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1
Introduction

At RAN1 #70, agreements were reached for the definition and configuration of CSI-IM (also referred to as IMR):

· For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.
· Further details of how the UE measures the interference on IMR are left to the UE implementation.

· 4 REs/PRB

· Send LS to RAN4 informing them of this decision and asking them to check the achievable accuracy of the interference measurements and let RAN1 know if they foresee any problems.

· IMR configuration:

· Each IMR is configured independently with a R10 subframeConfig and R10 resourceConfig, where resourceConfig is for 4 REs

· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration.

CSI-IM should allow UEs to measure the over-all interference, composed of some realization of intra-cluster interference as well as inter-cluster interference.  In order to properly estimate inter-cluster interference, there should be minimal overlapping of CSI-IM resources between clusters in the same geographical area.  To ensure minimal overlapping of CSI-IM resources between clusters could require significant planning efforts.  It is with this notion in mind that partial overlapping and hopping of CSI-IM resources was proposed [1].  The WF in [1] prompted an e-mail discussion where several questions were raised regarding partial overlapping and hopping of CSI-IM.
In this contribution we provide simulation results to evaluate the need for overlapping and hopping of CSI-IM resources.
2
Discussion on configuration of CSI-IM
To allow for flexible and dynamic CoMP operation, each R11 UE can be configured with multiple CSI Processes, each of which includes a channel part (NZP CSI-RS) and an interference part (CSI-IM).
In CoMP we can have a high number of possible transmission scenarios from which a scheduler may select a preferred scenario.  These include transmission from a single or multiple points, blanking of a single or multiple points and any combination of the two.  Therefore, for proper scheduling, the UE may be required to feedback CSI for different interference hypotheses.  Each interference hypothesis requires a different CSI-IM.  The CSI-IM should encapsulate the desired intra-cluster interference scenario as well as the inter-cluster interference.  In heterogeneous networks with dense RRH deployment, the total number of possible interference scenarios can be very high.
Ideally, deployment of CSI-IM would be such that perfect orthogonality is achieved between all CSI-IMs of the entire network.  However, this is generally not possible due to the limited number of available resources per subframe that can be used for CSI-IM. Good performance can still be achieved by ensuring that colliding CSI-IMs are sufficiently separated in the network, but the required cell planning effort can be very complex.  For example, when a new CoMP cluster is created, the new CSI-IM should be designed as a function of the entire network’s CSI-IM configurations.
Overlapping of CSI-IM

Two CSI-IMs are said to partially overlap if a subset of resource elements (in the same subframe) is common between them. When a transmission point uses (i.e. mutes on) a CSI-IM overlapping with a CSI-IM configured to the UE, its interference contribution is not fully captured which results in some under-estimation of the total interference. Full overlap occurs when a transmission point uses the same CSI-IM resource. If this transmission point is in a nearby cluster there is a possibility of significant under-estimation of interference and therefore such situation should be avoided as much as possible.   

Within the set of CSI-IM resources assigned to the UE one can assume that there is no overlapping. Given that different UEs within a CoMP cluster may share some and not all CSI-IM resources, this requirement can be extended to there being no overlapping of CSI-IM resources assigned within a CoMP cluster (i.e. full orthogonality).  Overlapping of CSI-IM may hence only occur between CSI-IM of different clusters.
The set of possible CSI-IM agreed so far (in RAN1#70) correspond to R10 zero-power CSI-RS resources which are all orthogonal (i.e. no overlap) for a given periodicity of the CSI-RS subframe configuration. For a given CSI-RS subframe configuration there are thus 10 available CSI-IMs. One possible deployment strategy could consist of using the same CSI-RS subframe configuration for all CSI-IMs deployed in a cluster, resulting in a maximum number of 10 CSI-IM resources per cluster.

