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1. Introduction

In this paper, we provide our view on CSI feedback enhancements. The interference measurement and the second best PMI feedback and are discussed, besides, soft HARQ is proposed and the result of system simulation is provided.
2. Interference detection and enhanced CSI feedback

For near UE, it is important to try its best to cancel or suppress the interference mainly from far UE, which is critical to the recalculation of CQI, and the performance of the system. If the detection of the interference signal at near UE side is erroneous, in other words, the interference cannot be canceled effectively, it will bring negative impact to SINR calculation and CSI feedback. The capability for interference cancellation is related with the 3 categories of MUST schemes and the corresponding candidate receivers such as (R-)ML/SLIC/CWIC receiver.
For CQI aspect, MUST type CQI would be needed in order to more accurately reflect symbol SINR and interference. In general, the interference condition is time varying, not only due to the fast fading channel, but also because of the dynamic pairing process. This results in different CSIs for different subframes. It would be beneficial for eNB to obtain CSI in selected subframes [1]. 
For PMI aspect, it was proposed in [2] that UEs report not only the best PMI but also the second best PMI along with corresponding CSI, which is beneficial to increase the pairing probability with no significant precoding gain loss.
2.1 The second best PMI 
If multiple PMIs feedback is introduced, both far UE and near UE will report the best PMI and the second best PMI, then the indication for PMI in legacy DCI would not be applicable. For example, the first way is to indicate in each subband wise which PMI to follow, which is flexible but the overhead would be too much. Another way is to introduce one signaling status to inform which PMI to follow, it is less flexible than the previous approach with restriction. 
So , another way to feedback the best PMI and second best PMI is proposed. In transmission mode 10, 2 CSI processes are setup, it is possible to obtain the second best PMI by restriction of RI in each CSI process. For example, the Rank in the first CSI feedback is limited to 1, and the Rank in the second CSI feedback is limited to 2,  In this way, the UE can also  obtain the best PMI and the second best PMI by DMRS port. No signaling changes or new DCI format need to be considered to support the second best PMIs  in multiuser superposition transmission.
2.2 Interference Measurement for MUST
Enhanced CSI may be needed in order to more accurately reflect symbol SINR and interference at the output of advanced receivers. In general, the interference condition is time varying, not only due to the fast fading channel, but also because of the dynamic pairing process. One approach is to solely rely on the adjustment on the eNB side.  However, due to limited feedback with quantization error obtained by the eNB, it is more desirable to measure MUST interference at the UE side in order to obtain more accurate CSI.  It also makes more sense to share the same mechanism for both same precoder and different precoder cases. To measure MUST interference, we have the following two approaches:

1.  Multiple CSI processes can be setup with different CSI-IMRs with MUST interference with different powers.  

2.  Introduce aperiodic CSI-IMR to dynamically setup the MUST interference with desired power.

The first approach has limitation on the number of CSI processes that UE can support. This will limit the MUST interference hypotheses. For the second approach, changes are needed in the spec to configure aperiodic CSI-IMR.  Starting from Rel-11, UEs can measure interference based on CSI-IMR. However, Rel-11 does not explicitly specify in which particular subframe(s) the interference measurement should be done. It is a UE implementation issue to do the interference averaging across the IMR resources in different subframes. We can reuse the interference measurement scheme specified in Rel-11 with a small modification on reference subframe to obtain MUST interference. The network can assign a UE specific subframe which contains aperiodic IMR for interference measurement.  This subframe can be just the reference resource of aperiodic CSI feedback. If MUST CSI feedback is required from the network, the network can trigger the UE to report aperiodic feedback of MUST CSI as shown in Fig. 2.  At the same time, the network can generate interference signal on the CSI-IMR in the CSI reference resource with desired interference power. The interference signal can be decided by the serving eNB based on the expected scheduling in the future subframes. Multiple UEs can share the same CSI-IMR if the same MU interferer is expected for these UEs. If a different interfering precoder is expected for another UE, the network can do the same CSI triggering at some other subframe with transmission of interference with different precoder/power on the CSI-IMR as shown in the Fig. 3. This mechanism can be used for the MUST with the same precoder and different precoders.  CSI definition may need some changes in order to distinguish between these two cases.
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Figure 2 Triggering aperiodic CSI together with aperiodic IMR 
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 Figure 3 Aperiodic IMR for MUST

2.3 Soft-HARQ

To take into account of different advanced receiver (SIC/ML), we can let the UE estimate the CSI by considering the possible gain of the receiver.  However, it is often difficult for the UE to estimate the accurate CSI. One approach is to rely on outer-loop link adaptation by ACK/NACK.  However, this approach may take longer time to converge. This is particularly difficult for the network to do outer-loop link adaptation if MUST interference changes very often. To improve this, soft ACK/NACK can be introduced which contains delta SINR information along with ACK/NACK. It is shown in Fig.4 where the delta SINR is the difference between the SINR of demodulation and SINR of target BLER.  This SINR can be estimated using DMRS or PDSCH.  This can also be seen as the power offset suggested by the UE to maintain the target BLER. The eNB determines the granted MCS based on CSI and delta SINR.  
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Figure 4 Soft HARQ CSI feedback enhancement
In this section, the performances of Alt 1 and Alt 2 are compared. Alt 1 and Alt 2 are based on MUST scheme. Detailed simulation assumptions are described in Table A1.
Alt 1: Legacy CSI feedback.
Alt 2: Soft HARQ CSI Feedback Enhancement.
Table 1:  Simulation results @% 80RU for MUST (FTP packet size=0.5Mbyte)

	
	Mean UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	Alt 1(baseline)
	5.9039 
	-
	0.7084 
	-

	Alt 2
	6.9085 
	17.02%
	0.7632 
	7.74%


The results of Table 1 show cell edge performance gain is around7% and cell average performance gain is around 17%.  We suggest investigate CSI Feedback Enhancements for MUST.
3 Conclusions

In this contribution, the second best PMI is obtained by restriction of RI  in two CSI processes, more accurate interference measurement is discussed, and soft HARQ is proposed.
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Annex
Table A1:  System-level simulation assumptions of DL MUST

	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	real

	Channel Measurement
	real

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx ,0.5 lambda, cross-polarized
UE: 2Rx ,0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2 

	Delay time of scheduling
	6ms

	Traffic model
	FTP1, Packet Size=0.5Mbytes, lambda=2

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and SIC

	EVM
	EVM is modeled,8% TX, 4% RX
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