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Introduction
At the RAN1 #85 meeting, following agreements have been reached about advanced CSI reporting and interference measurements for Rel. 14 [1].
[bookmark: _GoBack]Agreements:
· Advanced CSI
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:
· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 
· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation
· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 
In this contribution, we discuss the MU-CQI issue in FD-MIMO and propose alternative schemes to enhance the MU-CQI measurement and reporting.
Discussions on MU-CQI Reporting and Interference Measurement
As one of the major MIMO enhancements in Rel. 13, the MU dimension has been enhanced to support simultaneous tranmission of maximally 8 layers, multiplexed on 4 orthogonal DMRS ports. With such MU dimension, the multi-user interference (MUI) conditions are significently different from pre-Rel. 13 networks, wherein only a maximal number of 4 layers, multiplexed on 4 orthogonal DMRS ports can be supported. When more UEs are co-scheduled and spatially multiplexed, MU interference generates larger impact on the realibility of downlink transmissoins. MU-CQI reporting enhancements have been discussed during the MIMO enhancements from Rel. 10 to Rel. 13. Several schemes have been proposed, e.g., [2]~[6], which include MU-CQI derivation algorithms based on different UE hypothesises such as best companion PMI (BCI) or different multiplexing layers. However, these schemes haven’t introduced considering the tradeoff between performance gain and possible drawbacks such as feedback overhead. Therefore, it is beneficial to further study the MU-CQI reporting assuming Rel. 13 MIMO transmission conditions with some benefit from channel reciprocity. Especially, in TDD systems where CSI on transmitter side can be obtained with channel reciprocity, more UEs can be spatially multiplexed with controllable MUI level. Therefore, the potential performance gain of advanced MU-CQI reporting should be investigated in TDD systems. Based on these discussions, we have following observation and proposal:
Observation 1: Advanced MU-CQI reporting schemes can be considered assuming CSI obtained via channel reciprocity.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Enhancements on MU-CQI Reporting and Interference Measurements
The delimma of MU-CQI measurement is that MU-CQI and user scheduling are mutually dependent. The CQI information used during the user scheduling and link adaption cannot assume the exact user pairing results from the scheduler. How to solve this delimma is the key point for MU-CQI enhancement. In the sequel, several candidate schemes for MU-CQI enhancements are introduced, which can be as an enhancement for Rel. 14. For MUI measurement, a group of CSI-RS ports can be used to facilitate UE measurement, to save the CSI-RS ports and simplify the measurement procedure, we introduces a scheme to let UE measure not only interference, but also signal powers after user pairing is determined. Details of this scheme is presented in Section 3.1. To further save the usage of CSI-RS ports, the MU-CQI can be derived on DMRS ports when PDSCH are available. A scheme with DMRS aided MU-CQI measurement and reporting is presented in Section 3.2.
MU-CQI measurement and reporting based on CSI-RS
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Fig. 1: MU-CQI measurement based on CSI-RS
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Fig. 2: Trigger and reporting of MU-CQI based on CSI-RS
As agreed in the last RAN1 meeting, candidates for enhancement schemes include interfernce measurement based on NZP CSI-RS or CSI-IM. In these schemes, NZP CSI-RS is beamformed and NZP CSI-RS  and CSI-IM are UE-specific. The eNB transmits emulated MU signals on these ports to enable the UE measurement of accurate MU CSI. Considering the MU dimension, at most 8 CSI-RS ports are needed, corresponding to 8 MU layers. The pre-scheduling before PDSCH transmission is also necessary to emulate such kind of MU signals on CSI-RS ports. In order to reduce the overhead of the configuration, and DCI signalling, 8 CSI-RS ports can be pre-configured for UE interference measurements, and use only a flag in UL grant to trigger the MU-CQI measurement and reporting. After the triggering, new UE behavior is necessary to conduct the measurement on the pre-configured ports. UEs should regard one or two CSI-RS ports as dedicated signal ports and others as interference ports. One alternative is that a UE measures the power on each ports and take the most significant one or two ports as signal ones, another alternative is to explicit notify the channel measurement CSI-RS and interference measurement CSI-RS resources to the UE in DCI signalling. Fig. 1 shows a diagram of CSI-RS transmission schemes and UE measurements, and Fig. 2 demostrates the trigger and reporting procedures. With such scheme, UEs can derive the MU-CQI only based on this group of CSI-RS ports without the measurement results on other CSI-RS ports. Based on these discussions, we make the following proposal.
Proposal 1: For interference measurement based on NZP CSI-RS or CSI-IM, pre-configure a group of CSI-RS ports to transmit emulated MU signals based on pre-scheduling results.
· New UE behaviors should be defined to enable correct MU-CQI derivation.
· DCI signalling is used to trigger the MU-CQI measurement on pre-confgiured CSI-RS ports.
MU-CQI measurement and reportig aided by DMRS
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Fig. 3: Trigger and reporting of MU-CQI based on DMRS with PDSCH transmissions
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Fig. 4: Feedback value when DMRS based MU-CQI is available
As discueed in Section 3.1, up to 8 CSI-RS ports are required to enable interference measurement on NZP CSI-RS or CSI-IM. In order to reduce the CSI-RS overhead, it can be considered to use the DMRS during PDSCH transmission to aid the MU-CQI measurement and reporting.
During the PDSCH transmission, the CQI measured on DMRS ports is more realistic than that measured from CSI-RS ports. One possible drawback is that DMRS is not tranmitted periodlically and does not occupy the entire bandwidth. In FD-MIMO systems, considering the channel hardening effect when large scale antenna array is used, the CQI is less variant. Therefore, an oppotunistic MU-CQI feedback based on DMRS can be designed to report DMRS based MU-CQI as a complement to CSI-RS based CQI. Triggering and the definition if reference resources can be designed by reusing the mechamism of aperiodic CSI request/reporting, as shown in Fig. 3. Fig. 4 gives a diagram to demostrate the CQI feedback value with DMRS based MU-CQI. A new feedback mode can be defined to accommodate such feedback information. Similar to CSI-RS based measurement and reporting, new UE behaviors should be designed to support such kinds of reporting.

