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Introduction
In 3GPP RAN1 #86, a variety of enhanced interference measurement schemes were proposed including the NZP CSI-RS based interference measurement [1][2][3], aperiodic CSI-IM [4][5] , CQI enhancement using DMRS ports [3]. A conclusion was made as the following 6]:
Conclusions:
· [bookmark: _GoBack]Whether the need of interference measurement enhancement in Rel-14 shall be decided in next meeting. 
· If needed, one or more schemes shall be supported in Rel 14.  Possible schemes are:
· Definition and configuration of a new type interference measurement 
· Interference measurement is based on cancellation of intended signals
· Both inter-cell and intra-cell interference should be captured
· FFS NZP CSI-RS or DMRS as CSI-IM or PDSCH
· Definition and configuration of a new type interference measurement
· Only intra-cell interference to be measured using NZP
· Aperiodic CSI-IM, based on 
· The existing CSI-IM
· The new CSI-IM type (see above, if specified).
· New UE measurement behavior for CQI reporting based on DMRS ports when corresponding PDSCH is transmitting.
· If needed, L1/RRC signaling to assist UE interference measurement
· Other schemes are not excluded.
In this contribution, we present our views on interference measurement enhancement for eFD-MIMO.
Necessity for interference measurement enhancement 
In current LTE system, the CQI/PMI/RI is reported assuming single user operation. Furthermore, the CQI is computed conditioned on the reported PMI/RI. While for MU-MIMO operation, the network has to predict MU-CQI based on UE pairing hypotheses using the SU-CQI and PMI/RI feedback from UE. The mismatch between predicted MU-CQI and realistic MU-CQI will lead to performance degradation. The issue would be more seriously for FD-MIMO when large number of antenna ports are deployed at the network making higher order MU-MIMO more feasible. On the other hand, accurate predicted MU-CQI for different UE pairing is also crucial for PF scheduler to achieve good trade-off between cell-edge user throughput and average cell throughput. 
Although advanced CSI feedback, i.e. improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2, will be supported to achieve high resolution CSI feedback to support efficient multi-user transmission for eFD-MIMO in Rel-14, the discrepancies in MU-CQI prediction and SU-MIMO based feedback will not go away as CSI feedback resolution increases.  
Table 1 and 2 below show some results of MU-MIMO for the 32-ports with (4, 4, 2) array where the baseline are Rel-13 Class A-type codebook and advanced CSI feedback with real MU rate prediction respectively. Note that the advanced CSI codebook consists of a linear combination of 4 orthogonal DFT beams with 2 bits phasing and 4 bits power weighting between beams [7]. We compare the performance of the real MU rate prediction vs. genie MU rate prediction (ideal MU-CQI). For real MU rate prediction, eNB needs to recalculate MU-CQI based on the reported SU-CQI by taking into account the mutual interference between co-scheduled UEs. For genie MU rate prediction, we assume ideal MU-CQI based on ideal interference measurement is available for scheduling decision. Realistic CSI-RS channel estimation is assumed in the simulation. Detailed simulation parameters are provided in the appendix. 
Results are reported for 3D UMi scenario at 2GHz with burst traffic (about 70% load) simulation. We can see that the genie MU rate prediction could greatly improve MU-MIMO performance for both cell edge and cell mean UE throughput no matter whether Rel-13 class A- type codebook or advanced CSI feedback is used. The genie MU rate prediction can provide average throughput gain of 16-17% and relatively larger cell edge throughput gain of 26-41%. 
Table 1: Throughput Gain with Rel-13 Class A codebook for 32-ports 2D array
	Simulation Cases
	Mean Throughput
	Cell Edge Throughput

	Real MU rate prediction
	17.474
	3.510

	Genie MU rate prediction
	20.484
	4.938

	Gain
	17%
	41%



Table 2: Throughput Gain with advanced CSI feedback for 32-ports 2D array
	Simulation Cases
	Mean Throughput
	Cell Edge Throughput

