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1. Introduction
In RAN#51, a DL MIMO enhancement study item [1] was approved. An objective mentioned in the SID is to study the topic listed as follows:

· Evaluate issues from real-life network deployments of MIMO.
In RAN1#65, real-life issues are identified as follows: 

· Rank adaptation

· Time alignment errors

· Antenna calibration and partial reciprocity

· Vertical beamforming for dense urban deployments

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array; 

· Antenna tilting

· UE interference measurements and feedback processing time

· Feedback granularity

· DL control channel limitations for high numbers of tx antennas
In this contribution we discuss PMI/CQI feedback granularity with timing alignment errors in real-life DL MIMO deployments.  Firstly, simulation with different PMI feedback granularities is performed to discover performance influence and the feedback with configurable granularity is suggested.  Secondly, simulation with different CQI feedback granularities is done to demonstrate potential benefits of using finer granularity of CQI feedback. 
2. Feedback granularity 

In this section, feedback granularity issue is discussed with timing misalignment.  We mainly focus on enhancing granularity in frequency domain as timing misalignment translates to phase rotation in frequency domain.  In sub-sections 3.1 and 3.2, PMI and CQI feedback granularity enhancements are considered respectively.  In the detail, in the sub-sections 2.1, PMI feedback granularity enhancements are discussed.  In sub-sections 2.2, CQI feedback granularity enhancements are studied.
2.1. PMI Feedback granularity enhancement with timing misalignment
Timing misalignment and feedback granularity are identified real-life issues. In Rel-10 feedback design, evaluation was done without considering some of impairments and it focused on traditional uniform deployment scenarios.  In real-life scenarios, it can be non-uniform and impairments such as time alignment errors and different propagation delays from different paths can happen. In [2], we evaluated the performance of the case without calibration.  5% performance loss is seen comparing with perfect calibration. The time alignment error increases frequency selectivity and hence reduces the performance if the feedback is not frequency selective enough.  In addition, non-negligible time difference between different paths exists if the transmission points are geographically-separated antenna deployments. In order to avoid loss due to higher frequency selectivity caused by time misalignment, finer PMI feedback granularity should be considered.
In this section, we compare three feedback schemes in 4x2 MIMO:
· Wideband PMI (PUSCH 3-1)

· Subband PMI (enhanced mode - PUCCH 3-2)

· N-PMI – N PMIs are fed back
For N-PMI feedback, N can be a fixed integer or a configurable value.  Here we set N to 2.  One PMI is fed back for the first half of the bandwidth and another PMI is feedback for the second half of the bandwidth.  The simulation is done such that time alignment error model in [4] is used.
Table 1 Results with different PMI feedback granularities
	Antenna Configuration
	Feedback mode
	Average spectral efficiency (bps/Hz)
	Gain
	5% Cell edge spectral efficiency
	 Gain

	4x2 XPOL
3GPP Case1

0.5λ
	WB-PMI(3-1)
	2.9431
	0%
	0.0815
	0%

	
	2-PMI
	2.9703
	+0.92%
	0.0865
	+6.13%

	
	SB-PMI(3-2)
	3.0185
	+2.56%
	0.0913
	+12.02％

	4x2 ULA
3GPP Case1

0.5λ
	WB-PMI(3-1)
	3.0905
	0%
	0.1176
	0%

	
	2-PMI
	3.1468
	+1.82%
	0.1198
	+1.87%

	
	SB-PMI(3-2)
	3.2049
	+3.70%
	0.1311
	+11.48%


From the results shown in table 1, subband PMI feedback performs the best.  Comparing with wideband PMI feedback method, it has about 3% gain in average spectral efficiency and over 10% gain in edge UE efficiency.  The 2-PMI feedback scheme performs better than wideband PMI on cell edge in XPOL case while in ULA case the gain is less.  
It is possible that different scenarios require different feedback granularities.  Feedback overhead can be wasted if the granularity is too much.  In order to flexibly support different scenarios, it is beneficial to use feedback with configurable granularity.  

2.2. CQI Feedback granularity enhancement 
CQI feedback granularity is also an important factor affecting performance. Simulation is done to evaluate the impact of CQI feedback granularity on performance.  The results in table 2 are given for SU-MIMO and MU-MIMO scenarios.  We compare two granularities, 3RB and 6RB.  The results demonstrate clear benefits of using finer granularity of CQI feedback.  In most of the cases 6% gain can be achieved on both average and cell edge spectral efficiency.
Table 2 4Tx SU/MU-MIMO results with subband sizes of 3RB and 6RB
	Antenna Configuration
	Subband size
	Average spectral efficiency (bps/Hz)
	Gain
	5% Cell edge spectral efficiency
	 Gain

	4x2 XPOL 4λ SU-MIMO, UMi
	6RB
	2.2143
	0%
	0.0444
	0%

	
	3RB
	2.3443
	+5.87%
	0.0474
	+6.76%

	4x4 XPOL, 4λ SU-MIMO, UMi
	6RB
	3.3783
	0%
	0.088
	0%

	
	3RB
	3.5064
	+3.79%
	0.0901
	+2.39%

	4x2 XPOL, 0.5λ 

MU-MIMO,3GPPCase1
	6RB
	3.0185
	0%
	0.0913
	0%

	
	3RB
	3.2014
	+6.06% 
(+8.8% over 3-1)
	0.0966 
	+5.85%
(+18.5% over 3-1)


Combining the enhancements on having smaller subband size and using PUSCH 3-2 together, significant gain can be obtained over PUSCH 3-1.  e.g. In 3GPP Case1 XPOL channel, 8.8% and 18.5% of performance gains are seen on cell average and cell edge respectively.  In our companion contribution [3], benefits of having finer feedback granularity are also shown in the performance study under the scenario of geographically separated antennas in 8Tx case.  
3. Conclusion
This contribution discusses feedback granularity in real-life MIMO deployments. Clear benefits of enhancing the frequency-domain granularity can be seen especially when there is time misalignment.  Potential directions of enhancement are introducing PUSCH mode 3-2 and having configurable subband size.
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5. Appendix A
Table A1 System level simulation assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site.  

	Number of users per cell
	10

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

	Inter-site distance
	500m(3GPP Case1) or 200m(UMi)

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

ITU-UMi  

	Antenna configuration
	4x2 or 4x4

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 3RB or 6RB 

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver 

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation























