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Introduction
At the RAN1 #86 meeting, the following conclusions were drawn on interference measurement enhancements [1]:
Conclusions:
· 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 discuss the enhanced interference measurement schemes and its specification impacts.
MU-CQI Measurement and Reporting based on CSI-RS
With the DMRS enhancements in Rel. 13 EB/FD-MIMO to support more MU layers, the multi-user interference, from both intra-cell and inter-cell, becomes more complex. The interference level highly depends on the scheduled UE numbers and how well spatial multiplexing is achieved among the co-scheduled UEs. The existing interference measurement and reporting mechanism cannot accurately measure the interference which is very dynamic in the TTI level.
Emulating the MU interference signals based on CSI-RS ports is a possible enhancement scheme for MU interference measurements. In this scheme, eNB can transmit emulated multiplexed MU signals on CSI-RS ports to enable UEs to measure the MU interference. Since the actual MU interference on PDSCH transmission depends on the eNB scheduling results, the emulated signal and the corresponding measurement should be based on pre-scheduling results. Therefore, the MU interference measurement is aperiodic and we can utilize the on-going discussed aperiodic CSI-RS framework for MU interference measurement enhancements. In additional to the aperiodic CSI-RS, new CSI-RS resource configurations, and the corresponding UE behaviors and/or feedback mode shall be considered to enable the aperiodic CSI-RS based MU interference measurement and MU-CQI estimation. Based on these discussions, we have the following proposal.
Proposal 1: Enhance MU interference measurement and MU-CQI estimation based on the framework of aperiodic CSI-RS.
The detailed schemes and specification impacts will be discussed in the following subsections.
CSI-RS configurations for interference measurements
One possible approach for intra-cell interference measurements is to transmit an emulated signal on UE-specific CSI-RS ports. With this approach, one or a group of CSI-RS ports (CSI-RS group), should be predefined and configured to UE for MU-CQI estimation. Up to 8 CSI-RS can be used for intra-cell interference measurement only. If each CSI-RS group only contains one CSI-RS port, the scheduling flexibility for interference measurements is constraint, but if each CSI-RS group contains more than one CSI-RS ports, additional downlink signalling should be used to indicate the detailed CSI-RS port used by intra-cell interference measurement. In addition, additional CSI-RS is required for signal power measurements.
Based on these analysis, our proposal is to use a group of CSI-RS which contains up to 8 CSI-RS ports for MU-CQI measurement. According to the pre-scheduling results, eNB transmits emulated MU signals on these ports, where the transmission scheme is the same as the MU PDSCH transmissions, and then UEs detect signal power as well as intra-cell interference on these ports. By utilize these 8 ports, both signal power and interference power can be measured simultaneously. Under the framework of current aperiodic CSI-RS, this group of CSI-RS can be configured as a new CSI-RS resource and notify to UE. Once the aperiodic CSI-RS measurement is triggered with this new CSI-RS resource, the MU-CQI measurement is performed and reported. Another alternative is to define 8 CSI-RS resources corresponding to these 8 ports. When triggering the aperiodic CSI-RS measurement, the CSI-RS resources for dedicated data channels should be indicated to UE together with an indication of MU-CQI measurement mode. The proposals can be summarized as following
Proposal 2: Configure a group of CSI-RS ports for both signal power and interference power measurements for all UEs to derive MU-CQI, where the group includes at most 8 CSI-RS ports corresponding to the maximum 8 layers for MU-MIMO transmissions. Consider the following two alternatives for the detailed configurations:
· Alt. 1: Define a new CSI-RS resource to contain all CSI-RS ports and notify UE that this CSI-RS resource is corresponding to the MU-CQI measurement and reporting.
· Alt. 2: Define multiple CSI-RS resources, each of which contain 1 CSI-RS port. The MU-CQI measurement and reporting should be notified to UE in the signalling that triggers the aperiodic CSI-RS measurements.
UE behavior
When a UE receives CSI-RS, which is transmitted with the scheme discussed in Section 2.1, it should know which port or ports are corresponding to its dedicated data link and which ones are corresponding to intra-cell interference. One way is to explicitly indicate the signal port(s) in DCI, which is also under discussed in the scope of aperiodic CSI-RS enhancements. To save the DCI overhead, implicit indication is also an attractive alternative. UEs can measure each CSI-RS port in the configured group and take one or two most powerful ports as signal power, and remain ones as interference power. The rank, one or two, can also be indicated explicitly or implicitly. For implicit indication, UE can refer to the most recent RI value reported to eNB. Therefore, for such a new CSI-RS group, new UE behavior to derive MU-CQI should be specified with one scheme selected from following alternatives.
