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1 Introduction

For Interference Measurement Resource (IMR), it has been agreed in RAN1 #69 meeting that

· One IMR occupies a subset of REs configured as Rel-10 ZP CSI-RS
· IMRs associated with different CSIs can be configured independently
The following points are 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

· Granularity of IMR (REs/PRB), taking into account the measurements accuracy/performance.

In the email discussion following RAN1 #69, it was agreed to maximize the number of configurations of the interference part of CSI while keeping realistic interference measurement accuracy/performance.

This paper investigates these issues and considers how to configure IMRs. Proposals are provided for achieving realistic interference measurement accuracy/performance.
2 Interference Measurement Method
Two methods are discussed for interference measurements to support CoMP in Rel-11:

Method 1 (direct measurement): the interference hypothesis for each CQI is measured directly based on one IMR, which means multiple IMRs may be needed for different CQIs. The signal transmitted on each IMR by the TPs that are part of the interference assumption can be scheduled PDSCH or any signal the networks deems necessary to transmit for the interference measurement.
Method 2 (UE emulation): for each CQI calculation, the total interference corresponding to the hypothesis will be divided into two parts, outside-measurement-set interference to be measured on the only configured IMR and inside-measurement-set interference to be emulated by UE based on the channel estimation of the interfering point(s) and assumed precoding matrix.
In [1], the pros and cons of the two methods were analyzed. The analysis is summarized in Table 1, which shows that method 1 (direct measurement) is preferable to method 2 (UE emulation).
Table 1. Comparison of Method 1 and Method 2

	
	Method 1
(direct measurement)
	Method 2
(UE emulation)

	Overhead
	Same overhead
	Same overhead, or lower overhead without simultaneous non-CoMP single-point feedback

	Measurement Accuracy
	High
	Low

	Support of coordination area larger than the CoMP measurement set
	Yes
	No

	Support of joint transmission
	Yes
	Yes, but not simultaneously with non-CoMP single-point feedback

	UE complexity
	Low
	High


To illustrate the comparison results, a system simulation is conducted. DPS and DPB are utilized in the coordination area consisting of 3 macro sectors, and intra-site 3 macro sectors blank simultaneously when DPB is used. UE reports 2 DPS CQIs (1 CQI by assuming PDSCH sent by macro, 1 CQI by assuming PDSCH sent by the strongest pico and macro is not blanking) and DPS/DPB CQI (assuming PDSCH sent by the strongest pico and macro is blanking). IMR configured to the UE in Method 2 (UE emulation) is the IMR used where 3 macros are blanking and the candidate picos mute on REs of this IMR. Detailed assumptions are shown in Appendix A. The results are shown in Figure 1. System performance is significantly degraded with Method 2 (UE emulation) compared with the 0% baseline (Method 1), especially for cell edge UEs’ performance. 
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Figure 1 Performance loss of Method 2 (UE emulation) compared to Method 1 (direct measurement)
The reason for this performance loss includes two aspects:

· When UE is emulating interference, the UE should assume the precoding matrix used for the transmission of the interfering points. The true precoding matrix used by the interfering points will depend on the scheduling and traffic load, especially when the number of UEs served by one point is small and traffic changes dynamically. Thus, interference measurements based on the assumption of fixed/isotropic precoding can never provide an accurate measurement result.

· UE can only measure the channel matrices from the points in the CoMP measurement set. As a result, UE cannot emulate the interference from points outside of the CoMP measurement set. With Method 2 (UE emulation) , the UE cannot obtain the correct interference hypothesis for the cases where it receives the PDSCH from the picocell and the macro sectors are not blanking.

If the IMR had instead been defined to include the interference from the two macro sectors outside the UE CoMP measurement set, the UE would not have been able to derive the interference for the cases where the macro sectors are simultaneously blanking, resulting in a performance loss. Therefore, Method 2 relying on a single IMR has inherent limitations which result in a performance loss in a typical HetNet scenario.
Observation: compared with Method 1 (direct measurement), system performance will have significant degradation if Method 2 (UE emulation) is used, especially for cell edge UEs’ performance.

