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1 Introduction  
In 3GPP RAN1#84bis, interference measurement was discussed and the following was agreed [1] ：
Candidates for CQI Enhancement:

· CQI Derivation 

· Interference estimation based on NZP CSI-RS

· MU-CQI conditioned on MU hypotheses and CSI-IM

· Reduced CQI feedback delay

· Note: other schemes are not precluded
In our view, the CQI accuracy should be enhanced taking the following techniques into considerations 
· Improving MU- interference measurement accuracy
· Reducing CQI feedback latency 
In this contribution, we discuss the CQI enhancement alternatives concluded on RAN1#84bis and present our preferences. The performance evaluation of our proposals is also provided based on the evaluation assumptions agreed in last meeting [1].
2 Discussion on the CQI Derivation
Downlink MU-MIMO is extensively used in practical deployed networks. To facilitate MU-MIMO operation, accurate CQI taking intra-cell MU-MIMO interference into account should be captured precisely in CQI report. 
In Rel-13, the IMR resource is used for interference measurement. However, as the MU pairing is dynamic, the interfering UE will also change dramatically. If IMR is used to measure the interference from dynamic changed interfering UE, one UE has to be configured with multiple IMRs to capture different paired UEs’ channel. As shown in Figure 1, the resource of IMR of one UE overlaps with the beamformed NZP CSI-RS of the MU paring UE to capture MU interference. If the MU paring UEs are different in each PRB pair, the corresponding IMR of one UE will vary across different PRB pairs. It will increase the UE measurement complexity and signalling overhead to inform UE the IMR resources. Above all, the overhead of IMR will increase significantly as the number of MU increases. Compared with IMR, NZP CSI-RS is configured uniformly. Therefore, we propose to use NZP CSI-RS for interference measurement. Limiting the overhead is one important motivation to introduce the interference measurement based on the NZP CSI-RS. 
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Figure 1 IMR for interference measurement
Observation 1: The overhead of IMR will increase significantly as the number of MU increases. 
Two alternatives were proposed in last meeting to address this issue from separate aspect.
Interference estimation based on NZP CSI-RS
One way to obtain accurate MU interference is to probe inference of subframe n+L with small amount of resource at subframe n by mimicking the scheduling in subframe n+L. It provides the possibility for a UE to measure the interference in advance reflecting that the UE will suffer in the actually scheduled subsequent subframe. If all the cells follow the same principles to transmit probing CSI-RS precoded or non-precoded on the same NZP CSI-RS resource, the interference measured on subframe n can reflect the real interference that scheduled PDSCH experiences. 
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Figure 2 NZP CSI-RS pattern for interference measurement
As shown in Figure 2, a set of CSI-RS resource are defined for both channel and interference measurement. All the cells share the same CSI-RS resource to accurate emulate inter-cell interference. For a UE, a subset of the CSI-RS resource is as the NZP CSI-RS for channel measurement, and all the CSI-RS resource are treated as CSI-IM for both inter and intra cell interference measurement. It is assumed that four ports NZP CSI-IM is adopted as an exemplary case in Figure 2. Instead 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 a UE in cell 1, port 0 and port 1 are indicated as the NZP CSI-RS for channel measurement. After subtracting channel estimates on port 0-port1, the remaining power on port0~ port3 can be treated as combined inter and intra cell interference.  
Comparing to IMR based interference measurement, NZP CSI-RS configuration is less dynamic and the measurement overhead is significantly reduced. Therefore, we propose to use NZP CSI-RS for interference measurement. There is an argument against NZP CSI-RS interference measurement that the accuracy of interference measurement can’t be guaranteed. However, as the CQI measured on NZP CSI-RS is aligned with true CQI thanks to the CSI-RS probing, the CQI impairment is still much lower than CQI mismatch without probing. The simulation result in Figure 4 indicates that the inaccuracy of NZP CSI-RS interference measurement is not a problem. Considering the benefits, such as the overhead saving and complexity reducing relative to IMR solution, interference measurement on NZP CSI-RS is worthy to be specified in Rel-14.
Observation 2: Inaccuracy is not a big issue for using NZP CSI-RS to measure interference, while   overhead and complexity will be decreased significantly compared with IMR solution for MU.
Thus we propose
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.

