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1. Introduction

During RAN1#68bis meeting the following agreement on interference measurements in Rel-11 was achieved [1]:
· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

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

In this contribution we address the remaining FFS issues which can be summarized as follows:

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

· whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· whether an IMR can have finer granularity than 4 REs/PRB

2. Number of IMRs and UE emulated interference
In order to reduce the amount of zero-power CSI-RS resources for multiple CoMP interference hypotheses a UE based interference emulation technique was proposed [2]. In such approach UE is configured with single IMR (interference measurement resource) on which single hypothesis corresponding to interference outside of CoMP measurement set can be measured. Other CoMP interference hypotheses can be calculated by allowing UE to compensate for the intra-CoMP measurement set interference by using the CSI-RS channel estimates, i.e.
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parameter (signaled by the serving point) compensating partial load. It should be noted that interference estimation above at some extend can also be measured directly on NZP CSI-RS of CoMP measurement set without interference emulations at the UE by making assumption that configured NZP CSI-RS is interfering signal.

The equation above implies that emulated inference has spatially isotropic structure with constant power spectral density. However the assumptions above may not be valid in many practical deployments. For example, when frequency domain ICIC schemes is used, UE is expected to measure frequency selective interference as interfering eNBs are employing frequency selective power control scheme. Similarly for the UE with interference aware receiver the spatially uncorrelated interference may provide pessimistic CQI reports. 
The problem of using single IMR for multiple CQI reports becomes especially sever for time domain eICIC scheme, where CoMP measurement set is typically composed from single serving point. It should be also realized that UE compensation of all macro cell layer interference for CQI reports on non ABS may not be accurate by considering only 1 or 2 macro cell points in CoMP measurement set . 
Observation 1: Single IMR with UE emulated interference offers some overhead reduction at the expense of reduced accuracy of CQI feedback due to predefined assumptions on spatial and frequency structure of interference. Also single IMR may not work for time domain eICIC scheme, where CoMP measurement set is typically composed from single serving point.
In contrast the direct interference measurement scheme on multiple IMRs of different interference hypothesis may capture more realistic interference realizations with spatially and frequency colored structure. Additionally configuring two IMRs transmitted on ABS and non ABS sets of subframes provides CSI feedback support of eICIC schemes in the framework of DL CoMP. Therefore the following proposal can be made:
Proposal 1: Each NZP CSI-RS resource should be individually configured with IMR for CQI calculation.
3. eNB emulated interference

In bursty traffic the interfering point in CoMP measurement set may or may not be active depending on traffic pattern realization. When interfering point is not active, interference measurements for two hypotheses with and without intra-CoMP measurement set interference provides the same CQI reports. As interfering point becomes active the CQI report corresponding to the interference hypothesis with intra-CoMP measurement set interference will be outdated during several subframes unless new measurements on IMR are performed and reported to eNB. The issue is illustrated in Figure 1 in more details.
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Figure 1: Measurements for intra-CoMP measurement set interference hypothesis

As IMRs are not present in every downlink subframe, such CQI mismatch period is likely to be notably increased comparing to CRS based interference measurement schemes. However by allowing eNB to perform intra-CoMP measurement set interference emulation on IMRs during inactivity periods should provide a more accurate CQI reports for the hypothesis considering intra-CoMP measurement set interference.
Proposal 2: eNB should be allowed to emulate intra-CoMP measurement set interference on IMRs during non active periods.
4. Performance evaluation of ZP and NZP CSI-RS based interference measurements

In this section a link level performance analysis for different interference measurement scheme are provided. Non zero power (NZP) CSI-RS and zero power (ZP) CSI-RS with granularity of 2, 4 and 8 REs are considered. The accuracy of CRS type of the interference measurements is also provided for reference. The CDF curves for 
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 are presented in Figure 2, where 
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 is channel transfer function within subband estimated using CSI-RS and  
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 is estimated interference covariance matrix within the same subband. It can be seen that ZP CSI-RS with 4 or even 8 REs per PRB provides performance comparable to CRS type of the measurements, due to larger number of interference samples available within PRBs for averaging. However as discussed in [3] the reuse factor of ZP CSI-RS may be limited, so NZP and ZP with granularity of 2 REs may be also considered if significant issues with reuse factor will be identified. 
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Figure 2: Performance of interference measurement scheme for different IMRs
Proposal 3: Consider ZP CSI-RS with granularity of 4 REs as baseline IMR for specification. NZP CSI-RS and ZP with granularity of 2 REs may be also specified as IMR only if significant issues with reuse factor of ZP CSI-RS will be identified. 

5. Signaling of interference measurement resources 

On RAN1#68 meeting 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 bits bitmap, where each bit corresponds to the set of 4 REs. For IMRs signaling the same bitmap approach can be taken, i.e. one more zeroTxPowerResourceConfigList-r10 type of the field can be added to zeroTxPowerCSI-RS-r10 RRC message, where new zeroTxPowerResourceConfigList-r10 should be subset of Rel-10 zeroTxPowerResourceConfigList-r10.
Proposal 4: A bitmap approach of indicating subset of ZP CSI-RS for interference measurement should be considered, i.e. one more zeroTxPowerResourceConfigList-r10 type of the field can be added to zeroTxPowerCSI-RS-r10 RRC message. 
Conclusions

In this contribution we have discussed the remaining issue of interference measurements in Rel-11 were analyzed. Based on discussion and performance evaluation the following observations and proposals were made:
Observation 1: Single IMR with UE emulated interference offers some overhead reduction at the expense of reduced accuracy of CQI feedback due to predefined assumptions on spatial and frequency structure of interference. Also single IMR may not work for time domain eICIC scheme, where CoMP measurement set is typically composed from single serving point.
Proposal 1: Each NZP CSI-RS resource should be individually configured with IMR for CQI calculation.

Proposal 2: eNB should be allowed to emulate intra-CoMP measurement set interference on IMRs during non active periods.

Proposal 3: Consider ZP CSI-RS with granularity of 4 REs as baseline IMR for specification. NZP CSI-RS and ZP with granularity of 2 REs may be also specified as IMRs only if significant issues with reuse factor of ZP CSI-RS will be identified. 
Proposal 4: A bitmap approach of indicating subset of ZP CSI-RS for interference measurement should be considered.
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Appendix
Link Level Simulation Assumptions

	Parameter
	Value

	Carrier frequency
	2 GHz

	Bandwidth 
	10 MHz

	UEs per cell
	1 

	Channel model
	EPA 5Hz

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Rank
	1

	Transmission mode
	TM9 based on LTE Release 10 codebook 

	Interference estimation
	Subband

	CSI-RS periodicity
	5 ms 

	Subband size
	6 PRBs

	Channel estimation
	LMMSE
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