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Discussion and Decision 
1 Introduction 
The usage of the TDM ICIC mechanism based on the so called “ABS concept” and “CRE bias” is applicable to only connected mode UEs in Release 10. The Idle mode mobility enhancements in a heterogeneous network 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 [1]. 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)


2 Background 

Several contributions for the Idle mode mobility in a heterogeneous network, some identifying the issues, some either favoring or opposing the idle mode eICIC support were previously discussed in RAN2 [2], [3], [4], [5], [6]. However, in RAN2 work on idle mode eICIC did not progress because during RAN#53 plenary it was decided that only objectives under first priority be handled in RAN WG’s while those under second priority were suspended until RAN#55 [7]. In this contribution we revisit the scenarios and scope of idle mode enhancement for eICIC. We also try to perform the benefits versus associated cost analysis for supporting eICIC in idle mode operation based on the previous contributions discussed in RAN2.
3 Benefit versus associated cost analysis 
3.1 Macro + Pico Scenario

We motivate the idle mode eICIC support in the macro + pico scenario based on the following use cases:

Case1: UE going from CONN to IDLE to CONN (C->I->C) in the same cell
This is probably the most important case because if we address this case we would ensure that no handover is needed after a temporary IDLE mode transition in the same cell. This scenario is most likely when the UE in pico CRE region goes from C->I->C.
Case2: UE going from IDLE to CONN after entering new cell
Case3: UE going from IDLE to CONN during first RRC connection
If we would support the application of measurement restrictions for case2 and case3 then, we could decrease the possibility for a handover after going to CONN even when entering a new cell where the UE was not in connected before or during the first RRC connection establishment. This scenario is most likely when the region in the new cell is pico CRE or when the UE has powered on the pico CRE region. Table 1 summarizes the benefit for eICIC support and the associated cost introduced for supporting.
Table 1 Benefit/Cost Analysis for Macro+Pico Scenario.

	Scenario for Idle Mode
	Macro + Pico

	Functionality
	If eICIC not supported
	Benefit for eICIC support OR              Scope for enhancement
	Cost (Issue) introduced by supporting eICIC

	Cell detection 


	UE is camped to macro cell and does not see weak pico cell. Problem of PSS/SSS detection of weak pico cell is applicable for both idle mode and connected mode.
	feICIC solution involving either Rx based interference cancellation (IC) of PSS/SSS or Tx based subframe shift is currently discussed in RAN1. Higher layer signaling may be required to support Rx based solution. 
	If IC for PSS/SSS is done always for measuring on any other neighbor (macro or pico) then it should not lead to unwanted behavior. (eg. detecting too weak pico cells which may not be good candidate for reselection/handover).
Trigger condition to apply IC will be required to be specified.  

	RRM Measurements

(Measurement restrictions and CRE Bias)


	Without CRE bias and measurement restriction UE camps to macro cell instead of pico cell. On transition from idle->connected, UE is handed from macro to pico.
	The handover at connected->idle->connected transition is avoided. 
feICIC solution involving both measurement restriction and CRE bias need to be supported. Measurement restriction is required for measurement accuracy of RSRP and RSRQ. CRE bias (offset) would be required to facilitate reselection to pico cell.
	Some change would be expected either in the cell selection (S) criterion and/or in the cell ranking (R) criterion.
Pico cell needs to satisfy the S criterion to qualify for ranking.

During cell ranking additional offset (CRE bias) need to be added to pico cell to facilitate reselection.
Serving cell pattern (pattern1) would be primarily required to be signaled while for MUE to perform re-selection to pico cell at CRE boundary would benefit from neighbor cell pattern (pattern2) .

Support of measurement restriction in idle mode introduces new performance requirements in RAN4.

	Paging & System Information Change tracking


	Since UE will be camped to macro cell, there is no issue with paging and system information change tracking.
	If eICIC is supported UE will be camped to pico cell, then if UE in CRE region is paged during non-ABS subframe then probably it will be lost. Since paging opportunity of UE is based on IMSI, it is not always possible to align paging opportunity with macro ABS.
	feICIC solution providing paging protection would be required.