	Real MU rate prediction
	19.560
	4.651

	Genie MU rate prediction
	22.729
	5.889

	Gain
	16%
	26%



Observation 1: The gain from interference measurement enhancement can be large also for advanced CSI feedback.
Proposal 1: Interference measurement enhancement should be supported in Rel-14. 
Interference measurement enhancements
For NZP CSI-RS based interference measurement, the eNB needs to configure beamformed NZP CSI-RS in UE-specific way and transmits emulated MU signals on these ports to facilitate UE to measure accurate both intra and inter cell interference. The UE may perform channel estimation also from NZP CSI-RS antenna port, then subtract the own port signal from the received beamformed NZP CSI-RS ports to estimate the interference. The main issue for this scheme is how channel is measured. If channel measurement is based on non-precoded CSI-RS ports which is used for PMI determination, it implies that the MU precoding is based on PMI feedback by the UE and thus the advanced precoding such as SLR based precoding cannot be used for MU precoding. If the channel measurement is based on beamformed NZP CSI-RS which is also used for interference measurement, there could be large estimation error due to potential strong interference. As discussed in [8], the channel estimation error leads to significant bias in CQI estimation, which may offset the benefits of MU-MIMO interference measurements. If additional beamformed CSI-RS is configured for channel measurement, the CSI-RS overhead will increase significantly since the beamformed CSI-RS is UE-specific.
Observation 1: NZP CSI-RS based interference measurement enhancement may have issue on channel estimation accuracy, limitation on MU precoding algorithm and/or large CSI-RS overhead. 
Aperiodic CSI-IM was proposed with the claim to provide more flexibility of measuring desired interference in different subframes. It shall be noted that the similar function can be achieved by exploiting interference measurement restriction (MR) introduced in Rel-13. The network can emulate different interference signal according to different MU pairing hypothesis in different IMR subframes, then trigger UE to report aperiodic CSI based on latest emulated interference. Compare to interference MR, aperiodic CSI-IM may allow IMR flexibly placed in any subframe. However, the benefit of flexible IMR configuration is unclear if NZP CSI-RS is transmitted in every 5ms periodicity.
Observation 2: The benefit of introduction of aperiodic CSI-IM is unclear so far.
As proposed in [2], CQI reporting based on DMRS ports when corresponding PDSCH transmissions are present is a simple scheme to enhance interference measurement in Rel-14 without any additional CSI-IM overhead.  DMRS based MU-CQI can provide more accurate MU-CQI for the scheduled MU pairing hypothesis. DMRS based MU-CQI can be complementary to CSI-RS based SU CQI since it is available only when the corresponding PDSCH is transmitting. Given the inherent characteristics of subband-wise and opportunistic DMRS transmission, the complementary DMRS-based MU-CQI reporting can be triggered by network. If DMRS-based MU-CQI feedback is required from the network, the network can trigger the UE to report aperiodic CSI based on DMRS for the subframe PDSCH is scheduled. Therefore the existing A-CSI feedback mechanism can be reused for DMRS based CQI reporting. One possibility is to explicitly indicate the measurement reference type in the triggering state, e.g.., DMRS based or CSI-RS based. Another way is to have implicit mapping between measurement resource and CSI reference resource. So if there is no NZP CSI-RS configured in the CSI reference resource subframe while PDSCH transmission is present, the UE would report CQI based on DMRS instead of NZP CSI-RS. Otherwise the CSI based on NZP CSI-RS will be reported as the legacy. For CQI reporting based on DMRS, the network may use it to update the MCS and make the schedule decision together with SU CQI feedback based on NZP CSI-RS.
A system level simulation was chosen for the performance evaluation of the DMRS based interference measurement enhancement. A 32 TxRUs (M_TxRU=4, N_TxRU=4, P=2) virtualized from 64 elements 2D cross-polarized antenna array with M=8, N=8, P=2, dV=0.8, dH=0.5 was chosen for the evaluation. FTP traffic with 70% load and dynamic switching between SU-MIMO and MU-MIMO were simulated.  
Table 3 below shows the gains of complementary DMRS-based MU-CQI over the legacy CSI-RS based SU-CQI only. We observed that the complementary DMRS-based MU-CQI could achieve about 7~8% performance gain for cell edge UE throughput for both Rel-13 class A type codebook and advanced CSI feedback. 
Table 3: Gain of complementary DMRS based MU CQI over CSI-RS based SU CQI in UMi
	32TxRU, (4,4,2)           Config-2, (O1, O2)=(4,4)
	Mean Throughput 
	Cell Edge Throughput

	Class A type codebook
	2.76%
	7.86%

	advanced CSI codebook
	0.98%
	6.99%



Proposal 2: Complementary DMRS based interference measurement enhancement should be supported in Rel-14. 
[bookmark: _Ref378529477]Conclusions
In summary, we presents our view on potential enhancements on interference measurement to support efficient multi-user transmission for eFD-MIMO. Based on the discussion, we make the following observations:
Observation 1: The gain from interference measurement enhancement can be large also for advanced CSI feedback.
Observation 2: NZP CSI-RS based interference measurement enhancement may have issue on channel estimation accuracy, limitation on MU precoding algorithm and/or large CSI-RS overhead. 
Observation 3: The benefit of introduction of aperiodic CSI-IM is unclear so far.
Based on these observations we propose:
Proposal 1: Interference measurement enhancement should be supported in Rel-14. 
Proposal 2: Complementary DMRS based interference measurement enhancement should be supported in Rel-14. 
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Appendix
Table 1 System simulation assumptions
	Parameter
	Value

	Scenario
	3D-UMi (200m ISD) 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	eNB Antenna configuration
	(M,N,P, Q)=(8,8,2,32)
Cross-polarization: +/-45 degrees

	UE antenna configuration
	2 RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	Full buffer for 16 ports and FTP traffic for 32 ports

	UE association
	RSRP on CRS port0 with 3dB handover margin

	MIMO configuration
	Dynamic SU/MU: rank adaptation w/ CSI-RS 
Up to 2 layers for each UE and up to 4 layers per cell

	CSI acquisition
	CSI-RS based CQI only: 5ms feedback period and 4ms delay
Complementary DMRS based CQI: 10ms feedback period and 4ms delay

	Scheduling algorithm
	PF

	Receiver
	MMSE-IRC receiver

	CSI feedback 
	PUSCH Mode 3-2, 5ms CSI delay

	Overhead
	CRS, PSS/SSS, DMRS, PCFICH, PDCCH, CSI-RS
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