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1 Introduction  
In 3GPP RAN1#86meeting, interference measurement was discussed and the following was agreed [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 our view, the CQI accuracy should be enhanced by taking the following techniques into considerations 
· Improving measurement accuracy for both inter-cell and intra-cell interference
· Reducing CQI feedback latency 
In this contribution, we discuss the interference measurement schemes, and present our preference. The performance evaluation and the standard impact of interference measurement enhancement are also provided.
2 Discussion on interference measurement schemes
In this section, we will discuss which part of interference needs to be enhanced and which reference signal among DMRS, CSI-IM and NZP CSI-RS should be used for interference measurement.
Both inter-cell and intra-cell or intra-cell only IM enhancement

Accurate CQI is crucial to link adaptation quality. It is a very important part of CSI feedback framework. However, in LTE system, the CQI mismatch does exist. For instance, in burst buffer traffic, interference fluctuates very fast. The measured interference at the CSI measurement instance could be quite different from that at the scheduling instance. The misalignment issue exists for both inter-cell and intra-cell interference. With interference misalignment, the reported CQI can not reflect the real channel condition for the eNB to perform proper link adaptation. In consequence, it will lead to performance degradation. 

Observation 1: Measurement mismatch of both inter-cell and intra-cell interference leads to CQI misalignment.
Inter-cell interference is as important as intra-cell interference to CQI measurement.  If either of them is inaccurate, the system performance will be seriously impacted. Therefore, both inter-cell and intra-cell interference enhancement should be specified. Furthermore, to consider inter-cell interference enhancement on top of intra-cell interference enhancement does not bring extra standard efforts based on our proposed scheme in later section.
Hence, we propose
Proposal 1: Both inter-cell and intra-cell interference measurement should be enhanced. 
DMRS,  CSI-IM or NZP CSI-RS

Up to LTE Rel-13, DMRS is only used for channel estimation for data demodulation. In order to measure MU interference on DMRS, other ports mimicking MU interference can be transmitted in addition to intended DMRS. However, the additional ports will share the power allocated for DMRS. Thus, intended DMRS has to be transmitted with reduced power on the corresponding REs. The demodulation performance will degrade and system performance will be compromised, although the DMRS based interference could probably save resources. The other solution is to pre-schedule MU PDSCH transmission on subframe n if eNB is going to schedule this paired UEs on sunframe n+L. So that the interference on subframe n is identical to that on subframe n+L from MU interference perspective if the interval between the pre-scheduling instant and scheduling instant is short enough. And also both scheduling should allocate the same DMRS resource to same UEs. All these requirements will bring limitation in UE scheduling, which will leads to great performance loss. 
Observation 2: DMRS based interference measurement will bring scheduling limitation. 
In Rel-13, the CSI-IM resource is introduced for interference measurement. However, as the MU pairing is dynamic, the interfering UE will also change dramatically in different time instances. If IMR is used to measure the interference from dynamically varying 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 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. The overhead of IMR will increase significantly as the number of paired UE increases. Furthermore, since extra CSI-IM resources would be needed to measure this dynamic intra interference, the resource overhead will increase significantly.
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Figure 1 IMR for interference measurement
Observation 3: Overhead will increase significantly as the number of paired UE increases, if IMR is used for interference measurement enhancement. 
There was another proposal from last meeting, where a UE is configured with multiple NZP beamformed CSI-RS resources to only measure intra-cell interference. On the one hand, as the channel of co-scheduled UE estimated on the resource is inaccurate, the intra-cell interference will also be inaccurate. On the other hand, since only part of the co-scheduling interference is taken into account in CQI calculation in order to reduce overhead, the estimated CQI is also inaccurate.
However, if we use the interference measurement based on cancellation of intended signals, which is UE self channel estimation, the situation becomes quite different. Our proposed unified NZP CSI-RS based IM not only saves resource, but also tracks the interference variation dynamically. Besides, NZP CSI-RS will not impact the system performance in demodulation and scheduling. The detailed design for NZP CSI-RS interference will be depicted in the next section.
3 NZP CSI-RS based interference measurement
In this section, we provide the details of NZP CSI-RS based interference measurement enhancement.
Pre-scheduling

