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1 Introduction
After discussion at RAN1#62, the following was agreed [2]:

· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region.
And following RAN2 actions is proposed in LS:
1) To 3GPP TSG-RAN2 and RAN3,

RAN1 kindly asks RAN2/RAN3 to take the RAN1 agreements above into account on their further work on inter-node coordination for the Macro-Pico case 
2) To 3GPP TSG- RAN2,

RAN1 kindly asks RAN2 to take the RAN1 agreements above into account in their further work on RLM/RRM/CSI measurements. 
This document intend to analysis the potential impact on RAN2’s specification w.r.t. resource participation configuration, measurement and mobility. 
2 Discussion
The basic solution of eICIC is kind of TDM i.e. the downlink resource is participated between aggressor and victim. And the minimum granularity is one subframe. The resource participation pattern itself is not standardized and will not affect conclusion of following analysis. In order to simplify discussion, it is assumed that resource is always participated as following:
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Figure 2.1-1
In order to eliminate interference the aggressor need configure some special subframe such as almost blank subframe, MBMS subframe or almost blank subframe with MBMS [1] in the e.g. even subframes in Figure 2.1-1..
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Figure 2.1-2
Event these special subframes are configured interference is not avoided completely. In all solutions interference due to CRS in first few symbols for control signaling still exist. And if almost blank subframe is configured the interference on data symbols of victim is also there. Since interference on control signaling is more important  timing shift is proposed by companies in RAN1 as indicated in Figure 2.1-2. In this document timing shift is not addressed.
From the LS, eICIC influence on RAN2 mainly on measurement which is restricted on participated resource. Therefore we should have an overview of resource participation for eICIC. Following scenarios are mainly considered in this contribution.
2.1 Resource participation
scenario1:  femto to macro cell
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Figure 2.1-3
In this scenario, we mainly consider the interference from femto cell to macro UE in downlink. When MUE moves across femto cell, downlink MUE will be interfered by femto cell. So once at least one MUE entering the coverage of not allowed femto cell, only odd subframes will fully scheduled as Figure 2.1-1 and the macro cell will not schedule odd subframes of this MUE. Once femto cell change its sbuframe configuration, it will affect all FUE i.e. resource participation for femto cell is cell specific. However for MUEs out of femto cell are not affected by this resource participation i.e. resource participation is UE specific for victim macro cell.
Observation 1: resource participation is cell specific for aggressing femto cell and UE specific for victim macro cell.
scenario 2:  macro to pico
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Figure 2.1-4

In this scenario when MUE move across pico cell, it will handover to pico cell at point B and before handover back to macro cell at point C, this UE i.e. PUE will be interfered by macro cell in downlink. Since the pico cell is collocated with macro cell, all PUEs will be affected by macro cell. So resource participation of victim pico cell is cell specific. Since macro cell can more or less know where pico cell is, though resource participation for macro cell is cell specific logically, those “muted” subframe can still work within limited coverage where pico cell doesn’t cover e.g. within dashed circle in Figure 2.1-4. From modeling point of view, it is also simple to say resource participation is cell specific for macro cell because pico cell could also very close to center of macro cell. If so, we can tell all pico cells within same macro cell should follow same resource participation pattern.
Observation2: resource participation is cell specific both for aggressing macrocell and victim pico cell.
scenario 3, macro + femto + pico cell
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Figure 2.1-5

According analysis in previous two scenarios, macro cell is both aggressor and victim. Assuming macro cell configure odd subframes as “muted” subframes, then UEs within pico cell and femto cell can be scheduled in even subframes. One special case of this scenario is femto cell and pico cell is the same cell physically. That is to say when one MUE is allowed to access the femto cell, then it becomes pico cell logically. And for some other MUEs the it is still femto cell. But even in this scenario same principle can be followed.
Observation3: pico cell and femto cell can be collocated within same macro cell with same resource participation pattern

scenario 4 macro+femto+femto
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Figure 2.1-6

In this scenario two femto cells are overlapped and both are not allowed for one MUE. The resource participation pattern for the two femto cells should be complementary otherwise MUE can’t work within the overlapped area. So when MUE moves across femto cell1 and femto cell2 in sequence as indicated in Figure 2.1-6 then the resource participation of this MUE should be changed accordingly. However if the macro cell is aggressor at the same time then it is not allowed. Even it is allowed, it is also very difficult for macro cell to know when to change the pattern. One potential solution is to introduce two level resource participation: 1st  level is between macro cell and overlapped femto cells and 2nd is between these two femto cells. For example these two femto cells are both configured odd subframes as “muted” subframes. And femto cell1 use part of even subframes as normal subframes while these let subframes are for femto cell2. so as long as the number of overlapped femto cell is few, there is no critical problem in terms of resource participation.
Observation 4: As long as the number of overlapped femto cell is few, there is no critical problem in terms of resource participation and the resource participation is also cell specific.
From above analysis it is clear that TDM solution is also feasible from RAN2 point of view in terms of resource participation. And we also noticed that for femto cell or pico cell the resource participation information is always cell specific, so it is proper to broadcast these information. However for macro cell dedicated signaling could be also one choice e.g. if almost blank subframe approach is agreed. If MBMS subframe approach is agreed, anyway broadcasted information is needed.
Conclusion1: TDM solution is also feasible from RAN2 point of view in terms of resource participation