Based on the above analysis and evaluation, the following is proposed:
Proposal 1:  UE emulation of interference based on NZP CSI-RS resources is not supported.
3 Configuration of IMR

3.1 Orthogonality of IMRs
Based on previous discussion, configuring multiple IMRs to one UE for multiple CSI has better performance than configuring only one IMR, and the UE directly measures interference based on the eNB-indicated IMR for the corresponding CSI. However, if the multiple IMRs configured to one UE are not orthogonal between each other, which means the REs of these IMRs partially overlap with each other in time domain or frequency domain, generally the interference measured from the overlapped REs is different than that measured from non-overlapped REs. This would decrease the measurement accuracy, potentially making the new interference measurement resources useless. 
Obviously this issue will not exist if the multiple IMRs configured to one UE are orthogonal to each other. One example can be found in Figure 2 for IMR configuration. Let’s assume TP1 is the serving cell for UE. Two IMRs configured to one UE are used separately. In case 1, the two IMRs are orthogonal to each other, and obviously TP2 can muting on IMR1 and transmitting signal on IMR2 to guarantee the UE measures the correct interference for both DPS and DPB. In case 2, the two IMRs are not orthogonal to each other, and TP2 does not know if the RE (RE A) where IMR1 and IMR2 overlap should be muted or not. The UE cannot measure the correct interference in case 2.
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Figure 2 Example of IMR orthogonality
Proposal 2: IMRs configured to one UE should be orthogonal to each other in all subframes and PRBs
3.2 Configuration parameters for IMR

To configure an IMR, as least two types of information should be sent to the UE:
· IMR pattern within a PRB pair (e.g. resourceConfig)
· Subframe offset and periodicity (e.g. subframeConfig)
For each IMR pattern, 4 REs per PRB pair for each IMR can be an option, e.g. one 4-port ZP CSI-RS. 2 RE per PRB pair for each IMR can be another choice, only if the interference measurement accuracy is satisfactory. Subframe configuration can be independently configured for multiple IMRs, while making sure that the REs of the IMRs are subsets of the Rel-10 ZP CSI-RS.
Proposal 3: Each IMR is configured by the following parameters

· CSI-IM configuration (such as resourceConfig for CSI-RS in Tables 6.10.5.2-1 and 6.10.5.2-2 of 36.211) with to 2 or 4 REs per PRB pair. FFS between 2 and 4 REs per PRB pair.
· Subframe configuration (such as subframeConfig for CSI-RS in Table 6.10.5.3-1 of 36.211) 
3.3 Configuration of Subframe subsets and IMR
In RAN1 #69 meeting, it has been agreed that the configuration of IMR does not affect the ability to configure subframe subsets for CSI reporting. In Rel-10, when a UE is configured with subframe subsets, the UE should measure interference and calculate CSI reports for subsets separately. The REs on which interference measurements are taken within a subset are unspecified in Rel-10. A natural extension in Rel-11 is that the REs on which interference measurements are taken within a subset would be indicated by an IMR. In other words, two CSI reports may be generated and the interference measurement for each report is based on the REs that are simultaneously in the configured IMR and in the associated subset. As in Rel-10, the channel part of the two CSI reports is based on a single NZP CSI-RS resource. An example is shown in Figure 3.
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Figure 3 Example for simultaneous configuration of subframe subsets and IMR
Proposal 4: When subframe subsets and one IMR spanning both subsets are configured simultaneously to one UE in Rel-11, the UE measures interference separately for each CSI and the interference measurement is restricted to the IMR REs in the corresponding subframe subset for each CSI report. Subframe subsets can only be associated with a single NZP CSI-RS resource and a single IMR.

