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1 Introduction  
In Rel 13, FD MIMO is introduced to increase the capacity and coverage. The scope of CSI feedback enhancement in R13 only consist of codebook enhancement for non precoded CSI-RS with 12 and 16 ports and CRI reporting for beamformed CSI-RS. When the dimension of antenna array scales up, the accuracy of CSI is becoming increasingly important in wireless communication .Therefore, it requires a new feedback methodologies in addition to current CSI feedback mechanism to address the accuracy issue .The WID [1] for eFD-MIMO in R14 identify this issue and encourage to develop the new CSI feedback mechanism as follows. 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)

· Analog feedback is not precluded

In our view, the CSI accuracy enhancement should take the following three techniques into considerations 
· Reduce the CSI quantization loss by using analog CSI feedback 
· Reduce CSI feedback latency by using fast CSI feedback
· Reduce interference measurement error by using NZP CSI-RS
In this contribution, we focus on the discussion on the fast CSI feedback and the interference measurement enhancement. Analog CSI feedback is discussed in our companion contribution [2]. The performance evaluation considering the three techniques is also provided.
2 Discussion on the interference measurement  

As it is known, the fluctuation of interference varies very fast across both frequency domain and time domain especially for burst buffer traffic. In the legacy CSI measurement mechanism, the measured interference at the CSI measurement instance is quite different with that at the scheduling instance. In Figure 1, the measured interference for UE1 comes from UE3 at the measurement instance. However the realistic interfering UE is UE2 at the scheduling instance for UE1. Given that, the reported CSI can not reflect the real channel condition to aid the eNB to perform proper link adaptation. As a consequence, it will lead to the performance degradation. 
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Figure 1.interference misalignment in legacy

Therefore, it drives to develop a more accurate interference measurement mechanism which aims to reflect the real interference that the UE experiences when being scheduled. 
Pre scheduling is the technique that aligns the transmission of all UEs’ signal to imitate the scheduling in the subframe prior to actually being scheduled. It provides the possibility that the UE can obtain the interference in advance that the UE will suffer in the subsequent subframe to be actually scheduled. Therefore, the CSI can reflect the real interference that scheduled PDSCH experiences. To enable pre scheduling, the reference signal design for interference measurement is very important and it must reflect the real instantaneous interfering UE’s interference.
However, as the MU pairing is dynamic and the interfering UE will change dramatically. If IMR is used to measure the interference for dynamic changed interfering UE’s interference, one UE has to be dynamically configured with multiple IMR to capture different paring UE’s channel. As shown in Figure 2, to capture the interference of the interfering UE, the IMR of one UE should be aligned with the NZP CSI-RS for the MU paring UE. Nevertheless, the time and frequency resource of NZP CSI-RS for each UE should be avoided to collide. If further considering in each PRB pair, the MU paring UEs are different. The corresponding IMR of one UE will vary across different PRB pairs. It will increase the UE measurement complexity and additional signalling overhead to inform the IMR resources. Above all, the overhead of IMR will increase significantly as the MU paring UEs increases. Based on this, we propose to use NZP RS for interference measurement. Saving the overhead is one important motivation to introduce the interference measurement based on the NZP CSI-RS.
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Figure 2.IMR for interference measurement in MIMO+
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Figure 3.NZP CSI-RS pattern for interference measurement
As shown in Figure 3, the NZP CSI-RS resource for interference measurement should be aligned among all the cells including the total ports number and the CSI-RS pattern. And the NZP CSI-RS for channel measurement should be a subset of the NZP CSI-IM. It is assumed that four ports NZP CSI-IM is adopted as an exemplary case in Figure 3. In stead of configuring multiple IMRs to obtain different UE’s interference, NZP CSI-RS for interference measurement has a unified configuration which can save the overhead significantly. For cell 1, the NZP CSI-RS for channel measurement has only 2 ports, port 0 and port1, and it suffers the interference of four CSI-RS ports from neighbouring cell 2. The UE will measurement the interference collected from all ports of the configured CSI-RS resources. For the UE in cell1, the interference measured from port 0 and port 1 can be obtained by subtracting the channel signal from the total received signal which can be denote as 
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 is derived from the assumption that the each CSI-RS port always have 3dB power boosting to data . Similarly, the interference measured from port 2 and port 3 is 
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Therefore, we propose that 
Proposal 1: A unified NZP CSI-RS configuration can be configured for all the cells to align the CSI-RS resource for interference measurement and the CSI-RS resource for channel measurement should be a subset of the NZP CSI-RS resource.