MU-CQI conditioned on MU hypotheses and CSI-IM
MU-CQI conditioned on MU hypotheses and CSI-IM is another technique for CQI enhancement including UE emulation and eNB emulation for intra-cell interference measurement. In the UE emulation, UE reports multiple CQIs with different intra-cell interference hypothesis. Intra-cell interference is emulated by UE while inter-cell interference is still measured by CSI-IM. The precoders or the covariance matrix of each co-scheduled UE should be provided to UE for emulating intra-cell interference. Besides, different sets of parameters corresponding to different intra-cell interference hypothesis should be provided to UE with a dynamic signaling trigger. Obviously, this mechanism increases the UE measurement complexity and signalling overhead to inform co-scheduled UE’s information. If the parameters of intra-cell interference hypotheses do not include all the possible co-scheduled UEs, the scheduling flexibility will be restricted when the eNB only selects the paired UE from the hypotheses set. Additionally, UE has to report multiple CQIs using multiple subframes with limited ability, which leads to the report delay and causes CQI mismatch.
For the technique based on the eNB emulation, eNB emulates interference signal from co-scheduled UEs by transmitting signals on the CSI-IM with desired intra-cell interference hypothesis, then informs UE to measure interference on the CSI-IM with a dynamic trigger. eNB has to configure multiple CSI-IM to the UE in order to obtain multiple MU hypothesises in a short time. Then it will consume much CSI-IM resource. There is a proposal from RAN1#84 meeting that multiple CSI-IMs can be configured to a group of UEs in order to save CSI-IM resource. eNB dynamically indicates one UE to measure these CSI-IMs, which increase the control signal overhead. In addition, the UE measurement complexity and feedback overhead will be increased. On the other hand, the eNB scheduling flexibility will also be restricted. Meanwhile, the report delay resulted from multiple CQI reporting may also lead to CQI mismatch. 
Observation 3: The UE measurement complexity and feedback overhead will increases for MU-CQI conditioned on MU hypotheses and CSI-IM.
Observation 4: The report delay will lead to CQI mismatch due to the limitation of UE’ capability for multiple CQIs reporting.

3 Discussion on fast CQI feedback 
Another aspect in CQI enhancement is to reduce CQI feedback delay. UE should feedback CQI as soon as possible. As the channel and interference varies in time domain, the CQI of the channel also changes. Figure 3 shows the statistic interference in the simulation changes dramatically in time domain in the full buffer scenarios.  If UE does not feedback the CQI timely before being scheduled, the link adaptation parameters decided by eNB will not match the actual channel condition.  Therefore, to capture the fast variation of channel information to enable eNB get the accurate system information, fast CQI feedback needs to be supported.
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Figure 3 Interference variation across time domain
Based on the above discussions, we have the following proposal:
Proposal 2: Fast CQI feedback mechanism should be supported to assist the eNB to obtain the channel information timely. 
4 Evaluation results 
Figure 4 provide the evaluation results regarding the two techniques consist of pre scheduling and fast CQI feedback techniques with about 70% RU. The detailed simulation assumption can be found in the appendix. Additionally, for downlink channel measurement and the interference measurement, the error modelling of NZP CSI-RS based on pre-scheduling is considered in the simulation.
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Figure 4 Performance comparison for pre scheduling and fast CQI
From the simulation result, we have the following observation:
Observation 5: Pre scheduling and fast CQI feedback techniques can provide up to 18.77% gain for average UPT and 26.97% gain for 50% UPT over R12 codebook based feedback. 
5 Conclusions
In this contribution, we focus on the discussion on the interference measurement enhancement based on pre scheduling and the fast CQI feedback. We also provide the individual performance evaluation results of pre scheduling and the fast CQI feedback. We have the following observations and proposals:
Observation 1: The overhead of IMR will increase significantly as the number of MU increases.
Observation 2: Inaccuracy is not a big issue for using NZP CSI-RS to measure interference, while   overhead and complexity will be decreased significantly compared with IMR solution for MU.
Observation 3: The UE measurement complexity and feedback overhead will increases for MU-CQI conditioned on MU hypotheses and CSI-IM.
Observation 4: The report delay will lead to CQI mismatch due to the limitation of UE’ capability for multiple CQIs reporting.

Observation 5: Pre scheduling and fast CQI feedback techniques can provide up to 18.77% gain for average UPT and 26.97% gain for 50% UPT over R12 codebook based feedback. 
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: Fast CQI feedback mechanism should be supported to assist the eNB to obtain the channel information timely.
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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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l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.897

	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: rank adaptation
Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI reporting triggered per 1ms , PMI reporting triggered per 5ms

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

	Handover margin
	3dB
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