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1. Introduction
RAN2 email discussion [71b#26] discussed various aspects of eICIC [1]. Although it served the main purpose to help building common understanding on mobility scenarios, no way forward could be generated out of it.

This document tries to address remaining outstanding issues from the email discussion and propose a way forward. 
2. Discussion 
2.1. ABS assignment in the network and relation to UE measurement resource restriction
Macro-Pico:

On the use of ABS for neighbouring cell measurement, different views were expressed and questions were raised on how the network would assign ABS for different cells and cell types, macro and femto. For macro’s ABS, the main question was if a common ABS pattern is used by neighbouring macro cells. It is our view that this may not be always the case, however it is important that RAN2 eICIC design addresses the scenario where neighbouring macro cells share a common subset of ABS pattern.
When a pico cell is interfered by multiple macro cells, it is desirable that those macro cells use a common ABS pattern so that the UE can measure and be served by a weak pico cell by restricting the RRM/RLM resource to the subframes corresponding to macros’ ABS. ABS patterns of neighbouring macro cells may contain uncommon ABSs due to different load situation or different number of pico cells under macro cell’s coverage.  
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Figure-1:
Impact of macros’ ABS pattern to pico CRE

The most realistic case where a common ABS pattern  is not used by neighbouring macro cells is the case where a macro has pico cell(s) in its coverage and a neighbouring macro cell has no pico cell in its coverage. In this case, the first macro cell should employ ABS to facilitate pico CRE while the second macro cell does not need to.
In addition, an operator may want to use arbitrary ABS pattern for each macro cell to enjoy the benefit of not having to do coordination across macro cells. But this approach would limit the flexibility for pico cell deployments as the aforementioned interference problem may arise. 
Now looking at this from the UE point of view, it seems sensible to assume that the UE does not have to be aware of all the ABS configuration patterns that the network may be using. The network configuration via dedicated signalling allow the serving eNB to provide the UE with an appropriate RRM/RLM resource restriction.

Observation 1:
ABS pattern assignment for macro cells is a network deployment choice. In analysing impact to measurements, RAN2 should take into account both cases, the case where neighbouring macro cells use the same ABS pattern and the case where neighbouring macro cells use different ABS patterns. 
Observation 2:
Macro cells interfering a pico cell (with CRE) should share a common ABS pattern. 
Observation 3:
For macro-pico case, the UE only needs to be aware of a single RRM/RLM resource restriction pattern corresponding to “interference-protected” resource of pico cell.
Macro-femto:

It was also asked in the email discussion if a common ABS pattern is used by all femto cells. Our view is that this is not strictly needed, However doing so has some benefit. Macro’s ABS cannot overlap with femto’s ABS in time in order to be able to schedule the MUE in femto’s coverage. Using different ABS patterns for femto cells will narrow down the available subframes for macro’s ABS in macro-femto-pico mixed case.
When it comes to RRM/RLM resource restriction the femto case is simple since the protection of macro’s signal is provided by a single femto cell. 
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Figure-2:
Impact of femtos’ ABS pattern to macro’s ABS pattern
Observation 4:
ABS pattern assignment for femto cells is a network deployment choice
Observation 5:
For macro-femto case, the UE only needs to be aware of a single RRM/RLM resource restriction pattern corresponding to the resource that the interfering femto cell frees up.

2.2. Signalling approach
Three signalling solutions were discussed in the email discussion, the approach 1 to 3.
· Approach 1:
RRM/RLM resource restriction per PCI or PCI group
· Approach 2:
Single RRM/RLM resource restriction for serving and neighbours

· Approach 3:
Two RRM/RLM resource restrictions, One for serving and the other for neighbours
We consider that before adopting the approach 1 it should be considered if some simplification is technically possible.
The main issue commonly observed for the approach 2 and 3 is that using macro’s ABS for measurements would result in optimistic estimation of RSRQ and RLM (Qin/Qout) due to less or no interference component when  the macro cells that the UE can see may be using the same ABS pattern as discussed in the previous section. When neighbouring macro cell(s) uses a different or no ABS pattern, there would be no issue of “optimistic” RSRQ measurement or RLM.
We consider that it is essential to have accurate measurements for the serving cell based on real load / interference situation for the following reasons. The approach 2 is not adequate in these regards.
· RSRQ measurement for the serving cell can be used to trigger inter-frequency/RAT measurement/mobility
· Optimistic RLM can cause a deadlock situation where the UE does not correctly detect RLF while it is not possible to schedule the UE (e.g. to send a RRC message) due to a strong interference in non-ABSs.

On the other hand, we do not think RSRQ measurements for neighbour cells is essential for the intra-frequency. It is our understanding that RSRQ comparison is not typically used for intra-frequency mobility.
We therefore propose to adopt the approach 3, as it addresses all the eICIC requirements [1] with reasonable complexity and flexibility.
Table-1:
Approach 3 in [1]:  One resource restriction each for serving and neighbours
	Scenario
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Macro’s ABS
	No resource restriction
	No resource restriction
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No measurement resource restriction
	Macro’s ABS
· RSRQ measurement could look optimistic due to macro’s ABS
	Macro’s ABS


	Macro’s ABS
· RSRQ measurement could look optimistic due to macro’s ABS

	Case 3) MUE in femto’s coverage (Subject to interference from femto)
	Femto’s ABS


	Femto’s ABS


	Femto’s ABS
	Femto’s ABS
· RSRQ measurement could look optimistic due to femto’s ABS


Proposal 1:
Adopt the approach 3 from the email discussion [1]
2.3. Reconfiguration of resource restriction and trigger
In this section we describe how the RRM/RLM resource restriction can be reconfigured. The following figure shows a basic mobility scenarios.
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Figure-3:
Mobility scenarios
First of all, in this example the “Cell Individual Offset” is used for the pico cell with CRE so that the effective coverage of the pico becomes larger in terms of measurement event triggering. Throughout this section we assume the event A3 (RSRP comparison) is used as mobility trigger.