Proposal 3: Specify new UE behavior for deriving the MU-CQI based on the new CSI-RS group with the following alternatives:
· Alt. 1: UE selects one or two CSI-RS ports as signal and remain ports as intra-cell interference to derive MU-CQI, where the RI (one or two) is indicated by DCI.
· Alt. 2: UE selects one or two CSI-RS ports as signal and remain ports as intra-cell interference to derive MU-CQI, where the RI (one or two) is implicit decided, e.g., by most recent UE RI reporting.
· Alt. 3: The signal port(s) are indicated by DCI with the signalling to trigger the aperiodic CSI-RS measurements.
Triggering of the MU-CQI measurement and reporting
Since we reuse the framework of aperiodic CSI-RS for interference measurements, the trigger of the MU-CQI measurement and reporting can be the same as the aperiodic CSI-RS. The additional information which should be notified to UE is whether to apply the new behavior to measure MU-CQI. To save the DCI overhead, a proper approach is to use RRC signalling to configure a specific CSI-RS resource for MU-CQI estimation. When the measurement of this CSI-RS group is triggered, UE will measure and report MU-CQI.  The MU-CQI measurement can also be indicated with an indication bit in DCI which triggers aperiodic CSI-RS measurement. In such case, new CSI-RS resource is not necessary to keep the flexibility on the usage of the CSI-RS resources. Accordingly, we have following proposals on the triggering issue
Proposal 4: The MU-CQI measurement and reporting is triggered by DCI which triggers aperiodic CSI-RS measurement, either explicitly indicated by one additional bit in DCI or implicitly configured by RRC signalling.
MU-CQI Measurement and Reporting based on DMRS
The CSI-RS transmission scheme for intra-cell interference measurement is an emulation of PDSCH transmission. Based on this observation, we can also consider to use DMRS for the measurement when there is PDSCH transmissions. By utilizing the opportunity of PDSCH transmission, MU-CQI can be measured under a practical environment. Since the transmission of PDSCH is not periodic, the DMRS based MU-CQI measurement is also aperiodic, like the measurement based on aperiodic CSI-RS. However, DMRS based MU CQI estimation has the advantage that it can avoid complicated configuration and triggering of the CSI-RS resources. Therefore, we can define new UE behavior and reuse the signalling corresponding to aperiodic CSI-RS measurement and reporting with enhancements to trigger and DMRS based MU-CQI measurement and reporting.
Proposal 5: Specify new UE behavior to measure and report MU-CQI as an aperiodic feedback.
Proposal 6: The DMRS based MU-CQI measurement and reporting is triggered by reuse the signalling to trigger aperiodic CSI-RS reporting with a new CSI-RS resource, together with PDSCH transmissions in the measurement window around the trigger signalling.
Feedback Mode for Both Enhancement Schemes
With the proposals in Section 2 and Section 3, UE can measure MU-CQI on all subband in case of CSI-RS based, or on partial subband in case of DMRS based. Feedback mode 3-0 can be reused to carry the feedback information for CSI-RS based MU-CQI measurement. For DMRS based MU-CQI, new feedback mode can be introduced which is PDSCH related subband feedback to carry the MU-CQI of subbands with PDSCH transmission, as well as the wideband MU-CQI which is an averaging value of subband MU-CQI.
Proposal 7: Specify a new feedback mode, e.g., mode 4-0, to carry both wideband and subband MU-CQI with PDSCH transmission. The new feedback mode is used when DMRS based MU-CQI measurement is triggered.
Performance Evaluation
We evaluated the performance of DMRS based MU-CQI measurement and reporting. Table A shows the simulation assumptions. We consider a system working in TDD mode. The channel direction information is obtained with reciprocity based CSI acquisition. For baseline scheme, the CQI is measured with 32 CSI-RS ports, and for enhanced scheme, MU-CQI is measured on DMRS ports when there are PDSCH transmissions. The MU dimension for PDSCH transmissions is 8 layers in maximum. At eNB side, if MU-CQI is reported from UE, it will replace the CSI-RS based CQI during multi-user scheduling and MCS selection for the downlink transmissions. Otherwise, CSI-RS based CQI is used.
Table I shows the evaluation results, based on which we have the following observations
Observation 1: Significant performance gain on both average and 5% UE packet throughput is observed with MU-CQI opportunistically measured on DMRS ports with PDSCH transmissions, especially for high RU case.
Table 1: Simulation results on proposed DMRS aided MU-CQI measurement and report
	
