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1. Introduction

Introduction of CoMP feature in Rel-11 has provided new requirements for interference measurements mechanisms and procedures. In particular at RAN1#68bis it was agreed to introduce, so called interference measurement resource (IMR), on which UE can be configured to measure interference [1]. Such interference measurement mechanism enables the network better control interference and noise measurements at the UE for the purpose of CoMP CSI reporting.  It is however not decided whether single IMR with UE-emulated interference or multiple IMRs configuration is sufficient to achieve better CoMP gains. In this contribution we provide analysis for two interference measurement approaches by considering different aspects of the network operation such as system overhead, performance of advanced receivers and efficiency of frequency-domain ICIC power control schemes.
2. The system overhead due to configuration of IMR(s)
In order to assist CoMP scheduling decisions and to obtain the CoMP gains due to interference mitigation the network should be provided with multiple CSI reports corresponding to different interference hypothesis within a CoMP measurement set. There are two approaches that can be used to capture different interference hypotheses within a CoMP measurement set:

1) UE interference measurements on multiple IMRs [2]
2) UE interference emulation from transmission points within CoMP measurement set [3] 
In the first approach multiple IMRs are configured for the UE for the purpose of interference measurements for different interference hypotheses. In this case the network has full control of interference that UE is measuring and interference measurements for CSI reporting are fully transparent to the UE. For the second approach a single IMR is used for interference measurements outside of CoMP measurement set and intra-CoMP measurement set interference for CSI reporting is compensated at the UE side for a given interference assumption. Such UE based interference compensation is carried out at the UE side using per CSI-RS resource channel measurements within a CoMP measurement set. For a given intra-CoMP measurement interference hypothesis the interfering signal for UE interference emulation is assumed to be spatially isotropic. In other words the desired interference and noise covariance matrix 
[image: image1.wmf]i

R

 for i-th interference hypothesis is calculated at the UE as follows
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where R0 is interference and noise covariance matrix measured on IMR corresponding to interference outside of CoMP measurement set, Rss is transmitted signal covariance matrix (which can be assumed as identity matrix for spatially isotropic interfering signal), H k channel for k-th interfering transmission point within CoMP measurement set, which is assumed to be interfering for the current interference hypothesis.
As discussed in [2] the main benefit of using second approach for interference calculation is reduced overhead due to single IMR configuration. For example, considering the case of two coordinating points, the single IMR configuration is needed for the second approach to enable interference measurements at the CoMP UE. Other UEs operating in single cell mode may use conventional CRS based interference measurements to obtain CSI report. It should be noted however that CRS based interference measurements is not feasible in some scenarios (e.g. CoMP scenario-4 and new carrier types) which eventually require additional IMR configuration in the network. More specifically considering the example above with two coordinating points two more IMRs corresponding to interference from TP1 and interference from TP2 should be additionally configured in the network to properly capture interference from the transmitting points by non CoMP UEs for CSI feedback. The system overhead in this case is similar for the two considered interference measurement approaches. Hence the following observation can be made:
Observation: 
· The system overhead for single IMR with UE interference emulation is similar to multiple IMRs interference measurements. 
3. Performance of advanced receivers
Up to Rel-10 the demodulation performance requirements have been specified for UE receiver based on linear minimum mean squared error (LMMSE) criteria assuming two receive antennas and assuming that inter-cell interference is modelled as AWGN. Thus the inter-cell interference suppression capability for other types of interference was not ensured by UE receiver. In Rel-11 RAN4 has started study on the enhanced UE performance requirement for LTE-A, by considering UE receivers with spatial domain interference mitigation, which are expected to improve cell-edge user throughput performance by exploiting spatial structure of interference.
In single IMR with UE interference emulation the structure of inter-cell interference for CSI report could be mismatched with UE assumption. In particular spatially isotropic interfering signal from the transmission point typically implies non beam-formed transmission with full transmission rank which is not the case in practice. However in LTE, UE is likely perform interference averaging in time-domain for CSI report, to average out the effect of dynamic beamforming, therefore making both interference measurement approaches similar to each other with respect to CSI report. In order to illustrate the performance difference between two interference measurement approaches system level simulations were carried out for advanced interference aware receivers. In simulations the time-domain interference measurements averaging over four IMRs transmission instances were assumed. It can be seen from the results provided in Table 1 that the performance of DPS/DPB CoMP scheme is similar for two approaches. 
Table 1: Performance of DPS/DPB CoMP scheme for advanced receivers
	
	Non CoMP
	DPS/DPB, multiple IMRs
	DPS/DPB single IMR and UE interference emulation

	Average Cell SE, bps/Hz
	13.02 (0.0%)
	13.30 (+2.1%)
	13.22 (+1.5%)

	Cell edge user SE, bps/Hz
	0.0833 (0.0%)
	0.0911 (+9.3%)
	0.0916 (+10.0%)


Observation: 

· The performances of CoMP with advanced UE receiver are similar for single IMR with UE interference emulation and multiple IMRs interference measurement options. 

