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Discussion and decision
1
Introduction

In order to achieve the expected high gains of CoMP, the feedback provided by UEs must be optimized.  One such feedback enhancement is to use the concept of multiple transmission hypotheses [1].  This allows the scheduler some flexibility to dynamically select the best transmission method at each scheduling instance.  However, to ensure that the scheduler makes the best decisions, there must be a high degree of precision in the CSI fed back for all hypotheses.  One of the main factors of proper CQI determination is the correct estimation of interference.
Many different types of Interference Measurement Resources (IMRs) have been discussed and the following was agreed at RAN1#68b:

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

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

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· 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.

In this contribution we provide our views on IMR configuration by providing system level simulation results.

2
Discussion
We have shown the benefit of using Dynamic Blanking of the Macro point in a CoMP scenario 4 deployment in [2].  To achieve such high gains, UEs are expected to feed back CQI for different transmission hypotheses, such as with or without Macro Blanking.  In those results it is assumed that CoMP UEs will be capable of obtaining the different CQI values, each with different interpretation of interference.  In real deployment, the ability of UEs to obtain CQI for different interference hypotheses depends on the resources on which a UE may estimate interference.
To determine the best resources to use for IMR, we must first also discuss possible methods a UE may use to estimate interference.
1) A UE may use the NZP CSI-RS resources of the assumed transmission point.  In such a case, it is assumed that the relevant interfering points may transmit PDSCH on such resources.  The UE may then use the variance in the signal power measurement as interference estimation.
2) A UE may use ZP CSI-RS resources tied to the assumed transmission point.  Again it is assumed that the relevant interfering points may transmit PDSCH on such resources.  The UE may then estimate the signal on these resources and use that as interference value.

3) A UE may use NZP CSI-RS resources tied to the assumed interfering points.  In this case, the assumed transmitting point should be muted on these resources.  The UE may then measure the interfering points’ CSI-RS and use that as interfering signal.

To estimate the interference for a specific transmission hypothesis, it may also be envisioned that the UE uses a combination of the above methods from multiple CSI-RS resources.

A drawback of method 1 is that it might be desirable that all points in a CoMP set (or even CoMP coordination area) use muting of RE resources used by other CoMP points for their NZP CSI-RS, in order to improve signal estimation.  This means that estimation caused by points within a coordination area (likely the biggest interferers) will be excluded from the interference estimation.

A drawback of methods 1 and 2 is that it is assumed that for each interference hypothesis there will be different resources.  This can become excessive especially when we consider that every possible CoMP set will also require different IMRs.

A drawback of method 3 is that a UE may have to be configured with multiple NZP CSI-RS resources for all possible interferers.  This can become especially critical for coordination sets that include a large number of points.
3
IMR Configurations
To further show the differences between the IM methods, we present possible configurations.  We group methods 1 and 2 together since both boil down to estimating interference from the PDSCH of interfering points.  However, given that method 2 does not suffer from the cluster-point muting strategy described above, we will not continue discussing method 1.  We discuss a scenario 4, DPS CoMP scheme with dynamic blanking of the Macro point, where each UE may be dynamically switched between at most two transmission points.  In such a scheme we define the following types of UEs:
· Pico UE (single Pico node in CoMP Measurement Set)

· Macro UE (only the Macro node in the CoMP Measurement Set)

· Type 1 CoMP UE (one Pico node and the Macro node in CoMP Measurement Set)

· Type 2 CoMP UE (two Pico nodes in CoMP Measurement Set).

To accommodate such a scheme, the UEs need to feedback CQI for different hypotheses (i.e. Macro blanking or not).  Table 1 shows an example of possible configurations for each type of UE.

Table 1: Possible configuration of CQI transmission hypotheses
	UE Type
	Set of transmission hypotheses 

	Macro UE
	- Macro transmitting.  All out-of-CoMP-set points interfering.

	Type 1 CoMP UE
	- Macro transmitting.  Pico and all out-of-CoMP-set points interfering.
- Pico transmitting.  Macro and all out-of-CoMP-set points interfering.
- Pico transmitting.  Macro blanking.  All out-of-CoMP-set points interfering.

	Type 2 CoMP UE
	- First Pico transmitting.  Second Pico and all out-of-CoMP-set points interfering.
- First Pico transmitting.  Macro blanking.  Second Pico and all out-of-CoMP-set points interfering.
- Second Pico transmitting.  First Pico and all out-of-CoMP-set points interfering.
- Second Pico transmitting.  Macro blanking.  First Pico and all out-of-CoMP-set points interfering.

	Pico UE
	- Pico transmitting.  All out-of-CoMP-set points interfering.
- Pico transmitting.  Macro blanking.  All out-of-CoMP-set points interfering.


