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Discussion and Decision 
1 Introduction 
The usage of the TDM ICIC mechanism based on the so called “ABS concept” is applicable to only applicable for PCell for UEs in connected mode in Release 10 [1]. The applicability of the eICIC mechanism to the SCell in a carrier aggregation (CA) scenario were kept out of Release 10 specifications due to lack of time. In RAN plenary #52 a new WI “Further Enhanced Non-CA Based ICIC for LTE" (FeICIC) was approved for Release 11 to continue the specification work initiated in Release 10 to further enhance ICIC [2]. The following objectives were proposed to study on second priority in the WI:-
	· Data channel ICIC enhancements, e.g., FDM/TDM coordination and enhanced signalling for resource allocation; or supporting the application of single-carrier time domain ICIC mechanism on the frequency of SCell in Carrier Aggregation setting
· Higher layer enhancements, e.g., for idle mode operation, power saving and mobility enhancements (RAN1, RAN2, RAN3, RAN4)

· Uplink enhancements e.g. uplink interference mitigation for Macro-Pico and Macro-Femto

· Identify interference scenarios stemming from different UL/DL configurations or muted UL subframe configuration in TDD and corresponding  air interface change and CSI reporting requirements
· Dominant interference impacting on legacy UEs (Release 8/9/10)


In this contribution we discuss the scenarios and scope of inter-frequency eICIC enhancements for Release 11 in conjunction with carrier aggregation deployment scenarios.
2 Inter-Frequency Measurement Restrictions (CA)  

In previous RAN2 meetings several contributions from different companies discussed the inter-frequency measurement restrictions in the Carrier aggregation (CA) setting [3], [4], [5]. CA is employed to increase the data rate of users. CA can be supported by both macro and pico cells when multiple carrier frequencies are available with the network operator. Therefore, hetnet deployments could be envisaged with CA deployment scenarios 1, 2 and 3 as described in TS 36.300 with the following assumptions:
· Macro cells in all CA deployment scenarios could be CA capable

· Pico cells is some (or maybe all) deployment scenarios could be CA capable

· Not all pico cells are deployed on the same frequency 

· Not all femto cells are deployed on the same frequency

Since in Release 10, use of TDM ICIC i.e. eICIC mechanism was restricted only to the frequency of PCell, it would mean every UE has to have the PCell on the same carrier frequency where Hetnet is deployed. As motivated above, network operator could deploy Hetnet in multiple layers, but the mobility in SCell frequencies would not benefit from eICIC as a result of Release 10 restriction. Therefore, supporting the application of eICIC mechanism on the frequency of SCell in CA setting seems reasonable. 
Observation#1: Application of TDM ICIC based on ABS concept could be envisaged on multiple component carrier(s) in CA setting irrespective of whether the component carrier is primary or secondary frequency.
2.1 Support for eICIC on Scells 
The Release 10 measurement restrictions for PCell include a single sering cell pattern (pattern1), a single neighbor cell pattern (pattern2) and two subsets of CSI patterns (pattern3). In the following sections we examine the applicability of all the three eICIC for SCell.
2.1.1 Applicability of serving pattern for SCell
Use Case 1: CA capable MUE in the coverage of femto cell

Assume macro cell using component carrier frequencies (f1) and (f2) for CA. A femto cell on frequency (f2) is deployed in the overlapping coverage of f1 and f2. A CA capable macro UE having PCell on frequency (f1) and Scell on frequency (f2) is in the femto coverage area. The ABS concept for TDM ICIC is applicable on component carrier frequency (f2). With the Release 10 restriction the CA capable MUE may lose the SCell on frequency (f2) and has to be satisfied with data rate from frequency f1. Alternatively, the MUE has to switch its PCell from frequency f1 to f2 to keep enjoying increased data rate from both f1 and f2.
There could be other femto cell on frequency f1 in which case there could be a CA capable MUE having f2 as PCell and f1 as Scell. In such situation the CA capable MUE may lose the SCell on frequency (f1).

Use Case 2: CA capable PUE in the pico CRE region

Assume macro cell using component carrier frequencies (f1) and (f2) for CA. A CA capable pico UE having PCell on frequency (f1) and Scell on frequency (f2) is in the pico CRE region. The ABS concept for TDM ICIC is applicable on both component carrier frequencies (f1) and (f2). With the Release 10 restriction the CA capable PUE may lose its SCell on frequency (f2) and has to be satisfied with data rate from frequency f1. 

Observation#2: The serving pattern should be extended for restricted measurements on the SCell.  
2.1.2 Applicability of neighbor pattern for other serving frequencies (SCell)
Use Case 1: CA capable MUE in the proximity of pico CRE region
Assume macro cell using component carrier frequencies (f1) and (f2) for CA. A pico cell on frequency (f2) is deployed in the overlapping coverage of f1 and f2. A CA capable macro UE having PCell on frequency (f1) and Scell configured on frequency (f2) is moving towards the pico CRE region. The ABS concept for TDM ICIC is applicable on component carrier frequency (f2). The MUE cannot do restricted measurements for the pico cell on frequency (f2) for offloading purpose because Release 10 restricts the neighbor measurements on the primary frequency. The opportunity to offload to pico on f2 is probably lost without restricted measurements. Alternatively, the MUE has to switch its PCell from frequency f1 to f2 for the configuration of the neighbor cell pattern. This approach does not seem attractive because it involves handover signaling for switching from frequency f1 to f2. 
There could be other pico cell on frequency f1 in which case there could be a CA capable MUE having f2 as PCell and f1 as Scell. In such situation the offload to pico on f1 is probably lost without restricted measurements.
Observation#3: The neighbor pattern should be extended for restricted measurements on the SCell.  

