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1 Introduction
Interference measurement is one of the objectives in CoMP WI.  It is also considered as one of the high priority areas for study in DL MIMO SI.   It can be seen that interference measurement enhancement is important to both DL-MIMO and CoMP.  In RAN1#67,  the following conclusions and agreement have been reached: 
· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.
· Interference measurements using CRS REs alone are not satisfactory for Rel-11.
Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 
It was suggested to continue to study further until RAN1#68 which REs to use.  In this contribution, we discuss further about different CSI-RS based interference measurement schemes and provide evaluation results.
2. CSI-RS based interference measurement
It was agreed that interference measurements using CRS REs alone are not satisfactory.  Therefore, it is necessary to explore different alternatives for CSI-RS based interference measurement rather than relying on CRS for interference measurement.  Additional CSI-RS resources are needed for interference measurement. There are two ways to introduce additional CSI-RS resources:
Alt1 – Introduction of additional non-zero power CSI-RS resources for interference measurement

Alt2 – Introduction of additional zero power CSI-RS resources for interference measurement

In the following sections, we discuss these two alternatives in the cases of muting and without muting.
2.2 CSI-RS based interference measurement without muting
In the case of no-muting, Alt1 can increase the density of CSI-RS for both channel and interference measurement. An example is shown in figure 2 by introducing set 2 of CSI-RS resource for each TP.   The port mapping will be the same as original CSI-RS set 1.  Although this repetition in this example is done in the same PRB, it is also possible to explore the case of increasing the density in time domain (e.g. in different subframes).
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Figure 2  Alt1 - CSI-RS patterns of two TPs with 2 sets of non-zero CSI-RS resources

Alt2 can increase the density of CSI-RS for interference measurement only.  Interference measurement can be likely to be more accurate with zero power CSI-RS.  An example is shown in figure 3 by introducing zero power CSI-RS resource for each TP.   
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Figure 3  Alt2 - CSI-RS patterns of two TPs with 1 set of non-zero CSI-RS resource and 1 set of zero power resource for each TP 

In case of without muting, both alternatives can measure interference from TPs with different CSI-RS sets in the scenario 4.
2.3 CSI-RS based interference measurement with muting
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Figure 4  Alt1 - CSI-RS patterns of 2 TPs with 2 sets of non-zero CSI-RS resources and 1 set of zero power CSI-RS for each TP
In case of RE muting, the coordinating points mute their PDSCH corresponding to each other’s CSI-RS as shown in figure 4.  In this case, interference from the coordinating point can’t be measured from the non-zero CSI-RS set 1.  Interference measured from non-zero power CSI-RS set 1 will be only from the points outside the coordinating set.  If additional set of non-zero power CSI-RS is introduced (i.e. CSI-RS set 2 in figure 4), interference from the coordinating set can be measured.   In this case, two CQIs corresponding to two different interference conditions can be computed.  
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Figure 5   Alt2- CSI-RS patterns of two TPs with 1 set of non-zero CSI-RS and 2 sets of zero power CSI-RS for each TP
For Alt2, additional set(s) of zero power CSI-RS is introduced for interference measurement.  As shown in figure 5,  zero power CSI-RS set 2 is the additional zero power CSI-RS to measure interference from coordinating point.  To measure interference from outside the coordinating set, we can use the non-zero power CSI-RS or we can introduce another set of zero power CSI-RS to do so.  Hence CQIs with multiple interference conditions can also be computed in this case.
From the comparison of these two alternatives, we have the following observations:
1. Alt1 can increase the density of CSI-RS for both channel measurement and interference measurement in case of no  RE muting.   Alt2 can be potentially better in terms of measuring interference more accurately from zero power resources but it doesn’t increase the density of CSI-RS for channel measurement.
2. With muting, Alt1 can potentially increase density of CSI-RS for channel measurement.  Both alternatives can possibly provide interference measurement resources with multiple interference conditions.  Alt2 is more flexible to measure multiple interference conditions potentially with less overhead comparing to Alt1.

2.4 Evaluation of interference measurement 

2.4.1 Evaluation of interference measurement for JT
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Figure 6   CSI-RS setup to support JT

Considering the example for a 3-cell CoMP cluster shown in figure 6,  muting is done within the cluster by configuring two sets of zero power CSI-RS (set1 and set3) in each TP.  

Suppose a JT UE’s measurement set is TP1 and TP2 and TP1 is the anchor TP.

