0.5 λ)
	0.0%
	0.82%
	0.0%
	-0.56%

	Scenario A (4 λ)
	0.0%
	-0.45%
	0.0%
	0.24%

	Scenario C1
	0.44%
	-1.74%
	0.15%
	1.02%

	Scenario C2
	0.26%
	2.69%
	0.26%
	-1.49%


As shown in the tables, there are almost no losses in average spectral efficiency and cell edge throughput.
Observation: Time misalignment itself may not give big performance degradation.
Table 3 Performance Gain [%] of Mode 3-2 over Mode 3-1
	
	SU-MIMO
	MU-MIMO

	
	Without misalignment
	Time misalignment error
	Without misalignment
	Time misalignment error

	Scenario A (0.5 λ)
	2.65%
	2.48%
	2.99%
	2.99%

	Scenario A (4 λ)
	3.89%
	4.06%
	3.75%
	3.75%

	Scenario C1
	-
	-
	-0.18%
	0.11%

	Scenario C2
	-
	-
	-0.26%
	-0.26%


As shown in the above table, mode 3-2 provides 0-4% gain in scenario A and scenario C. Note that the SU-MIMO ratio in scenario C is quite high (over 90%), so SU-MIMO performance tendency will be almost same as MU-MIMO in scenario C.
Observation: Subband PMI together with subband CQI may not give big gain in scenario A and C.
Even though some companies proposed to introduce subband PMI along with subband CQI (i.e. mode 3-2) to mitigate the time misalignment error, we observed that the time misalignment error provides similar performance impact on both mode 3-1 and mode 3-2. Note that when UE determine PMI in mode 3-1, we use channel matrix directly with throughput maximization criteria not wideband covariance matrix, so the reported PMI reflects best band’s beam in some sense. If UE employs wideband covariance matrix based PMI selection mechanism, performance gain of mode 3-2 or performance loss due to time misalignment error may be larger than observed results in the above tables. Anyway, mode 3-2 can be studied as a part of feedback enhancement while we need to keep overhead increase in mind. 
4. Conclusions

In this contribution, we investigate impact of time misalignment errors. 

Here is the observation based on our evaluation.

Observation: Time misalignment may not give big performance degradation.
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Appendix

Table 4 4x2 antenna configuration (MU-MIMO, Scenario A/0.5 or 4 lambda) 
	
	
	Scenario A 0.5 λ
	Scenario A 4 λ

	
	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Mode 3-1
	Without time misalignment
	2.12
	0.162
	0.0569
	2.05
	0.151
	0.0521

	
	With timemisalignment
	2.12
	0.162
	0.0564
	2.05
	0.151
	0.0523

	Mode 3-2
	Without time misalignment
	2.18
	0.164
	0.0594
	2.12
	0.158
	0.0545

	
	With timemisalignment
	2.18
	0.165
	0.0597
	2.12
	0.158
	0.0543


Table 5 4x2 antenna configuration (SU-MIMO, Scenario A/0.5 or 4 lambda) 
	
	
	Scenario A 0.5 λ
	Scenario A 4 λ

	
	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Mode 3-1
	Without time misalignment
	2.01
	0.151
	0.0604
	1.97
	0.145
	0.0559

	
	With timemisalignment
	2.01
	0.150
	0.0603
	1.97
	0.146
	0.0556

	Mode 3-2
	Without time misalignment
	2.07
	0.153
	0.0616
	2.05
	0.149
	0.0582

	
	With timemisalignment
	2.06
	0.153
	0.0617
	2.05
	0.149
	0.0567


Table 6 4x2 antenna configuration (MU-MIMO, Scenario C1 or C2) 
	
	
	Scenario C1
	Scenario C2

	
	
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	50%-tile UE SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Mode 3-1
	Without time misalignment
	2.26
	0.346
	0.0768
	3.26
	0.569
	0.1117

	
	With timemisalignment
	2.25
	0.344
	0.0786
	3.25
	0.568
	0.1087

	Mode 3-2
	Without time misalignment
	2.25
	0.348
	0.0784
	3.25
	0.569
	0.1120

	
	With timemisalignment
	2.25
	0.349
	0.0776
	3.24
	0.564
	0.1137


The following table shows simulation assumptions.
Table 8 Simulation Assumptions

	Parameters
	Assumption

	Channel model
	ITU UMa/UMi

	System BW 
	10MHz (FDD)

	Number of UEs per sector 
	Scenario A: 10 UEs per sector

Scenario C1/C2: Configuration #4b
30 UEs per sector (effectively 5 UEs per small cell)

	Number of points per sector
	Scenario A: 1 high power Macro
Scenario C1/C2: 1 high power Macro, 4 low power small cells

	Number of tx antennas at point 
	4

	Number of tx antennas at UE
	2

	Antenna configuration 
	Cross-polarized for eNB, small cell, and UE
For eNB

· 0.5 lambda or 4 lambda

For small cell

· 0.5 lambda

	Transmission scheme
	SU-MIMO /MU-MIMO

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	Chase combining

	Feedback and control channel errors 
	No error 

	UE speed
	3Km/h 

	Traffic load 
	Full buffer

	Maximum rank per UE 
	2

	PMI feedback 
	Rel-10 LTE codebook 

	Feedback delay
	5ms

	Feedback reporting period
	5ms 

	Feedback granularity
	Mode 3-1

Wideband PMI, Subband CQI per 6 RBs

Mode 3-2

Subband PMI/CQI per 6 RBs
Wideband RI,

	DL overhead assumption 
	3 OFDM symbols for PDCCH + UE-specific RS (same as Rel-10 PDSCH transmission in normal subframes)
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