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1 Introduction

The agreements from RAN1#69 on CoMP CQI definition are as follows [1]:
Agreement:
· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 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 Rel-10 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 this contribution, we will discuss whether one or two NZP CSI-RS resources can be configured to enable the UE-emulated interference.

2 Discussion
2.1 The support of UE-emulated interference
The UE-emulated interference is proposed in some contributions, e.g. [2][3]. The UE-emulated interference means that the transmission of an isotropic signal (NZP CSI-RS) can be regarded as interference. In the next, we will discuss the UE-emulated interference. First of all, we would like to introduce two terminologies:

· In case of UE-emulated interference, one or two NZP CSI-RS resources are used as interference part;

· In case of non UE-emulated interference, NZP CSI-RS resources are not used as interference part.
It is worth noting that, in case of UE-emulated interference, the interference measurement should not be based on NZP CSI-RS resources only.  The interference measurement only based on NZP CSI-RS resources, which needs to subtract the desired signal from the NZP CSI-RS resource to get the interference, has been actually excluded from CoMP in Rel-11, due to performance deficiencies. Thus, the UE-emulated interference needs the aid of at least one of the configured IMRs.
Observation 1: In case of UE-emulated interference, a new type of interference part should be defined in addition to configured IMRs, i.e.:

· At least one IMR, e.g. the IMR that measures interference outside the measurement set;

· One or two NZP CSI-RS resources as interference parts, only corresponding to certain interference inside the measurement set, which is emulated by UE.

2.1.1 Performance aspect
The main performance impact of UE-emulated interference from isotropic signals is that the UE cannot estimate the real precoder that is used for neighbor TP’s interfering PDSCH transmission, and thereby this may lead to inaccurate CQI. Note that this drawback also exists in the legacy CQI calculation.

The simulation results below illustrate the performance loss of the UE-emulated interference compared with the non-UE-emulated interference. The simulation parameters are in the Appendix.

Table 1: The performance loss for the UE-emulated interference compared with the non-UE-emulated interference.
	Interference measurement
	Cell edge
	Cell-average

	Non-UE-emulated interference
	0%
	0%

	UE-emulated interference
	-0.82%
	-3.58%


From the simulation results, we can observe that:
Observation 2: The UE-emulated interference has small performance degradation compared with the non-UE-emulated interference case.

2.1.2 Overhead of IMRs

Since the NZP CSI-RS resources are limited, the overhead of IMRs by using NZP-CSI-RS as interference part is the main concern.
2.1.2.1 From UE perspective
A solution that needs (N+1) IMRs for the measurement set with the size of N, has been proposed in [4] [5]. This solution combines IMRs to exploit all possible interference hypotheses. However, in RAN1#69, it has been agreed that the interference part of CQI is measured from one IMR, which means that the interference part cannot be the combination of multiple IMRs, i.e. the solution of (N+1) IMRs is not supported in the specification.
Observation 3: The interference part cannot be the combination of multiple IMRs.

In case of UE-emulated interference, the NZP CSI-RS resources configured for channel estimation can be reused to estimate the interferences inside the measurement set. Thus, only one IMR, e.g. the IMR that measure the interference outside the measurement set, is sufficient. By contrast, in case of non UE-emulated interference may need more IMRs, since each interference hypothesis needs one IMR.
Observation 4: Non UE-emulated interference needs a much larger number of IMRs than UE-emulated interference for one UE.
IMRs for one UE are orthogonal in time/frequency domain, and one IMR usually needs the aid of other ZP CSI-RS resources distributed in different TPs, which corresponds to the additional NZP CSI-RS resources of neighbour TPs. For example, in case the measurement set size is 3, if considering only one TP as the strongest interference source, the two CQI with different channel parts but the same interference part that assume only the strongest TP is muting, need the aid of two ZP CSI-RS resources from the strongest TP. Thus, the number of ZP CSI-RS resources used for interference measurement is generally much greater than the number of IMRs.
Observation 5: The number of ZP CSI-RS resources used for interference measurement is generally greater than the number of IMRs for one UE.