4. Frequency domain ICIC
In Rel-8 frequency domain ICIC scheme was introduced in to solve inter-cell intra-frequency interference. The main idea of ICIC is to divide subcarriers into different groups and assign them a different transmission powers. The transmit power it typically selected in such way two minimize interference in the neighboring cells as illustrated in Figure 2. In Rel-11 such scheme could be used to address the interference issues on the CoMP cluster boundaries.
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Figure 1: The power allocation in frequency domain in ICIC scheme
The frequency-selective interference seen from other cells is typically captured by per sub-band interference measurements and accounted in sub-band CQI reports. In single IMR with UE interference emulation, UE assumes frequency flat power allocation for interference emulation, making CSI reports to be mismatched with actual channel state information. To demonstrate the performance impact a system level evaluations were carried out for DPS/DPB CoMP scheme in conjunction with ICIC scheme, where semi-static power control scheme with {P1 = 4dB, P2 = -6dB, P3 = -6dB} power profile applied in each cell. It can be seen from Table 2 that single IMR with UE interference emulation has performance loss comparing to multiple IMRs interference measurement option.
Table 2: Performance of DPS/DPB CoMP in conjunction with ICIC for simple receiver
	
	Non CoMP
	DPS/DPB, multiple IMRs
	DPS/DPB single IMR and UE interference emulation

	Average Cell SE, bps/Hz
	13.36 (0.0%)
	13.81 (+3.37%)
	13.43  (+0.52%)

	Cell edge user SE, bps/Hz
	0.0925 (0.0%)
	0.01065 (+15.4%) 
	0.0920 (-0.54%) 


Observation: 

· For ICIC scheme a performance loss is observed for single IMR with UE emulated interference, due to constant power spectral density assumption for interference emulation at the UE. 

Based on the observations above the following proposal can be made:

Proposal: 

· Multiple IMRs should be considered as a baseline assumption for CoMP interference measurement specification.

5. Configuration of IMR and CQI
At RAN1#68 meeting [1] it was agreed that IMRs are subset of Rel-10 CSI-RS. If ZP CSI-RSs are considered as IMRs some signaling is required to indicate a subset, which should be used for interference measurements. In Rel-10 ZP CSI-RS are signaled using a 16-bit bitmap, where each bit corresponds to the set of 4 REs. For IMRs signaling the same bitmap approach can be re-used, i.e. interferenceMeasurResourceConfigList-r11 defining 16-bit bitmap (subset of Rel-10 zeroTxPowerResourceConfigList-r10) can be defined to indicate resources within a subframe for interference measurements. 
In order to increase the capacity of IMRs the periodicity of IMR transmission could be increased comparing to ZP CSI-RS transmission. This can be accomplished by adding interferenceMeasurResourceSubframeConfig-r11 parameter to IMR configuration.
Proposal: 
· The IMR is configured by signaling of interferenceMeasurResourceConfigList-r11 and interferenceMeasurResourceSubframeConfig-r11 parameters.
During CoMP SI phase the benefit of using CoMP and eICIC scheme was shown. Therefore in order to facilitate such CoMP operation scenario in Rel-11 the interference part of CSI (i.e. one IMR) should also include the time-domain measurement resource restriction pattern.
Proposal: 
· The interference part of CSI configuration may include the time-domain measurement resource restriction pattern to facilitate CoMP and eICIC operation in Rel-11.
6. Summary and conclusions

In this contribution we have analyzed the performance of two interference measurement approaches: UE interference measurements on multiple IMRs and UE interference measurements on single IMRs with interference emulation from transmission points within CoMP measurement set. It has been observed that:
· The system overhead for single IMR with UE interference emulation is similar to multiple IMRs interference measurements.
· The performances of CoMP with advanced UE receiver for single IMR with UE interference emulation and multiple IMRs interference measurement options are similar. 

· For ICIC scheme a performance loss is observed for single IMR with UE emulated interference, due to constant power spectral density assumption for interference emulation at the UE.
· Multiple IMRs should be considered as a baseline assumption for CoMP interference measurement specification.
With respect to IMR configuration the following proposals have been made:
· The IMR configuration includes signaling of interferenceMeasurResourceConfigList-r11 and interferenceMeasurResourceSubframeConfig-r11 parameters.
· The interference part of CSI configuration may include the time-domain measurement resource restriction pattern to facilitate CoMP and eICIC operation in Rel-11.
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Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	(4, 2)

	Maximum number of  feedback set

Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: 4 co-polarized antennas

UE: 2 co-polarized antennas 

	Transmission scheme
	SU-MIMO 

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Non fuller buffer FTP, F=2MBytes

	Maximum Rank per UE 
	2

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586), Interference aware 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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