To measure interference outside the measurement set, zero-power CSI-RS set 4 should be configured to the UE.   
To measure interference from all TPs, zero-power CSI-RS set 2 should be configured to the UE.   
In our simulations, we evaluate two methods of interference measurements:
· Method 1 :  Only one set of zero-power CSI-RS (e.g. set4) 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 (e.g. set2 & set 4) are configured to each JT UE for interference measurement.  

·   Each JT UE reports two types of CSI.  One set of per-point CSIs (based on set 4) without considering interference in the measurement set.  The UE also reports another set of CSI (based on set 2) 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
	Interference measurement configuration to CoMP UEs
	Average cell spectral efficiency (bps/Hz)
	5% cell edge spectral efficiency (Mbps)

	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 zero-power CSI-RS resource to UE so that the UE can perform interference measurement in different interference conditions.  Hence we have the following proposal:
Proposal 1:  Multiple zero power CSI-RS resources 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.

2.4.2 Evaluation of interference measurement for DPS
2.4.1 Interfering channel estimation for interference measurement 
Alt1 and Alt2 discussed in sections 2.2 and 2.3 both measure interference from PDSCH of interfering points.  Given that traffic is most likely bursty in reality, it is difficult to predict interference in the future accurately.  Interference averaging can be done to alleviate the issue in some extent but accuracy of link adaptation can still be greatly affected if there exists on-off effect from significant interference source(s).   This on-off effect also happens when switching between DPS with blanking and without blanking happens (either due to no traffic or intentional blanking).    To avoid the on-off effect and make future interference estimation independent on the current traffic loading, the UE can estimate interfering channel explicitly from the non-zero power CSI-RS resources of the interfering point which corresponds to the zero-power CSI-RS of the serving point.  Here is the example with two TPs namlyTP1 and TP2.
Let 
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 be the estimated channel from TPi where i=1 or 2 and the precoder corresponding to selected PMI respectively.   
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.  With blanking at interfering point, the SINR of the UE from TPi can be computed as:
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where 
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 is estimated covariance of noise and interference from TPs outside the these two TPs.  Without loss of generality, we consider the SINR associated with TP1:
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If we consider the case without blanking at TP2, the SINR associated with TP1 becomes: 
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Note that v can be the precoder associated with BCI or just a normalized identity matrix.   In this case, 
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 is interfering channel when TP1 is selected as serving point.   
Interference can be derived from two parts:
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 is estimated by the interference measurement from PDSCH of the points outside these two TPs.   This can be measured by using Alt1 or Alt2 discussed in sections 2.2 and 2.3.
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is the interfering channel estimated from the zero-power CSI-RS resources corresponding to the CSI-RS resources of TP2.
UEs associated with TP1 suffering interference from TP2 can feed back both 
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This can be extended to support DPS.  For DPS, total four CSIs for two TPs are estimated i.e. corresponding to 
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 for TP2.

To measure interference for the cases of  blanking or no blanking, another approach is to measure it from PDSCH.  
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Figure 7   CSI-RS setup to support DPS
Figure 7 shows the possible CSI-RS setup for DPS between two TPs. We compare these two approaches of interference measurement in the case of DPS.
· Method 3: Four sets of zero-power CSI-RS (e.g. set2 & set3 for each TP) are configured to each DPS UE for interference measurement.  

 Each DPS UE reports four CSIs based on the SINRs:
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 for TP2.
CSI-RS Set3 is used to measure interference with blanking.

CSI-RS Set2 is used to measure interference without blanking.
· Method 4: Two sets of zero-power CSI-RS (e.g. set3 of each TP) is configured to each DPS UE for interference measurement  

 Each DPS UE reports four CSIs based on the SINRs:
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CSI-RS Set3 is used to measure interference with blanking.

To measure interference without blanking, non-zero power CSI-RS of the interfering TP is used to estimate interfering channel and interference is constructed based on equation (2.3)
Table2  Non-full buffer system-level simulation results for DPS with different interference measurement configurations
	Interference measurement configuration to CoMP UEs
	Mean UE throughput (Mbps)
	5% worst UE throughput (Mbps)

	Method 3 :  Four sets of zero-power CSI-RS
	16.85（0%）
	4.18（0%）

	Method 4: Two sets of zero-power CSI-RS , non-zero power CSI-RS of the interfering TP is used to estimate interfering channel 
	17.63（4.6%）
	  4.54（+8.6%）


Table 2 shows the results of DPS with two different interference measurement configurations to CoMP UEs. Homogeneous network of 2Tx antennas for each TP is considered.  Method 4 provides 4.6% and 8% gains on the average UE throughput and 5% worst UE over method 3.   

