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1. Introduction
Among real-life issues for DL MIMO deployment, the following issues are 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 

In this contribution, we focused on the impact of time misalignment and phase misalignment.

2. Time misalignment and Phase misalignment Modelling
There are two main misalignments in terms of antenna calibration. Since different transmit antennas have typically different RF chains, signals may be transmitted with different timing and phase.
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.
However, there is no requirement for phase misalignment.

In this contribution, we used proposed assumption in [2], that is:
For time misalignment, we assume there are time differences as 
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For phase misalignment, we assume there are phase differences as  
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3. Performance Evaluation

In this section, we compare performance of SU/MU-MIMO in the presence of time or time and phase 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) [3], [4]. So, we compare performances with mode 3-2 as well. We followed simulation assumption defined in [5], and further detail assumption is described in appendix section. Note that for scenario C1, 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

	
	Time misalignment error
	Time and phase misalignment error
	Time misalignment error
	Time and phase misalignment error

	Scenario A (0.5 λ)
	1.17%
	5.52%
	1.18%
	4.73%

	Scenario A (4 λ)
	0.52%
	5.23%
	0.65%
	4.95%

	Scenario C1
	2.40%
	4.50%
	2.06%
	3.31%


In case of SU-MIMO system as shown in Table 1, about 1-2% and 3-6% losses in average spectral efficiency are observed for time misalignment and for time and phase misalignment, respectively.
Table 2 Performance Loss [%] in the presence of misalignments (MU-MIMO) 

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

	
	Time misalignment error
	Time and phase misalignment error
	Time misalignment error
	Time and phase misalignment error

	Scenario A (0.5 λ)
	-1.45%
	5.86%
	-1.91%
	5.86%

	Scenario A (4 λ)
	-1.17%
	4.90%
	-0.89%
	5.59%

	Scenario C1
	-6.79%
	1.04%
	-6.43%
	0.96%


In case of MU-MIMO system as shown in Table 2, about 1-6% losses in average spectral efficiency are observed for time and phase misalignment while time misalignment only case gives 1-7% gain due to artificial frequency diversity gain. 

Observation: Time misalignment itself may not give big performance degradation while phase misalignment may impact system performance.
Table 3 Performance Gain [%] of Mode 3-2 over Mode 3-1
	
	SU-MIMO
	MU-MIMO

	
	Without misalignment
	Time misalignment error
	Time and phase misalignment error
	Without misalignment
	Time misalignment error
	Time and phase misalignment error

	Scenario A (0.5 λ)
	2.20%
	2.19%
	3.05%
	2.52%
	2.99%
	2.52%

	Scenario A (4 λ)
	3.13%
	2.99%
	3.43%
	3.70%
	3.41%
	2.94%

	Scenario C1
	0.50%
	0.85%
	1.75%
	1.27%
	0.92%
	1.34%


As shown in the above table, mode 3-2 provides 1-4% gain in scenario A and scenario C1. 
Observation: Subband PMI together with subband CQI may not give big gain in scenario A and C1.
4. Conclusions

In this contribution, we investigate impact of time and phase misalignment errors. 
Here is the observation based on our evaluation.

Observation: Time misalignment itself may not give big performance degradation while phase misalignment may impact system performance.
Observation: Subband PMI together with subband CQI may not give big gain in scenario A and C1.
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Appendix
Table 4 Misalignment Error Impact on SU-MIMO

	Scenario/Ant. Config.
	Mode
	Condition
	Ave.
	50%
	5%

	Scenario A/0.5 
	SU, 3-1 
	No impairment 
	2.48 
	0.181 
	0.0676 

	
	
	Timing only 
	2.45 
	0.178 
	0.0677 

	
	
	Timing and phase  
	2.35 
	0.172 
	0.0648 

	
	SU, 3-2 
	No impairment 
	2.54 
	0.183 
	0.0691 

	
	
	Timing only 
	2.51 
	0.182 
	0.0691 

	
	
	Timing and phase 
	2.42 
	0.161 
	0.0581 

	Scenario A/4 
	SU, 3-1 
	No impairment  
	2.48 
	0.178 
	0.0649 

	
	
	Timing only 
	2.47 
	0.180 
	0.0639 

	
	
	Timing and phase  
	2.35 
	0.169 
	0.0638 

	
	SU, 3-2 
	No impairment 
	2.56 
	0.184 
	0.0673 

	
	
	Timing only 
	2.54 
	0.184 
	0.0678 

	
	
	Timing and phase 
	2.43 
	0.176 
	0.0668 

	Scenario C1/0.5 
	SU, 3-1 
	No impairment 
	2.65 
	0.382 
	0.0905 

	
	
	Timing only 
	2.59 
	0.370 
	0.0928 

	
	
	Timing and phase 
	2.53 
	0.365 
	0.0901 

	
	SU, 3-2 
	No impairment 
	2.67 
	0.372 
	0.0857 

	
	
	Timing only 
	2.61 
	0.373 
	0.0883 

	
	
	Timing and phase 
	2.58 
	0.361 
	0.0844 


Table 5 Misalignment Error Impact on MU-MIMO

	Scenario/Ant. Config. 
	Mode 
	Condition 
	Ave. 
	50%
	5%

	Scenario A/0.5 
	MU, 3-1 
	No impairment 
	2.55 
	0.194 
	0.0645 

	
	
	Timing only 
	2.59 
	0.199 
	0.0639 

	
	
	Timing and phase 
	2.40 
	0.184 
	0.0609 

	
	MU, 3-2 
	No impairment 
	2.62 
	0.198 
	0.0670 

	
	
	Timing only 
	2.67 
	0.201 
	0.0659 

	
	
	Timing and phase
	2.46 
	0.189 
	0.0616 

	Scenario A/4 
	MU, 3-1 
	No impairment 
	2.53 
	0.192 
	0.0608 

	
	
	Timing only 
	2.56 
	0.188 
	0.0591 

	
	
	Timing and phase 
	2.41 
	0.185 
	0.0584 

	
	MU, 3-2 
	No impairment  
	2.62 
	0.199 
	0.0647 

	
	
	Timing only 
	2.65 
	0.196 
	0.0638 

	
	
	Timing and phase 
	2.48 
	0.188 
	0.0607 

	Scenario C1/0.5 
	MU, 3-1 
	No impairment 
	2.56 
	0.395 
	0.0969 

	
	
	Timing only 
	2.73 
	0.425 
	0.1019 

	
	
	Timing and phase  
	2.53 
	0.378 
	0.0966 

	
	MU, 3-2 
	No impairment 
	2.59 
	0.390 
	0.0934 

	
	
	Timing only 
	2.76 
	0.422 
	0.1009 

	
	
	Timing and phase
	2.57 
	0.373 
	0.0933 


The following table shows simulation assumptions.
Table 6 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: 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: 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 
	2 OFDM symbols for PDCCH + UE-specific RS (same as Rel-10 PDSCH transmission in MBSFN subframes)


[image: image4.png]





































































































































_1378552646.unknown

_1378552658.unknown

_1378552639.unknown