	Low RU
	Medium RU
	High RU

	
	Baseline
	MU-CQI
	Baseline
	MU-CQI
	Baseline
	MU-CQI

	RU [%]
	24.4%
	23.2%
	60.0%
	56.5%
	75.3%
	68.9%

	Average PTH [Mbps]
	39.8
	40.6
(+2.0%)
	23.9
	26.5
(+10.9%)
	17.8
	21.8
(+22.5%)

	5% UE PTH [Mbps]
	14.7
	17.5
(+19.0%)
	6.2
	8.4
(+35.5%)
	4.1
	6.2
(+51.2%)



Summary
In this contribution, we discuss the enhancement schemes on MU-CQI measurement and reporting, and provide simulation results with our proposed schemes. We made following observation and proposals
Observation 1: Significant performance gain on both average and 5% UE packet throughput is observed with MU-CQI opportunistically measured on DMRS ports with PDSCH transmissions, especially for high RU case.
Proposal 1: Enhance MU interference measurement and MU-CQI estimation based on the framework of aperiodic CSI-RS.
Proposal 2: Configure a group of CSI-RS ports for both signal power and interference power measurements for all UEs to derive MU-CQI, where the group includes at most 8 CSI-RS ports corresponding to the maximum 8 layers for MU-MIMO transmissions. Consider the following two alternatives for the detailed configurations:
· Alt. 1: Define a new CSI-RS resource to contain all CSI-RS ports and notify UE that this CSI-RS resource is corresponding to the MU-CQI measurement and reporting.
· Alt. 2: Define multiple CSI-RS resources, each of which contain 1 CSI-RS port. The MU-CQI measurement and reporting should be notified to UE in the signalling that triggers the aperiodic CSI-RS measurements.
Proposal 3: Specify new UE behavior for deriving the MU-CQI based on the new CSI-RS group with the following alternatives:
· Alt. 1: UE selects one or two CSI-RS ports as signal and remain ports as intra-cell interference to derive MU-CQI, where the RI (one or two) is indicated by DCI.
· Alt. 2: UE selects one or two CSI-RS ports as signal and remain ports as intra-cell interference to derive MU-CQI, where the RI (one or two) is implicit decided, e.g., by most recent UE RI reporting.
· Alt. 3: The signal port(s) are indicated by DCI with the signalling to trigger the aperiodic CSI-RS measurements.
Proposal 4: The MU-CQI measurement and reporting is triggered by DCI which triggers aperiodic CSI-RS measurement, either explicitly indicated by one additional bit in DCI or implicitly configured by RRC signalling.
Proposal 5: Specify new UE behavior to measure and report MU-CQI as a aperiodic feedback.
Proposal 6: The DMRS based MU-CQI measurement and reporting is triggered by reuse the signalling to trigger aperiodic CSI-RS reporting with a new CSI-RS resource, together with PDSCH transmissions in the measurement window around the trigger signalling.
Proposal 7: Specify a new feedback mode, e.g., mode 4-0, to carry both wideband and subband MU-CQI with PDSCH transmission. The new feedback mode is used when DMRS based MU-CQI measurement is triggered.
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	Parameter
	Values

	Scenarios
	3GPP 3D-UMi

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	[bookmark: _GoBack]BS Tx power
	41 dBm

	BS antenna configurations
	8V x 4H x 2P

	BS antenna pattern
	TR36.873

	BS TXRU mapping
	One-to-one port mapping

	UE antenna configurations
	1V x 1H x 2P

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 (Downtilt of CRS port 0 is 100 deg)

	UE antenna pattern
	Omni-directional

	UE velocity
	3kmph

	Traffic model
	FTP

	UE receiver
	MMSE-IRC

	CSI acquisition
	CDI: Ideal based on channel reciprocity.

	
	CQI/RI:
Baseline: Based on 32 ports CSI-RS.
Proposed scheme: Additional DMRS based MU-CQI.

	
	Feedback period: 1ms. Latency 1ms.

	Scheduler
	Multi-user PF user scheduler
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