2.2 Measurement 

2.2.1 Measurement restriction
One issue highlighted in RAN1’s LS [2] is restricting RLM/RRM/CSI measurements. if one MUE has not yet entered femto cell or Pico cell then  even resource participation ( PR) has already configured, measurement scheme of MUE is not affected because no subframe is interfered by aggressor.  
And once MUE access Pico cell or entered coverage of femto cell then measurement scheme in L1 should be changed i.e. UE should only measure those subframes which are not interfered by aggressor when measuring serving cell. That is to say, in scenario 1, the measurement of serving cell for  MUE in femto cell should be restricted on ”muted” subframes of femto cell, and in scenario 2, the measurement of serving cell for pico UE should be restricted on ”muted” subframes of macro cell. 

Proposal 1：UE in low power node’s coverage should restrict its measurement of serving cell on ”muted” subframes of aggressors.

When measuring neighbore cells e.g. aggressor or other macro cells, normal measurement scheme is applied because there is no such interference issue. The question is for co-channel cells, can UE’s measurement behavior different in terms of measuring? 
There are two alternatives for Rel10 UE:

Alternative1: UE only measure “muted” subframes of aggressor on both serving cell and neighboring cell

Alternative2: UE measures according to Rel8/9 but the measurement result of interfered subframes are filtered out in L1

The drawback of alternative1 is resource participation is not always symmetric between aggressor and victim. So if the number of “muted” subframe of aggressor will be even less than 5. And the measurement on co-channel neighboring cell will be also impacted. 
Proposal 2: UE’s measuring behavior on serving cell in L1 should follow alternative 2. 
If available measurement subframes are less compared to Rel8/9, it is questionable whether requirement of measurement can still be met
Proposal 3:  measurement requirement on victim serving cell should be clarified by RAN4 
2.2.2 Mobility analysis
Scenario1:

[image: image7.emf]RSRP

RSRQ

Macro cell femto cell

B C


Figure 2.2-1
For scenario1, when MUE enters coverage of femto cell, the RSRQ of serving cell i.e. macro cell become worse due to interference from femto cell.  Both measurement event based on RSRP or RSRQ could be triggered. Then network will realize that measurement scheme should be taken to avoid false RLF. Once measurement scheme is changed then RSRQ of serving cell become normal. When MUE leaves femto cell another measurement event based on RSRP will be triggered. MUE then can change the measurement scheme back again.
Observation5 : changing of measurement scheme in scenario1 could be done based on normal measurement event. 
Scenario2: 
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Figure 2.2-2
For scenario 2, when UE move close to Pico cell, one measurement event based on RSRP is triggered and reported. Before this event is triggered RSRQ of Pico cell becomes worse because some of the subframe of pico cell is interfered by macro cell. If handover occurs and MUE enter Pico cell i.e. become PUE then macro cell become neighboring cell. The RSRQ of macro cell doesn’t change too much because measured subframes are not changed. But RSRQ of Pico cell is changed marvelously because measurement result of interfered subframes is filtered out. Since this happen after handover, so RSRQ is improved immediately. Then when PUE moves out of Pico cell at point C, PUE handover back to macro cell based on measurement event based on RSRP. Since Pico cell become neighboring cell, RSRQ of Pico cell become normal again.

Observation6 : changing of measurement scheme in scenario2 could be done based on normal measurement event. 
 In scenario 2 since change of measurement scheme is changed after handover is completed, it is quite natural that eNB tell UE to change the measurement mode. In scenario1 however change of measurement mode could be done via two ways:
Alt1: UE does it by itself when corresponding measurement event is triggered

Alt2: eNB tell UE to change it after receiving measurement report

Alt2 is preferred because it is aligned with scenario2. And it is under control of eNB because eNB has more knowledge about the interfering situation. Another point is UE may make MO/MT call when camping in pico cell. And the change of measurement scheme can also be done during the whole procedure because pico cell can be configured in advance by coordination between pico cell and macro cell.
Proposal4: eNB signal to UE to change measurement mode based on normal measurement event
3 Conclusion 

Proposal 1：UE in low power node’s coverage should restrict its measurement of serving cell on ”muted” subframes of aggressors.
Proposal 2: UE’s measuring behavior on serving cell in L1 should follow alternative 2.
Proposal 3:  measurement requirement on victim serving cell should be clarified by RAN4
Proposal4: eNB signal to UE to change measurement mode based on normal measurement event
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