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1 Introduction
In RAN1#68bis, interference measurement was discussed and some agreements have been reached:

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources
There are several FFSs:

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB
This contribution addresses these open issues of interference measurement.
2  Views on open issues

2.1 Number of IMRs configured for Rel-11 UEs.
In our simulations, we evaluate two methods of interference measurements using different number of IMRs.
· Method 1 :  Only one set of zero-power CSI-RS is configured to each JT UE for interference measurement. 

·  Each JT UE reports per-point CSI without considering interference in the measurement set.  It relies on network side to derive CQI if it falls back to single TP transmission.

· Method 2 :Two sets of zero-power CSI-RS  are configured to each JT UE for interference measurement.  

·   Each JT UE reports two types of CSI.  One set of per-point CSIs  without considering interference in the measurement set.  The UE also reports another set of CSI with interference from all TPs which represents single TP transmission.  Hence the network side doesn’t need to derive CQI itself if it falls back to single TP transmission.
Table1 Full buffer system-level simulation results for JT with different interference measurement configurations under Homogeneous network
	Interference measurement configuration to CoMP UEs
	Average cell spectral efficiency (bps/Hz)
	5% cell edge spectral efficiency (bps/Hz)

	Method 1 :  One set of zero-power CSI-RS
	2.39（0%）
	0.0550（0%）

	Method 2: Two sets of zero-power CSI-RS 
	2.39（0%）
	  0.0594（+8%）


Table 1 shows the results of JT with two different interference measurement configurations to CoMP UEs. Homogeneous network of 2Tx antennas for each TP is considered.  Method 2 provides 8% cell edge performance gain over method 1.   This shows it has certain advantage of configuring more than one set of IMR to UE so that the UE can perform interference measurement in different interference conditions.  
There are concerns on UE complexity and overhead to support multiple IMRs:

· UE complexity

· The current eICIC already supports measuring CSI from two sets of subframes with different interference  condition.  The UE complexity for supporting multiple IMRs here should be similar to that of eICIC.  So at least two IMRs should be supported.

· IMR overhead

· If overhead is a concern, we can limit the number of IMRs to two to each UE.  Also, we can configure multiple IMRs only if it is necessary.  There are different ways to reduce the CSI-RS overhead which is up to network implementation.   The criteria of setting up multiple IMRs can be, for example,  

-  there is reasonable amount of CoMP UEs sharing the same IMR

-  the target CoMP UE is active for continuous traffic

 - setup multiple IMRs only when we trigger aperiodic feedback
Based on the analysis on the performance and the concerns, we have the following proposal:
Proposal 1:  Multiple IMRs can be configured to a UE.  The UE can report multiple CSIs with different interference conditions by performing interference measurement on the configured zero-power CSI-RS resources.

2.2 Use of non-zero power CSI-RS for IMR
In [9], we evaluated the following three schemes and conclude from the results from the table 2 that non-zero power CSI-RS should be considered to reduce the CSI-RS overhead. 
NZP Scheme：Use non-zero power CSI-RS for interference measurement
ZP Scheme：Use zero power CSI-RS for interference measurement

Hybrid Scheme：Use non-zero power CSI-RS to measure the interference for JT case (i.e. without interference from coordinating point) for pico RRH CoMP UEs.  Otherwise, use zero power CSI-RS for interference measurement. 
Table2 Full buffer system-level simulation results for JT with different schemes under heterogeneous network
	Interference measurement schemes
	Average cell spectral efficiency (bps/Hz)
	5% cell edge spectral efficiency (bps/Hz)

	NZP Scheme
	11.76（0%）
	0.0496 (0%）

	ZP Scheme 
	11.97（+1.8%）
	  0.0549（+10%）

	Hybrid Scheme
	12.32 (+4.7%)
	0.0581  (+17%)


There is some concern on the measurement accuracy as we also raised in [9].   To reduce the impact, the network should avoid configuring UEs with low SINR to use non-zero power CSI-RS for interference measurement.    In the perspective of UE complexity, it may not be a much concern as legacy way of interference measurement also uses non-zero power RS.

Proposal 2:  Interference measurement using non-zero power CSI-RS can be considered if UE complexity increase is not an issue.
2.3 Granularity of IMR
Finer IMR granularity can reduce system IMR overhead but it reduces the accuracy of interference measurement.  Also, it will increase the standardization impact and downlink control signalling.  If it can be proven that reuse factor is not enough, it is reasonable to consider finer granularity of 2 port zero-power CSI-RS resources.
3 Conclusion

In this contribution, we discuss different approaches of CSI-RS based interference measurements.  Evaluation is done to compare different methods in the scenarios of JT and DPS.   Based on the analysis and observation from the evaluation results, we have the following proposals:
Proposal 1:  Multiple IMRs can be configured to a UE.  The UE can report multiple CSIs with different interference conditions by performing interference measurement on the configured zero-power CSI-RS resources.

Proposal 2:  Interference measurement using non-zero power CSI-RS can be considered if UE complexity increase is not an issue.
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Table A1 – Simulation assumption for system level simulation under homogenous network

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D

	Antenna configuration
	MIMO 2x2

Transmitter: 2Tx cross-polarized antenna at eNB Receiver: 2Rx cross-polarized at UE

	CQI/PMI reporting interval 
	5ms for CQI/PMI 

	Link adaptation 
	SU-CQI/PMI feedback with adjustment based on ACK/NACK

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-Option 1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal

	Traffic model
	Full buffer


Table A2 – Simulation assumption for system level simulation under macro-pico heterogeneous network
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	Config 4b  30 UE

	Channel Model
	ITU UMa for Macro, UMi for low power node 

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	30 dBm for LPN
Non-reduced power ABS：46 dBm for macro
Reduced power ABS：46 dBm – X dB for macro
X= 3/6/9/12/16 dB

	UE Speed
	3 km/h

	CRE association bias
	9 dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at LPN RRH
Receiver: 2Rx cross-polarized antenna at UE
ITU: 12 degrees for Macro, 0 degrees for Pico

	CQI/PMI reporting interval and frequency granularity
	5 ms for CQI/PMI, 6 RB

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook
Aggregated feedback based on 4Tx codebook for JT 

	Delay for scheduling and AMC
	6 ms

	Scheduler
	Proportional Fair

	Traffic Model
	Full Buffer

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling is used
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