Furthermore, we will give an example to show typical number of IMRs and ZP CSI-RS resources for one UE.
Example-1: 
· Non UE-emulated interference:
· In case that the measurement set size is 2, the number of all possible IMRs is 3, and the number of ZP CSI-RS resources is 4;
· In case that the measurement set size is 3, generally the possible muting TPs may be the strongest one TPs, e.g. heterogeneous network, and thereby the number of IMRs is 5, and the number of ZP CSI-RS resources is 7.
· UE-emulated interference:

· In case that the measurement set size is 2, the number of IMR can be 1, and the number of ZP CSI-RS resources can be 2;
· In case that the measurement set size is 3, the number of IMR can be 1, and the number of ZP CSI-RS resources can be 3.
2.1.2.2 From eNB perspective
Since the measurement set is UE specific and one measurement set has small size from 2 to 3, the eNB should manage the all UE-specific measurement sets. Thus, the eNB should configure all IMRs patterns for all measurement sets for the CoMP UEs therein.
This implies that, in order to handle this global configuration, eNB should maintain a fixed superset covering all possible measurement sets for the eNB. This superset can not be simply regarded as CSI-RS Resource Management (CRM) set that is used for CSI-RSRP measurement, since it has been agreed that measurement set and CRM set can be independent from each other [6]. Similar to discussions in [7], the coordination area, which is defined in the simulation assumptions [8] can be considered as this superset. In one coordination area, the TPs (RRHs) are connected to central node by fiber.  We think it is reasonable to consider the coordination area as the superset based on the following reasons:

· CoMP intra the coordination area is regarded as baseline, but CoMP inter the coordination area has the issues of capacity and latency of backhaul, i.e., the Rel-11 CoMP may not coordinate across multiple coordination areas;
· The size of superset should not be too large as the analysis below, and the coordination area is usually has small size.
It is important that the size of coordination area should not be a large number. Otherwise, the measurement sets in a coordination area will be too diverse, which results in a large number of to-be-configured IMRs. Since the IMRs in the coordination area are orthogonal, the total number of IMRs in the coordination area is the summation of the number of IMRs in each configurable measurement set. Considering the size of measurement set is N, and the number of candidate TPs in the coordination area is M, there will be in total
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 possible measurement sets can be configured, the operator (.) here means the combination number of choosing N from M. Consequently, if one measurement set needs L IMRs, it needs to consider LK IMRs in total at the eNB side, which likely increases exponentially with M.
Example-2: In case that the size of measurement set is 3 and non UE-emulated interference is employed, if we consider a coordination area with 5 NZP CSI-RS resources corresponding to 5 TPs, there are totally 10 measurement sets can be configured. If each measurement set is configured with 5 IMRs as in Example-1, the total number of IMRs in the coordination area will be 50, and the number of ZP CSI-RS resources may be much larger. Such large overhead of ZP CSI-RS resources will offset the CoMP gain.

Observation 6: As the superset of the measurement sets, the size of the coordination area should not be too large. Otherwise, the overhead of ZP CSI-RS resources will offset the CoMP gain.