2.3.1. Macro-pico

MUE entering pico’s area:
The MUE is configured as follows;

· Event A3 with conventional threshold point (e.g. a3-Offset = 3dB)

· Cell individual offset for the pico cell (e.g. cellIndividualOffset = 8dB)
· No RRM/RLM restriction for the serving macro cell
· RRM restriction for neighbour cells
This means that the event A3 is meant to be triggered 6dB earlier for the pico cell with respect to the conventional handover point. This requires the UE to able to measure a weak pico cell. RRM restriction for neighbour cells allows the UE to accurately measure the pico cell at the earlier point.
At point A:
The event A3 is triggered at the point A (according to the a3-Offset and cellIndividualOffset above) and the network sends handover command configuring the following. RRM/RLM restriction for the serving pico cell allows the UE to be served by the pico cell when it becomes weak.
· Event A3 with conventional threshold point (e.g. a3-Offset = 3dB)

· Cell individual offset for the macro cell (e.g. cellIndividualOffset = 8dB)
· RRM/RLM restriction corresponding to macro’s ABS for the serving pico cell
· No RRM restriction for neighbour cells
At point B:
The event A3 is triggered at the point B (according to the a3-Offset and cellIndividualOffset) and the network sends handover command. The new configuration is the same as the one for the “MUE entering pico area” above. 

2.3.2. Macro-femto

MUE out of femto’s area:
The configuration for the MUE is the one for the “MUE entering pico area” in the mixed network scenario. The second configuration is not particularly necessary for macro-femto case.

· Event A3 with conventional threshold point (e.g. a3-Offset = 3dB) – report on leave “on”
· Cell individual offset for the pico cell (e.g. cellIndividualOffset = 8dB)
· No RRM/RLM restriction for the serving macro cell
· RRM restriction for neighbour cells
This means that the event A3 for the femto cell is triggered at conventional handover point.
At point C:
The event A3 is triggered at the point C (according to the a3-Offset). The network then can use CSG related procedures to figure out the UE membership. Once the network knows the UE is not a member, it sends a reconfiguration message configuring the following. It should be noted that the serving cell remains the macro cell in this case. The RRM/RLM resource restriction allows the UE to measure the serving macro cell and neighbour cells under strong interference from the femto cell. The network may optionally configure another event A3 with different threshold. This event is used to notify the network that the interference is as strong as it cannot be overcome by eICIC. If such event happens the network may send the UE to another frequency or RAT. 
· Event A3 with conventional threshold point (e.g. a3-Offset = 3dB) – report on leave “on”
· RRM/RLM restriction corresponding to femto’s ABS for the serving macro cell
· RRM restriction corresponding to femto’s ABS for neighbour cells
· Optionally, event A3 with a aggressive threshold (e.g. a3-Offset = 8dB)
At point D:
The event A3 “report on leave” is triggered at the point D. The network configures the UE to use the configuration for the “MUE out of femto’s area” above.
2.3.3. Summary

Based on the analysis in the previous subsections, we can conclude that the existing RRC mechanisms can be used for reconfiguring RRM/RLM resource restrictions according to the radio condition that the UE is experiencing.
Proposal 2:
Confirm that the existing RRC mechanisms can be used for reconfiguring RRM/RLM resource restrictions
2.4. Cell acquisition
The UE should be able to detect other cells for mobility under strong interference, There are three channels associated with acquisition are PSS/SSS/PBCH. These channels can be protected by a subframe shift solution mention in [4], that is applicable for FDD. In this solution, the PSS/SSS/PBCH of the weak cell are protected from interference by the PSS/SSS/PBCH of the interferer by the shift, and by other channels of the interfering cell by either setting the corresponding subframes as ABS, or blanking the center 6 RBs if the corresponding subframes are not set to ABS.
For TDD (as well as FDD), alternate solutions with cancellation of the dominant interferer signal are being discussed in RAN4/1.
It should be noted that the UE measurement for cell acquisition does not have to be restricted by the RRM/RLM resource restriction discussed in the email discussion. Hence these solutions for cell acquisition do not involve any RAN2 changes.
3. Conclusion
In this document we looked at possible ABS pattern configurations of the network and its relation to UE configuration.  We also looked at the procedural aspect of resource restriction reconfiguration. The following proposals were made based on the analysis provided in this document.
Proposal 1:
Adopt the approach 3 from the email discussion [1]
Proposal 2:
Confirm that the existing RRC mechanisms can be used for reconfiguring RRM/RLM resource restrictions
A stage-2 CR and stage-3 TP are provided in [2] and [3] respectively.
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