Method 2
We provide an example of using method 2 type interference estimation to obtain the feedback discussed in Table 1.  On top of configuring a NZP CSI-RS for every point, the network also configures ZP CSI-RS (or muted RE) for every point.  The ZP CSI-RS resources should not be overlapping at least within a cluster of points that may coordinate.  In order to be able to obtain CQI for the Macro Blanking hypothesis, each point should also provide a second ZP CSI-RS where both the assumed transmission point and the Macro use muting.  In Dynamic Blanking there are no assurances that a Macro point will be transmitting in any of the ZP CSI-RS where the UE assumes Macro transmission.  Therefore the actual interference used for such a CQI feedback will be a less optimal combination of Macro blanking and not blanking.

Method 3
This method was elaborated in [3].  To properly estimate the interference, the UE must be configured with at least two IMRs.  A first IMR is a ZP CSI-RS that allows the UE to estimate the out-of-CoMP-set interference.  The second IMR is the NZP CSI-RS of the other CoMP Measurement Set point(s).  A UE may therefore perform estimation for multiple feedback hypotheses, such as one CoMP Measurement Set point transmitting while the other is interfering, or one point transmitting while the other is blanking.  In order for all UEs to be able to provide CQI for all hypotheses including Macro Blanking hypotheses, the NZP CSI-RS of the Macro point should be provided to all UEs.
4
Example with Heterogeneous Deployment
To properly select the best interference estimation method, we must first discuss the potential increase in UE complexity (or increase in overhead) when compared to performance gains.  In this section we provide results for the DPS with dynamic blanking of the Macro point scenario discussed above.  We present different results that stem from different interference estimation techniques.
Method 2-A
This scheme uses ZP CSI-RS to estimate interference.  We may refer to this scheme as an ideal method 2 scheme since we assume that every UE is able to measure two values of interference (one each for Macro blanking and non-blanking).  In other words, for each assumed transmission point the UE has access to an IMR where the Macro is always interfering and another where the Macro is always blanked.  The former is not achievable in practice with dynamic blanking since there is no way for the UE to know a priori in what subframes the Macro is transmitting. 
Method 2-B
This scheme uses ZP CSI-RS to estimate interference.  In this case the UE is only configured to measure one type of interference, by being given a single IMR.  For this scheme, dynamic Macro blanking is not achievable since the network is unable to test out different hypotheses when scheduling.

Method 2-C
This scheme uses ZP CSI-RS to estimate interference.  In this case the UE is provided with two IMR for each assumed transmission point.  In one IMR the Macro is always muted, thus allowing the UE to determine interference for Macro blanking case.  In the other IMR, the Macro may be transmitting or blanking.  Since blanking is done dynamically, there is no way for the UE to know for sure what state the Macro was in during that IMR.  Therefore the interference value calculated for Macro transmitting may under-estimate the actual interference.  This requires the OLLA to overcome errors in CQI fed back by the UE.

Method 3-A
This scheme uses a combination of NZP CSI-RS of CoMP-Set interfering points as well as a ZP CSI-RS used to determine out-of-CoMP-Set interference.  On this configured ZP CSI-RS all points in the CoMP Measurement Set mute.  The UE is configured with CSI-RS of each transmission point in its CoMP Measurement Set.  Furthermore, the UE is also configured with an IMR where all points outside of the CoMP Measurement Set may be interfering.  Interference is obtained by summing the contribution of the interference estimated by the IMR to the interference estimated from the NZP CSI-RS of relevant points for each hypothesis.  This method may not be practically achievable since it would require a different IMR for every possible CoMP Measurement Set (i.e. every combination of points).  Note also that Type 2 CoMP UEs (with 2 Picos in their CoMP Measurement Set) as well as Pico UEs are unable to provide feedback for the case of Macro blanking, due to having a single IMR resource that cannot distinguish between Macro blanking and not blanking.

