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Discussion and decision
1
Introduction

At RAN1 #69, an agreement was reached for the definition of CSIs to be reported by a UE:

· The eNB configures the CSI(s) to be reported by the UE

· A R11 UE can be configured to report one or more CSIs per CC

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference Part:

· One Interference Measurement Resource (IMR) which occupies a subset of REs configured as R10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

· Configuration of multiple CSIs

· IMRs associated with different CSIs can be configured independently

· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs

· FFS the maximum number of CSIs configurable for one UE

· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note: this is independent of consideration of sub-band/wideband CQI values.

In order to maximize the gains achievable by CoMP operation, UEs should feedback CQI that most accurately represent the channel conditions of each transmission hypothesis or CSI.  Therefore the interference component of CQI should be as precise as possible.  One method to augment the precision of the interference part of the CSI is by using NZP CSI-RS resources on whose ports the UE assume the transmission of an isotropic signal.  Our previous contribution [1] showed the benefit of emulating interference on all in-CoMP-measurement-set interferers whose interference is not represented in the configured IMR. 
In this contribution we discuss methods to improve the performance of CoMP by enhancing the interference part of CSIs while limiting the number of IMR’s that need to be deployed in a coordination cluster. The results suggest that it would be feasible for the network to configure even a single IMR per coordination cluster if the UE is allowed to perform emulation on one or two NZP CSI-RS resource and can be configured with an offset for each CSI.

2
Discussion
To achieve high gains with CoMP, the network must have the scheduling flexibility to determine the best transmission cases for all its UEs under different sets of assumptions.  The network uses the CSI values provided by the UE for different preconfigured transmission hypotheses to determine the best transmission case.  To accomplish this, the network must have different CSIs for each UE that allows derivation of appropriate transmission parameters for all transmission cases considered by the scheduler.  In our companion paper [2], we discuss the effect on CoMP performance as a function of the number of configured CSIs.
The CSIs are differentiated not just by their channel part, but also by their interference part.  Therefore, even though a UE may only receive data from two possible points, the transmission may be done under several different interference scenarios.  It has been accepted that the interference part of each CSI will be made up of one IMR.  Hence, to achieve the required flexibility at the scheduler, each UE may be configured with different cases, each requiring their own IMR.  However, given that IMRs are configured as ZP CSI-RS, it may be unreasonable for the network to create a different IMR for every possible CSI for every UE within a cell.

For example, in scenario 4, each coordinating area consists of a Macro point and 4 RRHs, giving 5 possible points.  If we assume that a UE may have up to 3 transmission points, then the total number of IMRs required to be deployed in a cluster to accommodate any combination of transmission points is 
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. While in practice, this number would be lower because not all combinations represent realistic CoMP measurement sets, the total number of IMRs to be deployed is still likely to be high. The number would also grow larger for coordination areas including more points that may be expected in future deployments.
One way to limit the total number of IMRs required has been proposed in [3]. It is proposed to lower the number of IMRs by allowing a UE to emulate interference on the NZP CSI-RS of points within the CoMP measurement set.  We have shown results [1] that show that emulating interference on NZP CSI-RS resources is a good way to improve over-all CoMP performance. 
2.1
Measurement Offset

As discussed above, the use of a different IMR for every CoMP measurement set becomes excessive as the number of points in a coordinating cluster increases.  The network could choose to limit the number of IMRs and use an interference measurement offset making the UE scale its interference measurements [4].  One solution that would be attractive is for the network to configure a single IMR for all UEs within a CoMP cluster.  This IMR represents interference of out-of-CoMP cluster points.  Secondly, a network may semi-statically configure a UE-specific offset value to be used to refine the interference measurement.  This value can be set to represent points within the CoMP coordinating cluster but outside of a UEs CoMP measurement set.  Lastly, a UE may add interference emulated on the NZP CSI-RS resources of points within its CoMP measurement set to further refine the total interference part of the CSI.
3
Simulation Results
We present simulation results for different configurations of IMRs, emulation and offsets.  We assume a DPS scheme with dynamic macro blanking for a scenario 4 CoMP deployment with 4 RRHs per Macro cell.  Dynamic blanking of the Macro point implies that all three sectors of the Macro simultaneously blank.  The rest of the assumptions are given in the appendix.
We study three IMR configurations.