To alleviate planning efforts it was proposed in [1] to define a larger set of CSI-IM resources which are not mutually orthogonal (i.e. with partial overlap). In this proposal each CSI-IM uses exactly two REs from two ZP CSI-RS configurations, resulting in a set of 1620 CSI-IMs per CSI-RS subframe configuration. The definition of such a large set reduces the probability that two transmission points in nearby clusters use the same CSI-IM to a negligible level even when no inter-cluster planning effort is undertaken, at the expense of slight interference under-estimation when partial overlap occurs.
To avoid systematic collisions it is also possible to vary the set of RE’s of a CSI-IM between subframes and/or resource blocks. Such solution can also avoid large and systematic interference errors even if the set of RE’s used in given resource block is constrained to correspond to a R10 zero-power CSI-RS resource. It can also be used in combination with partial overlap although the additional gain may be smaller.
3
Simulation Results
We present simulation results for different CSI-IM overlapping and hopping scenarios.  We assume a DPS scheme with dynamic macro blanking for a CoMP scenario 4 deployment with 4 RRHs per Macro cell (where the macro and RRH points are respectively denoted as M and R1, R2, R3, R4).  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.
In such a scenario, there are 9 CSI-IMs deployed per cluster.  There are five possible single-point transmission hypotheses, each requiring a CSI-IM for the following interfering points: M+R1+R2+R3+inter-cluster, M+R1+R2+R4+inter-cluster, M+R1+R3+R4+inter-cluster, M+R2+R3+R4+inter-cluster, R1+R2+R3+R4+inter-cluster.  Furthermore, there are four possible single-point with Macro blanking hypotheses, each requiring a CSI-IM for the following interfering points: R1+R2+R3+inter-cluster, R1+R2+R4+inter-cluster, R1+R3+R4+inter-cluster, R2+R3+R4+inter-cluster.
We provide results for the following CSI-IM deployment cases:

1) Ideal: In this case it is assumed that no overlap occurs between any CSI-IM deployed in the whole network, regardless of the periodicity. This is therefore not a possible situation in practice, but is modelled for the purpose of evaluating the degradation due to partial or full overlap between CSI-IM resources in practice, as well as the effect of increasing the periodicity of CSI-IM resources.

2) Large set with partial overlap: In this case the CSI-IMs are partially overlapped using the design rules of [1].  Furthermore we also study the effect of CSI-IM hopping in both time and frequency to reduce the overlapping relationships between CSI-IM configurations.
3) Orthogonal set: In this case the CSI-IMs are determined independently per cluster by using R10 4-RE ZP CSI-RS configurations as in the current agreement. In some instances there may be collisions (with full overlap) between identical CSI-IM used in different clusters.  We also study the effect of CSI-IM hopping in both time and frequency, wherein CSI-IM within a resource block is defined as a R10 ZP CSI-RS but the resource configuration index is hopped between subframes and/or resource blocks within a subframe.
For cases (2) and (3), a probabilistic model is used to determine what CSI-IM of a cluster overlaps with CSI-IM of other clusters.  This means that for case of partial overlap (2) we assume 10 orthogonal CSI-IM are configured within a cluster and then probabilistically determine the number of colliding REs of another CSI-IM given that it uses one of the 1610 remaining CSI-IM configurations. For case (3), we again assume 10 orthogonal CSI-IM are configured per cluster and then probabilistically determine the colliding CSI-IM of another cluster given that 1/10 will fully overlap.
Table 1: Performance of different CSI-IM configurations.
	Overlap Type
	CSI-IM Period (TTI)
	CSI-IM Hopping Type
	Cell Area Avg. SE (bps/Hz)
	5%-ile SE (bps/Hz)

	Single point
	12.226
	0.0901

	Ideal
(Case 1)
	5
	None
	12.340

(0.9%)
	0.1030

(14.3%)

	
	20
	None
	12.067

(-1.3%)
	0.0981

(8.8%)

	
	40
	None
	11.933

(-2.4%)
	0.0971
(7.8%)