Note that this interference measurement method can also be done in non-CoMP case.  In [8], similar evaluation is done in case of non-CoMP case (i.e. serving point is statically selected).   Method 4 provides about 10% gain on cell edge performance in non-CoMP case. 
This can be seen as extension of Rel-10 restricted CSI measurement (considered in HetNet) to homogeneous network.  In homogeneous network, it is unlikely to have ABS configuration. Without ABS, it is impossible for UEs to measure and report multiple CSIs under different interference conditions.   Doing measurement from CSI-RS of interfering cells can achieve this goal.   This approach is also applicable to the cases of HetNet during non-full buffer traffic which creates inaccuracy of CQI with interference when UEs measure from non-ABS subframes in low traffic loaded scenarios.

Proposal 2:  Non-zero power CSI-RS of the strongest interfering TP can be configured to UE to estimate interfering channel in order to derive interference for non-blanking case. 
2.5 Control on interference measurement from network side 
We should further study the benefits of allowing more control from network side on interference measurement e.g.  in the following aspects:

· Use CRS or CSI-RS for interference measurement

· Although it is problematic to use CRS for interference measurement in some cases (e.g. scenario 4), it has certain benefits to use CRS for interference measurement in some other cases because of higher density. In some cases, using combination of CRS and CSI-RS to measure interference may be beneficial.  For example, use CRS to measure interference from other cells and use CSI-RS to measure interference from TPs within the same cell. It should be known only from the network side which scheme suits better to the deployment scenario.  Therefore, eNB should be able to control UEs which reference signal(s) to use for interference measurement. 

· Interference averaging window

· In the current specification, there is no requirement on whether interference averaging should be done in UE when CSI is derived.   It is possible that UE determines CSI based on an unrepresentative single subframe.   This particularly affects CSI with long periodicity, e.g. RI.   In some cases, it is good to have interference averaging but sometimes it can be desirable if eNB can control the UE to measure CSI without averaging (e.g. to measure particular interference condition).   eNB can control the averaging window according to different situations, e.g. network traffic loading, CSI periodicity,  UE speed, etc.  It can be considered that averaging window length of interference measurement is signalled to UE so that the network side can have better control on link adaptation. [7]  
· Proposal 3:  Further study should be done to investigate the benefits of allowing more control from network side on interference measurement e.g. in the aspects of being able to control on which RS should be used for interference measurement and interference averaging window.
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 zero power CSI-RS resources 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:  Non-zero power CSI-RS of the strongest interfering TP can be configured to UE to estimate interfering channel in order to derive interference for non-blanking case. 
Proposal 3:  Further study should be done to investigate the benefits of allowing more control from network side on interference measurement e.g. in the aspects of being able to control on which RS should be used for interference measurement and interference averaging window.
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Appendix A
Table A1 – Simulation assumption for link level simulation
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	UE velocity
	3km

	Number of antenna ports per eNodeB
	4

	Number of CRS ports
	4

	Number of antenna ports per UE
	2

	Antenna polarization
	Enabled

	Number of layers per UE
	Rank 1

	AMC
	Enabled

	Allocated RB 
	25

	TTI
	5000

	SNR(dB)：
	5，10，15，20，25，30，35

	Receiver detection
	MMSE-IRC

	Interference estimation
	Wideband

	CSI-RS Period
	5ms

	Muting Period
	5ms

	Number of PDCCH symbols
	3 

	Channel estimation on CRS
	2DMMSE

	Channel estimation on CSI-RS
	2DMMSE

	Channel estimation on DMRS
	2DMMSE

	Interference User PMI
	Random Selection from Rel-8 4-ant Codebook

	Interference User Power Ratio
	-6dB

	Channel FEC coding
	Rel-8 Turbo coding

	Precoding 
	Rel-8 4Tx Codebook

	PMI granularity
	RB

	CQI/PMI  feedback cycle
	5TTI

	PMI, CQI delay
	5TTI

	PRB Bundling
	1RB


Table A2 – Simulation assumption for system level simulation

	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 or

In case of non-full buffer, FTP model 1 with λ=0.5 and 2Mbytes file size
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