1) The first configuration (A) consists of a single IMR for all UEs in the coordinating cluster and for all CSIs.  This IMR, labelled IMR1, includes interference of all points outside of the cluster (including the two other sectors of the Macro point).
2) The second configuration (B) also consists of a single IMR for all UEs in the coordinating cluster and for all CSIs. This IMR, labelled IMR2, represents interference of all points outside of the cluster, not including the two other sectors of the Macro point.

3) The third configuration (C) consists of two IMRs.  Each UE may be configured with both IMRs and each CSI process uses one of the two IMRs.  The two IMRs configured are IMR2 as defined above and IMR3.  IMR3 is a modified version of IMR1 and represents all the interference of points outside of the cluster along with interference from all three sectors of the Macro point.  The purpose of these two IMRs is to better accommodate the two hypotheses of Macro blanking or interfering.  Note that UEs with only the Macro point in their CoMP measurement set are configured solely with IMR2 and may therefore under-estimate the interference since they cannot capture the effect of the other two Macro sectors interfering.
Furthermore, we assume that a UE may emulate interference for different groups of points.  In the results of Table 1, we assume the UE can either a) not emulate interference on any NZP CSI-RS, b) emulate interference on the NZP CSI-RS of all non-transmitting points in their CoMP measurement set and, c) emulate interference on the NZP CSI-RS of all non-transmitting points in the coordinating cluster. The latter case is not possible with a maximum CoMP measurement of 3 and should therefore be considered as a type of ideal emulation case for comparison purposes.
Table 1: Performance of different IMR configuration with different emulation.
	IMR Configuration
	Emulation Group
	Cell Area Avg. SE (bps/Hz)
	5%-ile SE (bps/Hz)

	Single point
	12.226
	0.0901

	A
(IMR1)
	None
	9.418
(-23.0%)
	0.0776
(-13.9%)

	
	Measurement Set
	11.723
(-4.1%)
	0.0945
(4.9%)

	
	Cluster*
	12.317
(0.7%)
	0.1038
(15.2%)

	B
(IMR2)
	None
	9.377
(-23.3%)
	0.0783
(-13.1%)

	
	Measurement Set
	11.686
(-4.4%)
	0.0900
(-0.1%)

	
	Cluster*
	12.680
(3.7%)
	0.1045
(16.0%)

	C
(IMR2+IMR3)
	None
	9.834
(-19.6%)
	0.0744
(-17.4%)

	
	Measurement Set
	12.230
(0.0%)
	0.1046
(16.1%)

	
	Cluster*
	12.470
(2.0%)
	0.1044
(15.9%)

	*Not realizable with a CoMP measurement set of 3. Shown for comparison purposes only.


As expected, allowing a UE to emulate interference on the NZP CSI-RS of all interfering points not captured in the respective IMRs leads to the best results but this scheme is not possible with a CoMP measurement set limited to 3.  Using the IMR configuration C (IMR2+IMR3) shows good gains for cell edge UEs even when only emulating interference on points within the CoMP measurement set.  This is understandable since the pair of IMRs inherently allow the UE to better estimate interference for the case of blanking and non-blanking macro.  There is not really much difference between IMR1 or IMR2.  This is expected since in the case of IMR configuration A, interference for the case of Macro blanking will be over-estimated, while for IMR configuration B, interference for the case of Macro interfering will be under-estimated.
Next we study the effect of using an offset on interference measurements, configured by the network, to improve performance.  Two offsets are studied:

1) The first offset, labelled OFF1, is obtained at the network by estimating interference not represented in the respective IMR or in the UE’s emulation group of points. This estimate could be approximated by the network for instance from the RSRP (or CSI-RSRP) measurements reported by the UE.    For the case of the UE emulating on all points within the cluster, there is no need for an offset – and thus in this case the results of Table 2 match those of Table 1.
2) The second offset, labelled OFF2, is similar to OFF1 with the added benefit of compensating for potential interference under-estimation due to out-of-cluster Macro sector interference.  For example, for IMR2 all Macro sectors are blanking, therefore no interference emulation done by the UE may compensate for the under-estimation of interference for transmission hypotheses where the Macros interfere.    Note that this offset is used in two scenarios: a) in IMR configuration B for any CSI where the other sectors of the Macro should be interfering (i.e. for the case where the in-cluster Macro is transmitting or any other case of non-blanked Macro) and, b) in IMR configuration C for CSIs for the case where the in-cluster Macro is transmitting (the UE uses IMR2 in such a case).
Table 2: Performance of different interference measurement offsets
	IMR Configuration
	Emulation Group
	Offset
	Cell Area Avg. SE (bps/Hz)
	5%-ile SE (bps/Hz)