Since the number of IMRs in the coordination area is the summation of the number of IMRs in each configurable measurement set, the number of ZP CSI-RS resources in the coordination area is proportional to the summation of the number of ZP CSI-RS resources in each possible measurement set according to Observation 5. Therefore, non UE-emulated interference has the much larger overhead of ZP CSI-RS resources than UE-emulated interference.
Observation 7: Non UE-emulated interference has much larger overhead of ZP CSI-RS resources than UE-emulated interference from eNB perspective.
As discussed in the email discussion [9], an agreement was achieved that “aim to maximize the number of configurations of the interference part of CSI while keeping realistic interference measurement accuracy/performance”. The purpose of limiting the maximum number of configurations of the interference part is to reduce the operator planning efforts.
Thus, one of criteria is to exploit as much as possible configurations of interference part, which can be orthogonal or quasi-orthogonal. In general, orthogonality comes from the different CSI-RS resources in time/frequency domain, and quasi-orthogonality comes from the different scrambles of NZP CSI-RS resources. The configurable time/frequency resources limit the orthogonality, but it will relax the limitation of the quasi-orthogonality. The resources limitation is a severe problem, as shown in the following example.
Example-3: For 4-Tx transmission, there are 10 CSI-RS resources in one subframe. If the CSI-RS transmission periodicity is 5 ms, there are only 50 CSI-RS resources in 5 ms. Hence, it cannot support the number of configurations of the interference part in the Example-2, considering Observation 5 and the usage of NZP CSI-RS resources. Of course, one of solutions would be reducing the number of IMRs for each measurement set, but with the reduction of CSIs number the performance of CoMP will degrade. 

However, if UE-emulated interference is employed in Example-2, there are at most 30 ZP CSI-RS resources needed for the coordination area. Thus, with the same configuration of Example-3, the UE-emulated interference can support the number of configurations of the interference part in the Example-2.
Observation 8: In case of UE-emulated interference, the supported maximum number of configurations of the interference part is potentially larger.
Conclusively, we observe that:
Observation 9: If NZP CSI-RS resources are used as interference part, there are two benefits:

· The overhead of ZP CSI-RS resources is smaller;

· The maximum number of configurations of the interference part is potentially larger.
Therefore, we suggest:

Proposal 1: It should be supported in Rel-11 that NZP CSI-RS resources are used as interference part.
Proposal 2: In addition to the interference measured on the configured IMRs, one or two NZP CSI-RS resource can be configured as the interference part for CoMP in Rel-11.
3 IMR granularity

The granularity of ZP CSI-RS resource is 4REs/PRB. The simulation results in [10] show that 2 REs/PRB provides similar interference measurement performance as 4 REs/PRB, while the overhead can be further reduced with a finer granularity of ZP CSI-RS resource. However, this will cause an impact to the current specification, and the signalling overhead of the ZP CSI-RS resource will also increase. Furthermore, as mentioned above, the overhead of ZP CSI-RS resource is already at an acceptable level. Therefore, it is better to keep the granularity of IMR as 4REs/ PRB.
Proposal 3: The granularity of IMR is 4REs/ PRB.
4 Conclusion
In this contribution, we discussed whether one or two NZP CSI-RS resources can be configured to enable the UE-emulated interference. Our proposals in the contribution are summarized as follows:
Proposal 1: It should be supported in Rel-11 that NZP CSI-RS resources are used as interference part.
Proposal 2: In addition to the interference measured on the configured IMRs, one or two NZP CSI-RS resource can be configured as the interference part for CoMP in Rel-11.

Proposal 3: The granularity of IMR is 4REs/ PRB.
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Appendix

A.1
Simulation assumptions

Table 2: Simulation assumptions.

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 2: the central entity can coordinate 3 cells.

Measurement set size is 2.

	Simulation case
	3GPP Case 1

	High power RRH Tx power (Ptotal)
	46 dBm in a 10 MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	CS/CB

Rank-1 SU-MIMO transmission

	Impairments modeling
	- no CRS-PDSCH collision

- timing error = 0 us
- zero frequency offset

	CSI/CQI delay
	6 TTIs

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	Cross-polarized on each column, closely-spaced

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	Per-CSI-RS-resource PMI feedback (Rel-10 codebook) without inter-CSI-RS-resource feedback

	Feedback subband size
	5 RBs

	Channel estimation
	CSI-RS: Ideal

DM-RS: Ideal

	UE receiver
	MMSE-IRC receiver

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Backhaul assumptions
	Point-to-point fibre, zero latency and infinite capacity

	Link adaptation
	Non-ideal
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