2.1.3 Applicability of CSI pattern for SCell

The two subsets of CSI pattern offer scheduling flexibility, but in Release 10 this is restricted to the PCell. Assuming TDM ICIC based on ABS concept could be envisaged on multiple component carrier(s) in CA setting it seems reasonable to extended CSI pattern for restricted measurement on the SCell as well.  
Observation#4: All the three eICIC patterns should be extended for restricted measurements on the SCell.  

2.1.4 Possible signalling enhancements to support eICIC patterns for SCell

Our view is that the enhancement for the serving cell pattern should be possible but will have some ASN.1 impact along with update of procedure text. In this context, we think there are three options for placement of new IE for the enhancement of the serving pattern for SCell measurement.

Option1: Introduce a new IE at RadioResourceConfigDedicated level. 

Option2: Introduce a new IE at RRCConnectionReconfiguration level.

Option3: Introduce New IE in MeasObjectEUTRA in  MeasConfig.
Proposal#1: If the enhancement of the serving pattern for SCell restricted measurement is acceptable to RAN2, then placement of the new IE is FFS.

Our view is that the enhancement for the neighbor cell pattern should be easy to achieve since ASN.1 already supports this through MeasSubframePatternConfigNeigh in the MeasObjectEUTRA. Nevertheless, we need to update some procedure text.

Proposal#2: RAN2 to consider the text proposal provided in Appendix 6.1 to support observation#3.

Proposal#3: If the text proposals are acceptable to RAN2, Samsung would be happy to provide the corresponding CRs.
Proposal#4: If the enhancement of the CSI pattern for SCell restricted measurement is acceptable to RAN2, then the signaling enhancement is FFS.

3 Inter-Frequency Measurement Restrictions (non CA)

During RAN2#75Bis (Zhuhai) meeting based on contributions on inter-frequency enhancements in a heterogeneous network for the non CA scenario the discussion in RAN2#75Bis focused on the following use cases [6]:-

Case 1: macro-pico to limit RSRQ problem when measuring the macro cell. 

Case 2: macro-pico to enable direct handover to pico on other frequency (to measure the pico cell).

Case 3: macro-femto 

Case1 is based on concern of few companies on accuracy of RSRQ measurement of aggressor cells issue highlighted in [6] and the references therein. It relates to measuring inter-frequency aggressor cell only in non-ABSs. RAN2 agreed to rule out Case2 and Case3 for Release 11, while Case1 is still open for discussion based on the following agreement [7]:-

	Agreements
-
We will not define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios. 

-
If RAN4 identifies a problem regarding RSRQ accuracy for inter-frequency cases, we will attempt to find a solution


We would now prefer to consult RAN4 by sending LS to ask their views on the RSRQ inaccuracy issue for inter-frequency aggressor cells.
Proposal#5: RAN2 agree to send LS to RAN4 to re-visit the concern on RSRQ measurement accuracy of inter-frequency neighbor aggressor cells in non Carrier aggregation scenario. 
It should be noted that the text proposal provided in Appendix 6.1 addresses the solution for the RSRQ inaccuracy issue for inter-frequency aggressor cells.
4 Proposals
Based on above discussion:

Proposal#1: If the enhancement of the serving pattern for SCell restricted measurement is acceptable to RAN2, then placement of the new IE is FFS.

Proposal#2: RAN2 to consider the text proposal provided in Appendix 6.1 to support observation#3.

Proposal#3: If the text proposals are acceptable to RAN2, Samsung would be happy to provide the corresponding CRs.
Proposal#4: If the enhancement of the CSI pattern for SCell restricted measurement is acceptable to RAN2, then the signaling enhancement is FFS.

Proposal#5: RAN2 agree to send LS to RAN4 to re-visit the concern on RSRQ measurement accuracy of inter-frequency neighbor aggressor cells in non Carrier aggregation scenario. 
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6 Appendix

6.1 Inter-frequency Enhancements 
**************************** Text Proposal for TS 36.331**********************************

5.5.3
Performing measurements

5.5.3.1
General

For all measurements the UE applies the layer 3 filtering as specified in 5.5.3.2, before using the measured results for evaluation of reporting criteria or for measurement reporting.

.....................

.....................

2>
else:

3>
if a measurement gap configuration is setup; or

3>
if the UE does not require measurement gaps to perform the concerned measurements:

4>
if s-Measure is not configured; or

4>
if s-Measure is configured and the PCell RSRP, after layer 3 filtering, is lower than this value:

5>
perform the corresponding measurements of neighbouring cells on the frequencies and RATs indicated in the concerned measObject, applying for neighbouring cells on the primary frequency the time domain measurement resource restriction in accordance with measSubframePatternConfigNeigh, if configured in the concerned measObject;

4>
if the ue-RxTxTimeDiffPeriodical is configured in the associated reportConfig:

5>
perform the UE Rx–Tx time difference measurements on the PCell;

**************************** End of Text Proposal *****************************************
**************************** Text Proposal for TS 36.300*********************************

16.1.5
Inter-cell Interference Coordination (ICIC)

Inter-cell interference coordination has the task to manage radio resources such that inter-cell interference is kept under control. ICIC mechanism includes a frequency domain component and time domain component. ICIC is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells. The preferred ICIC method may be different in the uplink and downlink.

.....................

.....................

Pattern 2:
A single RRM measurement resource restriction for all or indicated list of neighbour cells operating in the same carrier frequency as the PCell or on another carrier frequency different from that of the primary frequency.
****************************** End Text Proposal *******************************************
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