	Large set with partial overlap (Case 2)
	5
	None
	12.268

(0.4%)
	0.1035

(14.8%)

	
	5
	Time
	12.271

(0.4%)
	0.1037

(15.1%)

	
	5
	Frequency
	12.259

(0.3%)
	0.1039

(15.4%)

	
	5
	Time + Frequency
	12.268

(0.4%)
	0.1047

(16.2%)

	Orthogonal set (Case 3)
	5
	None
	12.129

(-0.8%)
	0.1018
(13.0%)

	
	5
	Time
	12.241
(0.1%)
	0.1040
(15.4%)

	
	5
	Frequency
	12.142
(-0.7%)
	0.1024
(13.6%)

	
	5
	Time+Frequency
	12.265
(0.3%)
	0.1045
(16.0%)


Table 1 shows the cell average throughput and 5%-ile throughput for different CSI-IM configuration cases. The results for case 1 (Ideal) show that the performance is quite sensitive to the periodicity of CSI-IM. For example, increasing the CSI-IM periodicity 8x to 40 TTIs reduces the 5%-ile gain to 7.8% over single-point operation.
The results of Case 3 with no hopping (“None”) show that the performance that could be obtained if CSI-IM resource definition is restricted to what is currently agreed (i.e., a CSI-IM corresponds to a R10 ZP CSI-RS) and no inter-cluster planning at all is undertaken. In this case, an interferer will never be accounted for within an RB no matter how many subframes are used to measure the interference. Even under these relatively pessimistic assumptions, however, the amount of degradation over the “Ideal” case is not found to be extremely significant (degradation of about 1% at cell edge and 2% for cell average).
The results for other cases (Case 2 without or with hopping, Case 3 with hopping) show that this small performance loss can essentially be fully recovered by either defining a larger set of CSI-IM resources that partially overlap or by using time-based hopping of the R10 ZP CSI-RS resource configuration index. Slightly better performance is obtained by combining both techniques, but the incremental gain probably does not justify the added complexity of supporting both. One observes some increase of cell edge performance at the expense of cell average performance when using any of these mitigation techniques, compared to the ideal case. This could be due to the fact that the interference underestimation due to overlapping is slightly higher for cell edge UE’s, thus biasing the scheduling decisions in their favor.

Overall, the above simulation results obtained for CoMP scenario 4 do not demonstrate a critical need for supporting an enhanced definition of a set of CSI-IM resources involving partial overlap, or time-based hopping. In case the need for improvement over the existing definition is deemed warranted (e.g. in case more degradation would be found under other CoMP scenarios), it would be sufficient to support at most one of the following solutions:

· Larger set of partially overlapping CSI-IM with no hopping (as proposed in [1])
· CSI-IM defined as a R10 ZP CSI-RS within a resource block, with hopping of the resource configuration index between subframes
Observation: In CoMP scenario 4 using only currently agreed definition of CSI-IM and no system planning, only a small performance degradation is observed.

Proposal: Consider supporting at most one of the following CSI-IM definition schemes for R11: 
(a) Larger set of partially overlapping CSI-IM with no hopping, or
(b) Time-based hopping of R10 ZP CSI-RS resource configuration index.
4
Conclusion
This contribution provided evaluation results for the definition of CSI-IM in R11 in CoMP scenario 4. Based on the results the following is recommended:
Observation: In CoMP scenario 4 using only currently agreed definition of CSI-IM and no system planning, only a small performance degradation is observed.

Proposal: Consider supporting at most one of the following CSI-IM definition schemes for R11: 
(a) Larger set of partially overlapping CSI-IM with no hopping, or
(b) Time-based hopping of R10 ZP CSI-RS resource configuration index.
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Appendix
Table 2: 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

	UE receiver
	MMSE

	Traffic model
	Full buffer model

	Link adaptation
	Realistic

	Handover margin
	0 dB

	DL transmission schemes
	SU-MIMO rank 2


























































































































































































































































































































































































































































































































































































































































































































































































