	RACH procedure
	Since UE will be camped to macro cell, when the UE is paged it will perform RACH procedure with macro so there is no issue.
	If eICIC is supported UE will be camped to pico cell, then if UE in CRE region is paged then subsequently it will perform RACH procedure with the pico cell. The RACH response (message2) needs to be sent during macro ABS for successful delivery.
	Pico eNB need to ensure that RACH response (message2) is scheduled during macro ABS.


Based on the analysis in Table 1 we observe the following:-

Observation#1: For the macro+pico scenario, the UE is able to remain camped to the macro cell for LTE coverage if eICIC is not supported. The benefits of reselecting the pico cell in idle mode are small as compared to significant cost (or possibly new issue introduced) for support of eICIC.
3.2 Macro + Femto Scenario
We motivate the idle mode eICIC support in the macro + femto scenario based on the following use cases:

Case1: UE powers on in macro cell and it transitions back to idle mode and moves into the coverage of the non member femto cell

Case2: UE powers on in non member femto cell
For both Case1 and Case2, the obvious benefit of idle mode eICIC in macro + femto scenario is ensuring the LTE coverage when non member UE is in coverage of non-allowed femto cell. Table 2 summarizes the benefit for eICIC support and the associated cost introduced for supporting.
Table 2 Benefit/Cost Analysis for Macro+Femto Scenario.
	Scenario for Idle Mode
	Macro + Femto (Non member CSG UE)

	Functionality
	If eICIC not supported
	Benefit for eICIC support OR              Scope for enhancement
	Issue introduced by supporting eICIC

	Cell detection 


	For a non member UE who powers on in femto, due to high interference from femto cell, the problem of PSS/SSS detection of macro cell is applicable.
	feICIC solution involving either Rx based interference cancellation (IC) of PSS/SSS or Tx based subframe shift is currently discussed in RAN1. Higher layer signaling may be required to support Rx based solution. 
	Trigger condition to apply IC will be required to be specified.  

	RRM Measurements

(Measurement restrictions)


	Without measurement restrictions the RSRP/RSRQ measurements for macro cell would be inaccurate in presence of interference from femto cell. UE could potentially experience LTE coverage outage. The UE is likely to experience complete coverage hole if there is neither another E-UTRAN frequency nor another RAT deployed within the non allowed femto coverage area.
	feICIC solution involving measurement restriction  need to be supported. Measurement restriction is required for measurement accuracy of RSRP and RSRQ. 
	Serving cell pattern (pattern1) would be primarily required to be signaled.
Support of measurement restriction in idle mode introduces new performance requirements in RAN4.

	Paging & System Information Change tracking


	If non member UE in femto coverage is paged during non-ABS subframe then probably it will be lost. Since paging opportunity of UE is based on IMSI, it is not always possible to align paging opportunity with femto ABS.
	feICIC solution providing paging protection would be required. Also, protection would be required for PBCH (MIB).
	

	RACH procedure
	To get LTE coverage non member UE need to be camped to macro cell. When the UE is paged it will perform RACH procedure with macro then during RACH procedure the RACH response (message2) need to be sent during femto ABS for successful delivery.
	Macro eNB need to ensure that RACH response (message2) is scheduled during femto ABS.
	


Based on the analysis in Table 2 we observe the following:-

Observation#2: For the macro + femto scenario, the consequence of not supporting eICIC is most severe with the most likely situation the UE could loose LTE coverage. The worst situation is UE could experience complete coverage outage if another EUTRAN frequency or RAT is not available in the non allowed femto coverage. 
Observation#3: Support of measurement restriction in idle mode introduces new performance requirements in RAN4.

4 Conclusion
Based on above observations and previous discussions in RAN2, the support of eICIC in idle mode is more critical for the macro + femto scenario compared to the macro + pico scenario. However, during RAN2#75 (Athens) meeting quite a few network operators expressed their view that there is really no need for any enhancement in macro + femto scenario [8], as in our understanding their focus is on the macro + pico deployment in the hetnet context. We conclude the contribution with following proposals:-
Proposal#1:  RAN2 to agree if eICIC support in idle mode should be considered in Release 11 or not.

Proposal#2: If yes, RAN2 to prioritize the macro + femto scenario and treat macro + pico scenario as secondary.

Proposal#3: If yes, RAN2 to consult RAN4 for new performance requirements introduced by supporting measurement restrictions in idle mode.
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