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1
Introduction

In RAN1#67 the following was concluded on interference measurements: 
“Conclusions:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone is not satisfactory for Rel-11.


Agreement:

· Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 


Study further until RAN1#68 which REs to use. “

In [1], we have provided some conceptual analysis of the schemes under discussion, i.e. non-zero-power and zero-power CSI-RS. Simulation results were provided for single point transmission and dynamic point selection schemes with and without blanking in [2]. In this contribution we provide further results on interference measurements in case of single user joint transmission (SU-JT) CoMP. 
2
Simulation methodology
In this paper we study the SINR estimation framework proposed in [1] by conducting extended link simulations. Details on the simulation assumptions can be found from Appendix 1.

CoMP interference and SINR estimation are studied through extended link simulations. A single UE is dropped into the hexagonal cell network (3GPP Case 1). The dropping is done uniformly within the CoMP area which consists of 2 cells in the center site (CoMP measurement set). Statistics are shown only for UEs that are in a CoMP favourable condition. In these simulations we used a path loss window of 6 dB to determine the CoMP UEs. For all simulations the network is assumed to be synchronous and fully loaded. Fast fading is correlated according to the SCM Urban Micro or SCM Urban Macro channel models.

The simulated CoMP scheme is a single user joint transmission SU-JT scheme. The UE selects the PMI for each transmission point that produces the maximum overall throughput conditioned that the rank of the transmission is the same for all transmission points. However, there is no additional precoding between the transmission points. Since a single user scheme is simulated it is assumed that the eNB always also schedules according to the requested feedback.

SINR estimation methods
As also discussed in [1] a unified approach of SINR estimation for various schemes should be targeted. Compared to the studied dynamic point selection in [2], the SINR estimate for SU-JT equals [1]:
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where g is the receiver filter, Hi equals the estimate channel of cell i, Wi is the corresponding PMI and RI equals the estimate of the interference and noise outside the CoMP measurement set. This SINR estimate corresponds to the aggregated CQI scheme where one CQI value is fed back by the UE for CoMP transmission hypothesis. It is noted that in this SINR estimation, in fact the channel estimation quality plays a major role in addition to interference estimation quality.
In the conducted simulations, the channel and hence intra CoMP measurement set interference estimates are based on CSI-RS but various methods are used for estimating the interference outside the CoMP measurement set, i.e. RI.

Interference estimation methods and RS configuration
The interference outside the CoMP measurement set is estimated from either non-zero-power CSI-RS or from zero-power CSI-RS RE locations. In both cases the CSI-RS are configured such that the outer-measurement set interference RI is seen underlying the CSI-RS, hence the interference RI can be directly measured.

Assuming that non-zero-power CSI-RS REs are used for the interference estimation, channel is first estimated and then the reference signal contribution is cancelled from the received signal in order to obtain the residual signal. Average power is then calculated from the residual signal. In the simulations, average over only one PRB is calculated.  In case zero-power CSI-RS are used, one can directly calculate the average power from the REs to obtain the interference power outside the CoMP measurement set, RI. This is the other method that is studied in this contribution.
Different methods require different number of REs as summarized in Table 1. The numbers of REs for channel estimation and interference estimation are listed. The table also lists the amount of total overhead which includes the assumption on whether the same REs are used both for channel and interference estimation or not. Note that we also study CSI-RS with density doubled to 2 REs per PRB per antenna port [1]. It is especially noted from the table that in CoMP cases, the non-zero-power CSI-RS –based approach implies typically more samples for interference estimation as basically all non-zero-power CSI-RS configured for the CoMP measurement set can be utilized.
Following legends are used in the next section while discussing the simulation results:
· Ideal I: Channel estimate is based on Rel’10 non-zero-power CSI-RS and interference estimate is ideal.
· 1 RE NZP CSI-RS: Both channel and interference are estimated from the Rel’10 non-zero-power CSI-RS.
· ZP CSI-RS: Channel is estimated from Rel’10 non-zero-power CSI-RS but interference is estimated from separately configured zero-power CSI-RS (as specified in Rel’10).

· 2 RE NZP CSI-RS: Channel and interference estimates are based on non-zero-power CSI-RS but the density is increased to 2 RE per PRB per antenna [2].

Table 1. RE overhead for various schemes per PRB (4 Tx per transmit point).