And for the CQI definition, we have the following proposal
Proposal 2: For the CQI derivation, it should always assume that the each CSI-RSport have a fixed power boosting comparing with data for both signal and interference measurement.
3 Discussion on fast CSI feedback 
The motivation of fast CSI feedback is to capture the fast variation of channel information to enable eNB get the accurate system information as soon as possible. Figure 4 shows the statistic interference in the simulation changes dramatically in time domain.  When the channel and interference varies in time domain, the PMI and CQI of the channel also change. If UE do not feedback the CQI and PMI timely before being scheduled, the link adaptation parameters decided by eNB will not match the current channel condition.  Thus, to aid the eNB to obtain the channel information timely to perform better link adaptation, fast CSI feedback needs to be supported.
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Figure 4.Interference variation across time domain 
Based on the above discussions, we have the following proposal:
Proposal 3: Fast CSI feedback mechanism should be supported to aid the eNB to obtain the channel information timely. 
4 Evaluation results  
Figure 5 and Figure 6 provide the evaluation results regarding the above discussed two techniques consist of pre scheduling and fast CQI feedback techniques. 
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Figure 5.Average UPT for pre scheduling and fast CQI
 Figure 6. 5% UPT for pre scheduling and fast CQI 

Observation 1: Pre scheduling and fast CQI feedback techniques can provide up to 26.64% gain for average UPT and 43.22% gain for 5% UPT over R12 codebook based feedback. 
If further taking the analog CSI feedback technique [2] into consideration, the performance gain of the three CSI enhancement techniques can be found in Figure 7 and Figure 8. 
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Figure 7.The gain of average UPT of three CSI enhancement techniques            
Figure 8. The gain of 5% UPT of three CSI enhancement techniques           
Observation 2: The overall three CSI enhancement techniques consisting of pre scheduling, fast CQI and analog CSI feedback can bring about 53.73% gain for average UPT and 89.77% gain for 5% UPT over R12 codebook based feedback.  
In the simulation, ideal channel estimation without error modeling is assumed. And the simulation assumption can be found in the appendix. 
5 Conclusions
In this contribution, we focus on the discussion on the interference measurement enhancement based on pre scheduling and the fast CSI feedback. The analog CSI feedback is discussed in our companion contribution. We also provide the individual performance evaluation results of pre scheduling and the fast CSI feedback and the overall performance results of three techniques. We have the following proposals and observations:
Proposal 1: A unified NZP CSI-RS configuration can be configured for all the cells to align the CSI-RS resource for interference measurement and the CSI-RS resource for channel measurement should be a subset of the NZP CSI-RS resource.

Proposal 2: For the CQI derivation, it should always assume that the each CSI-RS port have a fixed power boosting comparing with data for both signal and interference measurement.
Proposal 3: Fast CSI feedback mechanism should be supported to aid the eNB to obtain the channel information timely. 
Observation 1: Pre scheduling and fast CQI feedback techniques can provide up to 26.64% gain for average UPT and 43.22% gain for 5% UPT over R12 codebook based feedback. 
Observation 2: The overall three CSI enhancement techniques consisting of pre scheduling, fast CQI and analog CSI feedback can bring about 53.73% gain for average UPT and 89.77% gain for 5% UPT. 
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Simulation assumption

	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4 antenna, X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
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X-polarized: 0/+90 degrees

	
	2D antenna pattern defined in TR36.814

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank2 adaptation
Max paired UE number: 2

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 1ms 

	
	Feedback delay is 1ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3dB
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