	Single Point
	12.226
	0.0901

	A
(IMR1)
	None
	OFF1
	11.525
(-5.7%)
	0.989
(9.8%)

	
	Measurement Set
	OFF1
	12.118
(-0.9%)
	0.1011
(12.2%)

	
	Cluster*
	OFF1
	12.317
(0.7%)
	0.1038
(15.2%)

	B
(IMR2)
	None
	OFF1
	12.026
(-1.6%)
	0.1009
(12.0%)

	
	
	OFF2
	12.015
(-1.7%)
	0.1036
(15%)

	
	Measurement Set
	OFF1
	12.421
(1.6%)
	0.1008
(11.9%)

	
	
	OFF2
	12.394
(1.4%)
	0.1037
(15.1%)

	
	Cluster*
	OFF1
	12.680
(3.7%)
	0.1045
(16.0%)

	
	
	OFF2
	12.651
(3.5%)
	0.1053
(16.8%)

	C
(IMR2+IMR3)
	None
	OFF1
	12.014
(-1.7%)
	0.1019
(13.1%)

	
	
	OFF2
	11.978
(-2.0%)
	0.1043
(15.8%)

	
	Measurement Set
	OFF1
	12.314
(0.7%)
	0.1032
(14.5%)

	
	
	OFF2
	12.270
(0.4%)
	0.1051
(16.7%)

	
	Cluster*
	OFF1
	12.470
(2.0%)
	0.1044
(15.9%)

	
	
	OFF2
	12.427
(1.6%)
	0.1079
(19.7%)

	*Not realizable with a CoMP measurement set of 3. Shown for comparison purposes only.


Firstly, when comparing the results of Table 2 to Table 1, we see the gains obtained by using an offset (up to 40% relative gain for the cases with no emulation, and up to 15% relative gain for cases with measurement set emulation).  The results also show that using interference offsets can allow the performance of scenarios where UEs emulate solely on CoMP measurement points to approach the performance of scenarios where UEs could emulate on all coordinating cluster points (“Cluster”).  
Furthermore, the results show that the benefit of using multiple IMRs is reduced when the network uses interference offsets.  That is because the network can provide different offsets for Macro blanking CSIs versus Macro interfering CSIs. This suggests that deploying even a single IMR in a coordination cluster is feasible if the UE is allowed to be configured with interference offsets estimated from reported L3 measurements.

One drawback of relying on interference offsets is that these may become inaccurate in scenarios where the UE moves rapidly and the network cannot keep up to date estimates of the offset (for instance, if it doesn’t have recent L3 measurements, in case these are used). To support such scenarios it may be preferable to deploy two IMR’s (as in configuration C). There is thus a trade-off between the overhead due to the deployment of multiple IMR’s and the potential performance loss of inaccurate offsets.
Based on these results we propose to allow a UE to emulate interference on the NZP CSI-RS of CoMP measurement set points and to further refine the interference by configuring the UE with an interference measurement offset for each CSI.
Proposal: The interference part of a CSI is composed of one IMR, one or two NZP CSI-RS resources on which the UE may emulate interference and one configured offset. 

4
Conclusion
In this contribution we discuss methods to improve the performance of CoMP by enhancing the interference part of CSIs while limiting the number of IMR’s that need to be deployed in a coordination cluster. The results suggest that it would be feasible for the network to configure even a single IMR per coordination cluster if the UE is allowed to perform emulation on one or two NZP CSI-RS resource and can be configured with an offset for each CSI.
Proposal: The interference part of a CSI is composed of one IMR, one or two NZP CSI-RS resources on which the UE may emulate interference and one configured offset. 
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Appendix
Table 3: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Config. 4b

· 4 Pico per Macro cell, 30 UEs in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UEs dropped in Macro cell area

	Simulation case
	ITU UMa/UMi

	Duration
	2 drops/ 2000 TTI

	Macro and Pico Tx power
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x2 Xpol

	Antenna Pattern
	Macro cell: 3D

LPN/Pico: 2D

	Rx power offset (()
	10 dB

	Feedback scheme
	PMI/CQI per cell/Tx point

Feedback periodicity: 5ms

Feedback delay: 6ms

	Link Adaptation
	Ideal

	UE receiver
	MMSE

	Traffic model
	Full buffer model

	Link adaptation
	Realistic

	Handover margin
	0 dB

	DL transmission schemes
	SU-MIMO rank 2


























































































































































































































































































































































































































































































































































































































































































































































































































_1405496868.unknown

