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1. Introduction
In RAN#51, the DL MIMO enhancement study item [1] was approved.  One of the objectives stated in the SID is to study some potential enhancements in new scenarios:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs)
In RAN#65, some contributions focused on the discussion of DL MIMO enhancements in the scenario with geographically separated TX antennas [2][3][5].  In [2], it is proposed that studies on enhanced MIMO schemes for geographically separated Tx point scenario should be given higher priority.  This contribution presents views on reusing Rel-10 CSI feedback in the scenario with geographically-separated antennas i.e. macro-node with low-power RRHs and suggests some possible enhancements.
2. Feedback Enhancements for geographically-separated antennas 

When UE is configured with single global CSI-RS configuration for geographically-separated antennas, global CSI feedback for MIMO operation is reported as shown in Fig.1.  In this example, two transmission points (TPs) each with 4 antennas are geographically separated.  In this case, there is weak correlation between the antennas of different TPs 

In TS36.104, it is required that time misalignment error between two transmit antennas shall not exceed 65ns. On top of this, the arrival time difference between received signals from different TPs due to different propagation delays can add up the total time misalignment to a non-negligible value.  Here we assume two maximum time misalignment values 1000ns and 200ns which represent different levels of calibration to compensate the synchronization error and difference in propagation delays.  To achieve less than 200ns, UE specific calibration in frequency domain is probably needed.  These two maximum time misalignment values are applied to the antennas in different TPs.  For the antennas within the same TP, 65ns is used in the model proposed in [4].  Details of modeling of this time misalignment are in appendix A.
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                  Figure 1 Scenario with geographically-separated antennas
In Rel-10, two precoding matrix indicators i1 and i2 for 8Tx are fed back.  Double PMI structure of wideband i1 and subband i2 is to reduce feedback overhead which is efficient method for correlated channel.  In the scenario with geographically-separated antennas, two groups of antennas are located far away.   With time misalignment, the channel becomes more frequency selective and the double PMI scheme no longer matches well with the channel.  Wideband i1 puts restriction on the selection of the final precoder which can’t match with the frequency selective channel in the scheduled resources.  Performance study is done to evaluate different feedback structures and the necessity of increasing the feedback granularity of PMI in the scenario with geographically-separated antennas.  
3. Simulation Results 
Figure 2 and figure 3 give the link level simulation result in 8×2 scenario with geographically-separated antennas.  Three feedback schemes are used in this evaluation:
1 “double PMI” represents the case with feedback based on the current double PMI structure using Rel-10 8Tx codebook 
2 “single PMI” represents the case with feedback based on single PMI which allows all the 256 codewords of Rel-10 8Tx codebook in subband level. 
3 “Ideal feedback” represents the case with feedback based on channel covariance matrix.
Figure 2 compares these three feedback schemes with two different time misalignment values.  Feedback mode PUSCH 1-2 is used.  It can be observed that single PMI feedback outperforms Rel-10 double PMI by more than 1dB. With larger misalignment (i.e. 1000ns), the performance gap between single PMI and double PMI is larger.  It can reach more than 2dB in high SNR.  It should be noted that the performance difference (around 5dB) of ideal feedback and the current Rel-10 double PMI feedback is significant with time misalignment which means there is a large room for improvement on the feedback in this scenario. 
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Figure 3 shows the performance results based on various feedback granularities. Enhanced feedback mode 3-2 (i.e. subband PMI and subband CQI) is used and time misalignment value=1000ns is used.   It can be observed that gain can be obtained with finer subband granularity (3RB vs 6dB/subband).  With single PMI together with finer subband granularity (i.e. 3RB/subband), 3dB gain can be achieved comparing with the current subband size and Rel-10 double PMI.  If we compare it with the baseline feedback mode 3-1, single PMI in 3RB granularity can achieve around 4dB gain most of the time.
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4. Conclusion
This contribution discusses potential feedback enhancements for geographically-separated antennas. Performance with time alignment error between the antenna groups which are geographically-separated is investigated.  The results show that there is a large room of improvement from the current Rel-10 double PMI feedback for 8Tx in this scenario. The double PMI feedback structure doesn’t not match frequency selective channel.  Possible directions of enhancement are to:

1. improve the current feedback structure (e.g. use single PMI feedback instead) ;
2. increase the frequency-domain granularity of PMI (e.g. introduce mode 3-2, support finer subband).
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Appendix A: Simulation assumptions and parameters

A kind of time alignment error model is proposed in [4]. In our simulation, the time alignment error model is considered between antennas in the same groups：
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i :  antenna index;  
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;  All calibration errors are relative to perfect time reference

N:  Normal distribution, independent across antenna ports and simulation drops

q:  Channel BW scale factor, q = 20MHz/BW, e.g. q = 2 for 10MHz LTE simulations
Two time alignment error model as following is considered between the two groups.   
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j: group index; 1≤j≤2.
Table A1: link level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	Operating bandwidth (BW)
	10 MHz 

	UE Speed
	3km/h

	Channel model
	ITU-UMi

	Antenna configuration
	eNB: 8Tx cross-polarized antenna at eNB, 0.5(.
UE: 2Rx cross-polarized antenna at UE, 0.5(.
Antenna tilt  etilt  15 degree, 3D antenna pattern

	Antenna polarization for DP configurations
	+/-45(at eNB,  90/0(at UE

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI
Subband CQI/PMI with 6RB or 3RB per subband

	Feedback scheme
	 SU-MIMO 
Ideal PMI (R feedback) and CQI or
Rel-8 CQI/RI/single PMI or Rel-10 double PMI 

	Link adaptation
	With rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	Chase Combining
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Figure 2 Link level performance in 8x2 XPOL scenario 
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Figure 3 Link level performance in 8x2 XPOL scenario with total time error=1000ns between TPs
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