Proposal 2: DMRS aided MU-CQI measurement and reporting can be considered as a complement to existing CQI reporting schemes to oppotunistically provide realistic MU-CQI feedback.
· UE measures MU-CQI on DMRS ports when receiving dedicated PDSCH.
· MU-CQI reporting can be triggered as a special type of aperiodic CSI reporting together with PDSCH transmission.
· A new feedback mode can be defined to accommodate DMRS based MU-CQI.
Initial Performance Evaluation
We evaluate the performance of proposed DMRS aided MU-CQI measurement scheme, with which UEs report the CQI measured on DMRS ports when downlink PDSCH transmissions are present, and the eNB uses DMRS based CQI to schedule users instead of legacy CQI report when DMRS based CQI is available. According to Observation 1, the performance is evaluated with channel reciprocity-based downlink transmissions in TDD mode. The detailed simulation assumptions are shown in Table A in the Appendix.
Table 1 shows the simulation results. From the results, we have the following observation
Observation 2: With the DMRS aided MU-CQI measurement and report, the cell average PTH is improved with medium RU cases, and we observed large performance gain on 5% UE PTH.

Table 1 Simulation results on proposed DMRS aided MU-CQI measurement and report
	
	Low RU case
	Medium RU case

	
	Legacy CQI
	MU-CQI
	Legacy CQI
	MU-CQI

	RU [%]
	14
	14
	36
	35

	Average PTH [Mbps] 
	46
	46 (+0.0%)
	33
	34 (+3.0%)

	5% UE PTH [Mbps]
	20
	21 (+5.0%)
	11
	12 (+9.0%)


Summary
In this contribution we discuss the enhancements of CQI and interference measurement schemes for MU CSI reporting. The observation includes, 
Observation 1: Advanced MU-CQI reporting schemes can be considered assuming CSI obtained via channel reciprocity.
Observation 2: With the DMRS aided MU-CQI measurement and report, the cell average PTH is improved with medium RU cases, and we observed large performance gain on 5% UE PTH.
And the proposals are,
Proposal 1: For interference measurement based on NZP CSI-RS or CSI-IM, pre-configure a group of CSI-RS ports to transmit emulated MU signals based on pre-scheduling results.
· New UE behaviors should be defined to enable correct MU-CQI derivation.
· DCI signalling is used to trigger the MU-CQI measurement on pre-confgiured CSI-RS ports.
Proposal 2: DMRS aided MU-CQI measurement and reporting can be considered as a complement to existing CQI reporting schemes to oppotunistically provide realistic MU-CQI feedback.
· UE measures MU-CQI on DMRS ports when receiving dedicated PDSCH.
· MU-CQI reporting can be triggered as a special type of aperiodic CSI reporting together with PDSCH transmission.
· A new feedback mode can be defined to accommodate DMRS based MU-CQI.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenarios
	3GPP 3D-UMi

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	Channel model
	3GPP 3D-UMi

	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 64 port CSI-RS.
Proposal: Additional DMRS based MU-CQI.

	
	Feedback period: 1ms. Latency 1ms.

	Scheduler
	Multi-user PF user scheduler
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