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Discussion and decision
1
Introduction

In order to maximize the achievable throughput gains with DL CoMP, the CSI feedback reported from the UEs should be enhanced.  In previous meetings it was decided that a UE could be configured to report CSI feedback at least per-CSI-RS resource.

In this contribution we discuss the definition of CSI in the context of CoMP, and more specifically how the concept of transmission hypothesis inherent to the implicit CSI feedback framework should be interpreted in the context of CoMP.  We also propose a flexible framework allowing the definition of set of transmission hypotheses that can be used as a basis for CQI reporting.  The benefit of this is illustrated from the simulation results obtained in heterogeneous scenario. 
2
Discussion
The implicit CSI feedback framework in place since R5 is based on the concept of transmission hypothesis. What the UE reports (CQI, PMI, RI) is interpreted as a set of transmission parameters (MCS, pre-coding, number of layers) that is expected to result in a certain error probability after receiver processing. The network of course does not have to use the transmission parameters reported by the UE. The CSI feedback can be considered adequate if the network can predict with sufficient accuracy the performance that would be obtained from any reasonably selected set of transmission parameters.

In the context of CoMP a possible transmission hypothesis may be defined, on top of the traditional parameters (MCS, precoder, rank), by the type transmission from each point that is part of the cooperating set for a UE (e.g. desired signal, interference, blanking). The set of relevant transmission hypothesis depends on the specific flavour of CoMP that is used by the scheduler. There are currently multiple flavours of CoMP being discussed.  It is the general belief that support by specifications should not be limited to any one flavour.  Furthermore in order to simplify specification work, it is accepted that the specific flavour of CoMP used at any given moment should be supported in a manner transparent to the UE.

In designing CSI feedback for CoMP, therefore, an important consideration is whether the feedback allows the network to predict with sufficient accuracy the performance under various candidate transmission hypotheses in terms of what each point of the CoMP set may be transmitting.
In its simplest form, a UE may feedback CQI for every point within its CoMP measurement set in a manner similar to Rel-10 operation.  In such a scenario, the UE may estimate interference based on e.g. non-zero-power CSI-RS or CRS of the point such that all transmissions from any other point (including points that are part of the CoMP measurement set) are included in the interference.  In this method, the network would then have to use the values fed back for single-point CQI and somehow construct the appropriate value for the CoMP scheme used.  Given that CQI values are quantized and may contain estimation error, it is unclear how such errors in each CQI value can affect the final reconstructed CQI value at the eNB.  At its worst, errors may be cumulative and poor CQI can lead to negating some of the expected CoMP gain.  Another problem is that the measured interference is then dominated by any transmission from other points of the CoMP set, making the estimation of a hypothetical transmission with muting (or joint transmission) from these points highly inaccurate.

Observation: Per-point CQI based on interference measurement performed as in R10 is not adequate for the purpose of allowing the network to predict performance for different candidate transmission hypotheses possible in CoMP.

To overcome this problem, the UE should be capable of reporting CQI under a determined transmission hypothesis for the points in the CoMP set. In principle, one could define a large number of candidate transmission hypotheses by considering all combinations of possible transmissions from each point of the CoMP set, e.g. whether each point may be transmitting a desired signal, interfering, or muting. In practice, the number of potential transmission hypotheses that need to be considered may be limited to a few. For instance, with two points in the CoMP set, one could support a DPS with blanking scheme by utilizing 4 transmission hypothesis (i.e. one blanking and one non-blanking hypothesis for each reported serving point).

Proposal 1: Support reporting of CQI under determined CoMP transmission hypothesis.
The objective of supporting CQI reporting under determined CoMP transmission hypothesis can be realized in a practical way if the UE can be provided the following information for each hypothesis:

· A set of non-zero-power CSI-RS resources from points transmitting to the UE

· A set of resources to be used for the purpose of interference measurements

With this approach, it is the network’s task to ensure that interfering points under the given hypothesis are actually included in the interference estimate, and that the muting points are not included, when the UE estimates interference using the provided set of interference measurement resources. Our views on the type of interference measurement resource to use (zero-power CSI-RS, non-zero-power CSI, CRS) is addressed in [2]

Proposal 2: To support CQI reporting under a specific CoMP transmission hypothesis, the UE is provided with at least (for each transmission hypothesis):

· A set of non-zero-power CSI-RS resources from points transmitting to the UE

· A set of resources to be used for the purpose of interference measurements

This flexible approach allows the network to configure the desired set of transmission hypothesis for which the UE can potentially report CQI, based on the specific CoMP strategy. To limit complexity a maximum limit to the number of CoMP transmission hypothesis could be defined (e.g. 4 or 5).
3
Example with heterogeneous deployment
In a scenario 4 deployment, with a CoMP Measurement set of at most 2 points, UE’s can be classified into the following categories:

· Pico UE (single Pico node in CoMP Measurement set)

· Macro UE (only the Macro node in 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)

The scheduler may wish to perform DPS with dynamic blanking of the Macro point, given that Macros may be the points most responsible for interference to most UEs. In order to have efficient CSI feedback, for each transmission hypothesis, the UE must be configured with a transmission point (from its CoMP Measurement set) as well as an interference resource.  The interference resource should allow the UE to estimate the interference for all points considered interfering for that hypothesis.  To achieve blanking of the Macro point, a non-Macro UE should be able to provide feedback for a transmission hypothesis that assumes Macro interference and another hypothesis that assumes Macro blanked.  Therefore, at least two interference resources must be configured for the UE.
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.


3.1
System Level Simulation Results

We provide simulation results that show the gain achievable when UEs enhance their feedback to allow for more hypotheses to be tested when scheduling.  For the results we assume that a UE may have up to two points in its CoMP measurement set and the second point is selected if its receive power is within 10 dB of the first point’s receive power.  The eNB may choose to blank the macro if it provides higher gain for the Macro cell area.  Therefore, in such a scenario, Macro UEs (and to a lesser extent Type 1 CoMP UEs) may be penalized given that their transmission point may be blanked often.  In order to remove such a penalty, CoMP set selection is biased towards Pico points.  Therefore in the results we provide a bias by which the received power from the Pico is biased.  In such a case, a Macro UE may instead become a Type 1 CoMP UE (and also, depending on the bias value, it may become a Type 2 CoMP UE or even a Pico UE).  Secondly, we study two types of blanking, static blanking (SB) and dynamic blanking (DB).  In SB we assume that Macro points blank periodically with a blanking pattern density defined as the percentage of subframes blanked.  For DB, at each TTI, the scheduler determines the cell throughput with and without Macro blanking and opts for the best performing scenario.  Such a blanking strategy further stresses the need for enhanced CQI feedback, given that DB may be transparent to a UE.  In such a scenario it is impossible for a UE to adequately estimate CQI for each hypothesis based solely on predefined subframe patterns.
The results of Table 2 show absolute values of spectral efficiency as well as relative gains with respect to single-point non-CoMP transmission.  For each transmission scheme, the combination of bias and SB density (when relevant) providing the best performance has been selected and only those results are presented here. In these results (different than [3]) we have not assumed inter-cell coordination for either SB or DB, i.e. blanking decisions are not coordinated between different macro cells.
The results show that using DPS with DB outperforms DPS with SB.  In order to use DPS, UEs may have two transmission hypotheses where each may use a Rel-8 type CQI with no further assumptions on interference.  In this case, the OLLA is required to further refine the MCS chosen for each UE.  However, the OLLA does not fix point-selection errors caused by incorrect interference assumptions.  To achieve the high gains of DPS with blanking, the network requires some UEs to have more transmission hypotheses, specifically depending on Macro blanking or not.  The gains achieved by DPS with DB show the benefit of enhancing the feedback to allow for more optimal CoMP scheduling algorithms.

Table 2: System-level simulation results
	Transmission scheme
	Cell Area avg. SE (bps/Hz)
	5%-ile Cell Edge SE (bps/Hz)

	Single-point
	12.226
	0.0901

	SB
(bias=2dB
density=0.125)
	12.339
(0.9%)
	0.0931
(3.3%)

	DPS 
(bias=0dB)
	11.824 
(-3.3%)
	0.1016
(12.8%)

	DPS/SB
(bias=0dB,
density=0.2)
	11.860
(-3.0%)
	0.1025
(13.8%)

	DPS/DB
(bias=2dB)
	11.870
(-2.9%)
	0.1052
(16.8%)


4
Conclusion
This contribution proposed a flexible framework allowing the definition of set of transmission hypothesis that can be used as a basis for CQI reporting. The benefit of this has been illustrated from simulation results obtained in heterogeneous scenario. The following observations and proposals were made:

Observation: Per-point CQI based on interference measurement performed as in R10 is not adequate for the purpose of allowing the network to predict performance for different candidate transmission hypotheses possible in CoMP.

Proposal 1: Support reporting of CQI under determined CoMP transmission hypothesis.
Proposal 2: To support CQI reporting under a specific CoMP transmission hypothesis, the UE is provided with at least (for each transmission hypothesis):

· A set of non-zero-power CSI-RS resources from points transmitting to the UE

· A set of resources to be used for the purpose of interference measurements
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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


