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1. Introduction

During RAN#71bis, RAN1 LS ‎[1] ask for RAN2 action in design specific RRC support for eICIC TDM solution. During the subsequent email discussions, some issues are raised
· Whether ABS will be applied as long as Pico has CRE or only be applicable when CRE with large bias is used?
· Whether ABS will UE-specific or cell-specific

· Should we have different handling of Macro-Femto and Macro-Pico

· Should we consider additional use cases?

In this contribution, we follow up with some topics (on Connected mode handling) that are not fully discussed due to lack of time.

2. eICIC Scenarios for consideration 
In our view there are three possible deployment scenarios as shown in Figure 1.
· Macro-Femto: Macro UE (MUE) is severely interfered by nearby CSG Femto
· Macro-Pico: Pico UE (PUE) is severely interfered by overlapping Macro, usually happens when pico CRE is very large
· Macro-Pico-Femto: PUE is severely interfered by both Macro and CSG Femto
Only case-1 and case-2 are separately considered in RAN1/RAN2 so far.

[image: image1.emf]Femto

Femto

MUE

Pico

PUE

Pico

PUE

Macro Macro

Macro

1: Macro-Femto 2: Macro-Pico

3: Macro-Femto-Pico


Figure 1 three scenarios should be considered in eICIC
We note that currently studied Macro-Femto and Macro-Pico use case are of quite different design goals. In Macro-Femto case, Rel-8/9 UE will not work anyway and the goal is to enhance the network so that Rel-10 UE can work to some extend. In Macro-Pico case, Rel-8/9 UE works fine and the goal is to achieve load balancing between Macro and Pico so that overall network capacity is enhanced.
Given that CRE is used between Macro-Pico, a large CRE naturally leads to larger “coverage” of Pico. In a mixed deployment with Macro, Femto, Pico, large CRE makes it more likely that a PUE served by “weak serving pico” is severely interfered by both Macro and Femto. For example as shown in many RAN1 contributions ‎[4]

 REF _Ref277003839 \r  \* MERGEFORMAT ‎[5], if 4 Pico are deployed per cell without applying any CRE on the pico roughly 22% of all UEs are attached to the Pico cell. If we apply 16dB bias value on the Pico (for a Pico with 30dBm transmission power, 16dB compensates for the transmission power difference with Macro already), roughly 69% of all UEs will be attached to the Pico cell. This means 47% of all UEs will connect to a weaker Pico cell instead of a stronger Macro cell and many of them will experience harsh interference from Macro cell. In a Macro-Pico-Femto mixed scenario, those UEs could further experience uncontrolled interference from Femto cell additionally. Thus the ABS patterns for Macro-Pico-Femto mixed scenario will be rather problematic and need to be addressed; otherwise the claimed gain on Pico CRE will be quite compromised. (We provided a possible solution during email discussion and attached it in the Appendix of this paper).
Proposal 1: For connected mode, the case that a PUE is severely interfered by both Macro and Femto should be considered (in addition to Macro-Pico and Macro-Femto cases), when large pico CRE is applied.
3. eICIC configuration signalling 
During RAN2 discussion, whether ABS pattern should be cell specific or UE specific are discussed and there seems to be no consensus on this topic so far. We believe this question should be first answered and agreed, before RAN2 decides what designs are used to signal such ABS pattern. Note that such decision may not be only decided by RAN2 since it may have performance impacts, in particular since Macro-Pico use case is all about performance enhancement. Therefore the decision may likely involve RAN1 (particularly for Macro-Pico case).
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Figure 2 A deployment with cluster of Femtos within Macro

As we discussed in another paper ‎[6], Macro-Femto case may require a cell-specific ABS pattern, mainly due to the IDLE mode handling issue as well as lack of X2 interface between Macro and Femto eNBs. A simple example is shown in Figure 2 where the MUE is moving in Macro and first it gets close to Femto-1 and later moves close to Femto-2. Ideally it should appear to MUE/MeNB that 

· current serving Macro is always good enough so that no unnecessary measurement /cell reselection will happen
· there is no need to re-configure MUE in order to properly receive SIB and paging (i.e. not to bring the UE into CONNECTED mode for any configuration update)
· whether MUE is close to Femto-1 or Femto-2 should not bother Macro eNB.

Therefore it seems simple to make Macro-Femto ABS pattern cell-specific and in addition make it specific to each Macro cell, i.e. all overlapping Femtos should have aligned ABSs. And this should readily apply to Connected mode under this use case as well. Some additional details are provided in paper ‎[6].
Proposal 2: Macro-Femto case, ABSF pattern should be specific to the Macro cell.
For Macro-Pico case, we believe there is no need to worry about IDLE handling and thus there is some more flexibility allowed in deciding ABS pattern configuration, i.e., both cell-specific or UE-specific ABS patterns are feasible. In Table 1 we listed some issues for comparison of these two possible approaches.
	Cell-specific
	Pro
	- simple
- less X2 signaling overhead (need to check with RAN3)

	
	Con
	- may have less capacity gain and making CRE less useful

	UE-specific
	Pro
	- more efficient (need to check with RAN1 on possible gains)

	
	Con
	- more X2 signaling overhead and inter-eNB coordination
- may add more complexity in eNB scheduling


Table 1 Comparison of cell-specific and UE-specific ABS under Macro-Pico case
Since the design goal of eICIC in Macro-pico case is really network capacity enhancement, a careful RAN1 study seems necessary before RAN2 could make a decision. It is our current understanding that there is no agreement in RAN1 yet regarding
· large CRE benefit

· capacity gain when ABS is applied.
In addition, making signalling UE-specific or cell-specific may have implications on RAN3 X2 signaling aspects.
Proposal 3: RAN2 needs to ask for inputs from RAN1/3 before making decisions on whether ABS pattern should cell-specific or UE-specific in Macro-Pico case

4. Conclusions
Proposal 1: For connected mode, the case that a PUE is severely interfered by both Macro and Femto should be considered (in addition to Macro-Pico and Macro-Femto cases), when large pico CRE is applied.
Proposal 2: Macro-Femto case, ABSF pattern should be specific to the Macro cell.
Proposal 3: RAN2 needs to ask for inputs from RAN1/3 before making decisions on whether ABS pattern should cell-specific or UE-specific in Macro-Pico case
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Appendix

During email discussion, we provided a possible solution as shown in Figure 3 for Macro-Pico-Femto use case shown in Figure 1 Case-1. It is done by aligning additional ABSFs at Femto to those of Macro ABSFs to allow PUE have SFs to use, that are free of interference from either Macro or Femto. 
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Figure 3 A example of handling Macro-Pico-Femto eICIC use case
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