	Scheme
	Single cell MIMO
	2-cell CoMP

	
	Channel estimation samples
	Interference estimation samples
	Total overhead
	Channel estimation samples per transmit point
	Interference estimation samples
	Total overhead

	NZP CSI-RS 1RE
	4
	4
	4
	4
	8
	8

	NZP CSI-RS 2RE
	8
	8
	8
	8
	16
	16

	ZP CSI-RS
	4
	4
	8
	4
	4
	12


Performance metrics

The performance of the SINR estimation algorithms is measured as an average of absolute value of the SINR estimation error i.e. ε = (1/N)Σ(|SINRest-SINRideal|) where SINRest and SINRideal are both in dB scale. The dB scale is selected because it matches relatively well with the CQI quantization of the SINR. Such a metric was chosen because the interference and hence SINR estimation accuracy should be matched with the CQI granularity which with the current 4-bit reporting roughly corresponds to 2 dB SINR intervals.
The average SINR error is calculated per subcarrier and subframe basis. In the extended link simulations for CoMP, the error is shown as a mean square error fitted polynomial curve against the observation samples. These samples are the average SINR errors of the UE drops that are in favourable CoMP conditions.
The ideal SINR reference value is based on ideal channel information and ideal interference information. On the other hand, the ideal value assumes the derived optimal PMI information for all cells in the CoMP area. In other words, no impact of the scheduling is taken into account. Furthermore, the SINR values are separately calculated for both rank 1 and rank 2.

3
Extended link evaluations for SU-JT CoMP interference measurement
In this section the performance of the SINR and interference estimators is simulated in the SU-JT CoMP context. Figure 1 depicts rank 1 SINR estimator performance for UE drops. In these figures, error is shown as a curve which is a mean square error fit to UE drop data. Only the UEs being in favorable CoMP location are simulated meaning that the cells from the two cell CoMP measurement set need to be inside 6 dB pathloss window totalling roughly 13% of uniformly dropped UEs. The x-axis depicts the geometry factor resulting from CoMP operation which is calculated assuming that both cells are part of the useful signal.
The performance of the estimators is similar to the single link and DPS CoMP cases in [2]. Some drops at the high CoMP geometry factor range suffer from the phenomenon where the error in the interference estimate is dominated by the channel estimation error. This is amplified by the bad quality of the CSI-RS channel estimate. Increasing the density of the CSI-RS improves the performance significantly.
The performance of the zero-power CSI-RS -based method is constrained by the quality of the signal power estimate.

Both SCM urban micro and SCM urban macro channels were simulated. The decreased coherence bandwidth of the urban macro channel leads to slightly higher error in the SINR estimate.
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Figure 1. SINR error assuming SU-JT transmission in SCM urban micro (left) and SCM urban macro (right).
4
Conclusions
In this paper, we have studied SINR estimation method that can be used for the CQI feedback for various antenna processing shemes such as the SU-JT CoMP transmission which was also simulated. The SU-JT CoMP scheme was studied using extended link simulations and it can be observed that similar SINR estimation quality is achieved for this transmission scheme as what was achieved in earlier results in [2] for single cell SU-MIMO and DPS CoMP. Hence this also further confirms our observation that the best overall estimation performance with moderate overhead is achieved by increasing the CSI-RS density.
Observations:

·  Non-zero-power CSI-RS with increased density (2 RE / PRB / port) provides overall the best SINR estimation performance.
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Appendix 1: Simulation assumptions

	Parameter
	Assumption

	Carrier frequency
	2 GHz

	Bandwidth 
	10 MHz

	Simulation scenario
	3GPP Case 1

	Fast fading model
	SCM Urban Micro or SCM Urban Macro

	Interference model
	2 cell tiers, inter site distance 500 m

	UEs per cell
	1 

	UE PRB allocation
	Full band

	Mobile speed
	3 km/h 

	MIMO scheme
	Precoded 4x2 MIMO with LTE Release 10 codebook 
Link and rank adaptation modeled

	CSI-RS
	Yes, 5 ms periodicity
Realistic modeling of CSI-RS channel estimation

	DM-RS
	Rel-10 DM-RS
Realistic modeling of DM-RS channel estimation

	PMI reporting bandwidth
	5 PRBs

	CQI reporting bandwidth
	Wideband

	Channel estimation
	2D MMSE