Method 3-B
This scheme is similar to Method 3-A.  The only difference is that all UEs are configured with NZP CSI-RS of all points in their CoMP Measurement Set as well as the NZP CSI-RS of the Macro point.  The Macro NZP CSI-RS is necessary to improve interference estimation for both blanking and not blanking hypotheses.  Interference is obtained by summing the contribution of the interference estimated by the IMR to the interference estimated from the NZP CSI-RS of relevant points for each hypothesis (such as the other CoMP Measurement Set point and the Macro point for non-blanking hypothesis).  This method may not be practically achievable since it would require a different IMR for every possible CoMP Measurement Set.
Method 3-C
This scheme is similar to Method 3-B.  The difference is that the IMR configured for each UE is the same for all UEs in a CoMP cluster.  In this case, the IMR is used to estimate out-of-CoMP cluster interference.  UEs are also configured with NZP CSI-RS of points in their CoMP Measurement Set as well as the Macro NZP CSI-RS.  The interference is obtained by summing the contribution of the interference estimated by the IMR to the interference estimated from the NZP CSI-RS of other points in the CoMP Measurement Set as well as the Macro point (depending on the CQI hypothesis).  This case is more realistic than 3-A or 3-B given that there is not a need for multiple IMR for each CoMP Measurement Set.  However, in this case interference is under-estimated since other CoMP cluster points are essentially assumed blanking given that there is no way to estimate their contribution to the total interference.
Method 3-D
This scheme is similar to Method 3-C.  The difference is that UEs are configured with NZP CSI-RS of all the points in their CoMP Measurement Set as well as all other points in the CoMP cluster.  Interference is obtained by summing the contribution of the interference estimated by the IMR to the interference estimated from the NZP CSI-RS of all points in the CoMP cluster that may be interfering depending on the hypothesis.
Table 2: System-level simulation results
	Transmission scheme
	Cell Area avg. SE (bps/Hz)
	5%-ile Cell Edge SE (bps/Hz)

	Single Tx point
	12.226
	0.0901

	Method 2-A
	11.870
(-2.9%)
	0.1052
(16.8%)

	Method 2-B
	11.824 
(-3.3%)
	0.1016
(12.8%)

	Method 2-C
	11.797
(-3.5%)
	0.1017
(12.9%)

	Method 3-A
	12.120
(-0.9%)
	0.1006
(11.7%)

	Method 3-B
	12.166
(-0.5%)
	0.1025
(13.8%)

	Method 3-C
	11.623
(-4.9%)
	0.0964
(7.0%)

	Method 3-D
	12.225
(-0.0%)
	0.1068
(18.5%)


Table 2 shows the system level performance of the different methods.  For method 2 schemes, as expected the ideal scenario of Method 2-A provides the best results.  That is because it is the only method 2 scheme capable of properly estimating interference for the case of Macro interfering.  Otherwise most method 3 schemes outperform method 2 schemes for both cell area average SE and 5%-ile Cell Edge SE.  Methods 3-A and 3-B both provide good cell average results, however their cell edge results are comparable to the method 2 schemes.  Furthermore, as discussed above, these two schemes require a different IMR for every possible CoMP Measurement Set.  This can be especially ineffective in clusters with many points.  Method 3-C does not suffer from this; however, the performance degradation of under-estimating the interference is significant.  Method 3-D requires some more UE measurements; however, the interference estimation for every hypothesis is optimized such that the over-all system level performance is greatest.
From the above we conclude that to achieve good performance the interference estimation for a given transmission hypothesis should be performed by summing the contributions of multiple IMR’s, where an IMR may consist of:
· The NZP CSI-RS resource transmitted from an interfering point (according to the transmission hypothesis)
· A ZP CSI-RS resource from which PDSCH interference of other points can be measured

The above implies the following:

Proposal 1: Multiple IMRs can be configured for a R11 UE.

Proposal 2: The interference estimate for a given transmission hypothesis may include the contributions from multiple IMRs

Proposal 3: An IMR may consist of:

· A NZP CSI-RS resource transmitted from an interfering point (according to the transmission hypothesis);

· The number of RE’s of the NZP CSI-RS may be less than 4
· A ZP CSI-RS resource from which PDSCH interference of other points can be estimated.

In addition, it was found that to achieve best results it could be necessary to measure the interference of a NZP CSI-RS outside the CoMP Measurement set of the UE. This leads to the following Proposal:

Proposal 4: A NZP CSI-RS resource transmitted from an interfering point may be inside or outside the CoMP Measurement set of the UE.

5
Conclusion
In this contribution we provide our views on practical interference estimation.  We discuss different ways to estimate interference such that a UE may have good CQI feedback for different transmission hypothesis.  This allows the expected CoMP gains to be achievable in real deployments.  We provide the following proposals:
Proposal 1: Multiple IMRs can be configured for a R11 UE.

Proposal 2: The interference estimate for a given transmission hypothesis may include the contributions from multiple IMRs

Proposal 3: An IMR may consist of:

· A NZP CSI-RS resource transmitted from an interfering point (according to the transmission hypothesis);

· The number of RE’s of the NZP CSI-RS may be less than 4
· A ZP CSI-RS resource from which PDSCH interference of other points can be estimated.

Proposal 4: A NZP CSI-RS resource transmitted from an interfering point may be inside or outside the CoMP Measurement set of the UE.
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Appendix A

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

	UE receiver
	MMSE

	Traffic model
	Full buffer model

	Link adaptation
	Realistic

	Handover margin
	0 dB

	DL transmission schemes
	SU-MIMO rank 2