To avoid the inter-cell and intra-cell interference mismatch between the measurement instant and scheduling instant, the pre-scheduling technique can be used to probe interference in subframe n+L with small amount of resource at subframe n by mimicking the scheduling in subframe n+L. 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 accurately reflect the real interference (including inter-cell and intra-cell interference) that scheduled PDSCH will experience. 
NZP CSI-RS Resources
To enable pre-scheduling, the reference signal design for interference measurement is very important and it must reflect the real instantaneous interference from interfering UEs. To avoid high overhead of IMR, we propose to use NZP CSI-RS for interference measurement, which is detailed in [2]. UE first estimates channel based on those NZP CSI-RS and then derives interference by subtracting channel estimation from the NZP CSI-RS. Besides, each NZP CSI-RS port for interference measurement always has 3dB power boosting to signal.
One concern is the channel estimation accuracy based on this co-scheduled NZP-CSI-RS. In our view, this issue exists but not crucial. Even with inaccurate channel estimates, our evaluation results show 18.8% and 5.6% improvement in cell average and cell edge gain respectively over legacy interference measurement [2]. 
Observation 4: Significant gain is observed by configuring one NZP CSI-RS for both channel and interference measurement.
However, to perfect interference measurement, our solution can be further improved. For instance, two CSI-RS resources can be configured for a UE. The first one is specific for UE channel estimation, and strong inter-cell interference should be avoided in this resource. The second resource is shared by all UEs for interference estimation. To ensure both inter-cell and intra-cell interference are captured, the CSI-RS on the first resource should be duplicated on the second resource. By this way, signal on the second resource may capture the energy of all scheduled users. On UE side, the accurate channel is estimated on the first resource. Then subtracting channel estimates from the second resource, the remaining energy can accurately reflect the interference that PDSCH will experience.
Figure 2 illustrates the improved interference measurement scheme, where the first NZP CSI-RS resource is UE specific. The second NZP CSI-RS resource is identically configured for UEs in all cells. Thus, both inter-cell and intra-cell interference can be captured with our proposed solution.
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Figure 2 NZP CSI-RS pattern for interference measurement
Thus we propose
Proposal 2: Specify NZP CSI-RS based interference measurement in Rel-14.

Proposal 3: Additional NZP CSI-RS resource can be configured specifically for channel estimation.  
Standardized impact
If NZP CSI-RS based interference measurement can be specified in Rel-14, the following aspects need to be standardized. Firstly, a new type reference signal should be defined for interference measurement which is not ZP CSI-RS. Secondly, the behaviour of UE interference measurement should be redefined, where new UE behavior should be specified for those new defined NZP CSI-RS. Finally, L1 or RRC signalling should be enhanced to inform UE when and where to measure the interference.
Observation 5: The specification impact of interference measurement enhancement is small.
4 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 that the statistic interference in the simulation changes dramatically in time domain in the full buffer scenarios.  If UE does not feedback the CQI timely, 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 more accurate link adaption, 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 4: Fast CQI feedback mechanism should be supported to assist the eNB to obtain the channel information timely. 
5 Evaluation results 
Figure 4 and Figure 5 provide the evaluation results for NZP CSI-RS based interference measurement and fast CQI feedback. Two NZP CSI-RS resources are configured for a UE. One CSI-RS resource is specific for channel estimation while the other one are for interference measurement, whose configuration is identical for all cells. The simulation is performed under UMA channel model and 70% RU. Other simulation conditions are detailed in Appendix. 
From the simulations we can see, with a dedicated NZP CSI-RS for UE channel estimation and a common NZP CIS-RS for interference measurement, the system performance is improved significantly, especially for cell edge UPT. We observe 25.35% cell average and 36.76% cell edge gain respectively over legacy interference measurement. 
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Figure 4 4Tx average UPT performance                                  Figure 5 4Tx 5% UPT performance
Observation 6: Configuring two CSI-RS resources for interference measurement and fast CQI feedback techniques can provide up to 25.35% gain for average UPT and 36.76% gain for 5% UPT over legacy interference measurement. 
6 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 performance evaluation results of pre scheduling and the fast CQI feedback. We have the following observations and proposals:
Observation 1: Measurement mismatch of both inter-cell and intra-cell interference leads to CQI misalignment.

Observation 2: DMRS based interference measurement will bring scheduling limitation. 
Observation 3: Overhead will increase significantly as the number of paired UE increases, if IMR is used for interference measurement enhancement. 
Observation 4: Significant gain is observed by configuring one NZP CSI-RS for both channel and interference measurement.

Observation 5: The specification impact of interference measurement enhancement is small.

Observation 6: Configuring two CSI-RS resources for interference measurement and fast CQI feedback techniques can provide up to 25.35% gain for average UPT and 36.76% gain for 5% UPT over legacy interference measurement. 
Proposal 1: Both inter-cell and intra-cell interference measurement should be enhanced. 

Proposal 2: Specify NZP CSI-RS based interference measurement in Rel-14.

Proposal 3: Additional NZP CSI-RS resource can be configured specifically for channel estimation. 
Proposal 4: Fast CQI feedback mechanism should be supported to assist the eNB to obtain the channel information timely. 
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Appendix
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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l

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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