3.4 Maximum number of configurations of the interference part 
The aim to maximize the number of possible IMR configurations is to simplify network planning of IMRs by providing a method for randomizing the collisions of IMRs configured by different eNBs. The number of IMR configurations depends on the granularity of one IMR within a PRB pair and on the period of the IMR (e.g. 5/10/20/40/80ms). A small granularity (2 REs/PRB pair) and a large period (80 ms) offer (40/2)*80*(6/10)=960 IMRs, where just 6 subframes per frame where assumed available due to paging.  This number of available IMRs would be sufficient in most scenarios. The configuration of IMRs should nevertheless still be planned efficiently for avoiding persistent IMR collisions.
A way to simultaneously further increase the number of available IMR configurations and to provide interference randomization is to let the IMRs configured for one UE hop across subframes, as proposed in [2]. As discussed in section 3.1, it is critical for the measurement accuracy that if IMR hopping is introduced, the IMRs configured for one UE remain orthogonal to each other in any subframe. One way to support the IMRs orthogonality for one UE is to define IMR set hopping, where the IMRs in one set are orthogonal with each other and the IMRs configured for one UE belong to one IMR set. It should be kept in mind that if IMR hopping is introduced, it will also incur signalling overhead and more UE complexity. Moreover, it may lead to increased ZP CSI-RS overhead, since IMRs could potentially occupy 40 REs/PRB across time, even if the number of occupied REs is limited in any given subframe, as shown in the example of Figure 4, where p is the subframe period of the configured IMR. Therefore, if IMR hopping is supported, it should be configurable, at least to provide an alternative to the case with increased overhead and UE complexity.
[image: image4.emf]IMR

Configuration

for Rel-11 UE ZP CSI-RS

other RE

Configuration

for Rel-10 UE



subframe

 #n

subframe

 #n+p

subframe

 #n+2p

subframe

 #n+3p

subframe

 #n+4p

subframe

 #n+5p


Figure 4 Example for overhead with IMR hopping

Proposal 5: If IMR hopping is supported, it should be configurable and the IMRs configured for one UE should remain orthogonal to each other in any subframe. The increased complexity and overhead of IMR hopping should be considered in addition to interference measurement accuracy/performance.
4 Conclusions
In this paper, the interference measurement method and the configuration of IMR are investigated. Based on the discussion, the following are proposed:
Proposal 1: UE emulation of interference based on NZP CSI-RS resources is not supported.
Proposal 2: IMRs configured to one UE should be orthogonal to each other in all subframes and PRBs.
Proposal 3: Each IMR is configured by the following parameters

· CSI-IM configuration (such as resourceConfig for CSI-RS in Tables 6.10.5.2-1 and 6.10.5.2-2 of 36.211) with to 2 or 4 REs per PRB pair. FFS between 2 and 4 REs per PRB pair.

· Subframe configuration (such as subframeConfig for CSI-RS in Table 6.10.5.3-1 of 36.211). 

Proposal 4: When subframe subsets and one IMR spanning both subsets are configured simultaneously to one UE in Rel-11, the UE measures interference separately for each CSI and the interference measurement is restricted to the IMR REs in the corresponding subframe subset for each CSI report. Subframe subsets can only be associated with a single NZP CSI-RS resource and a single IMR.

Proposal 5: If IMR hopping is supported, it should be configurable and the IMRs configured for one UE should remain orthogonal to each other in any subframe. The increased complexity and overhead of IMR hopping should be considered in addition to interference measurement accuracy/performance.
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Appendix A. System Assumption
	Parameter 
	Values used for evaluation 

	Deployment scenarios 
	Scenario 3/Scenario 4 

	Simulation case 


	ITU UMa for Macro, UMi for low power node 

· UMa 

- UE speed : 3km/h

- No outdoor in-car penetration loss 

· UMi 

- Carrier Frequency : 2GHz 

- 100% UE dropped outdoors 

- No outdoor to indoor penetration loss 

	Number of UEs per macro cell area 
	30 for config4b 

	Duplex mode 
	FDD 

	System bandwidth 
	10 MHz 

	Possible transmission schemes in DL 
	SU –MIMO with RA

	Network synchronization 
	Synchronized

	Number of antennas at transmission point 
	2,4

	Antenna configuration 
	2 Tx antennas, 1 column, cross-polarized: X 
4 Tx antennas, 2 column, cross-polarized: XX

	Number of antennas at UE 
	2

	eNB Antenna tilt 
	Macro: 3D 

Pico: 2D 

	CSI feedback delay 
	4ms 

	Channel estimation 
	ideal

	UE receiver 
	MMSE option 1 

	Placing of UEs 
	From TR36.814: 

Configuration #4b 

	Number of low power node per macro-cell 
	4 

	Traffic model 
	FTP model 2, ( = 0.6, packet_ size = 0.5M bytes

	HARQ 
	Chase combining, maximum 3 transmissions 













































































