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1. Introduction
There is an email discussion about the measurement restriction of eICIC after RAN2#71bis.  The contribution provide further discussion on scenarios, restriction signalling and restriction change mechanism.
2. ABS allocation
According to baseline in e-mail discussion, ABS is configured to protect “weak” cell which is concerned by UE. Given major purpose of RRM measurement is to support IDLE/CONNECT mobility, serving cell and the strongest neighbour cell which could be mobility candidate or interference  are the most important cells and their measurement should be protected if they are severe interfered. Table1 summarized the potential aggressors for victims respectively.
	victim
	potential aggressor

	macro
	femto 

	pico
	femto,  macro(if CRE is configured)

	femto
	no


Table1 relationship between victim and aggressor 
Figure1 shows ABS allocation and potential measurement timing for different cells in case of mixed scenario based. Interfered subframes are filled in grey, non-interfered subframes in green. ‘Empty’ almost blank subframes are configured in macro and femto also configured ABS overlapped to provide an interference free tunnel for pico cell. Further more, additional ABS subframes need to be configured in femto to protect macro cell. 
UE can perform measurement on non-interfered subframes and ABS subframes where CRS are retained. And eNB can safely schedule UE in non-interfered subframes subframe.
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Figure 1 ABS allocation

	Measurement of macros
	Measurement of picos
	Measurement of femtos

	Femto’s ABS 
	Macro’s ABS  (subset of Femto’s ABS)
	No resource restriction needed


Table2 Measurement restriction
3. Scenario
3.1. Baseline
Generally, there are two types of UE considered in eICIC scenarios: PUE and MUE. If there is no assumption on network topology i.e. UE would assume potential aggressor could exist when measuring victims. Based on table2 described above, PUE and MUE could apply measurement restriction on serving cell and neighbouring cell as table3.  

	
	Serving cell measurement 
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE 
	Macro’s ABS  
	Femto’s ABS  
	Macro’s ABS(subset of Femto’s ABS)
	No resource restriction needed

	MUE
	Femto’s ABS  
	Femto’s ABS  
	Macro’s ABS(subset of Femto’s ABS)
	No resource restriction needed


Table3 Measurement restriction for PUE and MUE
Due to no pre knowledge on existence of aggressors, UE have to act pessimistically to retrieve accurate measurement result, i.e. assume all aggressors could be possible located in proximity of UE. 
Measurement performance requirement is studied by RAN4, and nowadays have no result of whether or how much measurement restriction in table3 would affect UE’s performance. If RAN4 reach consensus that restriction would degrade measurement performance, further relaxation on restriction is thought below.
Proposal1: Take measurement restriction in table3 as a baseline.
3.2.  Restriction relaxation
Although RAN4 has not conclusion on performance degradation of measurement restriction, we could still think about possible optimization from baseline proposed in section 3.1.
The mainly idea behind the restriction relaxation is if certain aggressor could be excluded, UE can relax it corresponding ABS configuration for measurement. Aggressor existence could be known by eNB from the configuration of network planning or detected by UE’s measurement. For example UE could be notified by blacklist in which cell’s ABS should not be considered, and UE could relax certain aggressor’s measurement restriction if measurement shows that aggressor is not in proximity.
More specifically, macro and femto is treated as aggressor in table1. 
Femto is mainly uncoordinated deployed and could not detected by UE’s measurement. If PUE or MUE can not detect femto cell, there is no need to restrict measuring in femto’s ABS. 
Macro only is considered as aggressor when UE in pico’s CRE is configured. For example, MUE could use macros’s ABS from macro better than pico 23dB or PUE could start to macro’s ABS restriction from pico macro better than pico 0dB for bias from 20dB to 3dB treated as CRE coverage. If CRE is not configured, macro’s ABS is not needed.
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	Figure2 femto’s ABS start/stop
	Figue3 macro’s ABS start/stop 


The two type’s aggressors could form four combinations for PUE and MUE respectively. In other word, there are two type aggressors potential would impact UE’s measurement, and existence of the two type aggressors is independent. For one type of interference,  there are two cases: interference exist,  interference not exist.  When interference exist, UE should use the corresponding ABS configuration. Given total have two type of interference,  we only need to consider four cases.

Below analysis based on assumption macro’s ABS is subset of  femto’s ABS in section2, the intersect set of macro’s and femto’s ABS is equal to macro’s ABS.
Case 1) pico and macro are interfered by femto, pico’s CRE is interfered by macro,  i.e. UE in  femto’s coverage and pico’s CRE proximity, baseline
	
	Serving cell measurement 
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE 
	Macro’s ABS  
	Femto’s ABS  
	Macro’s ABS 
	No resource restriction needed

	MUE
	Femto’s ABS  
	Femto’s ABS  
	Macro’s ABS
	No resource restriction needed


Case 2) pico and macro are not  interfered by femto, pico’s CRE is interfered by macro,  i.e. UE out of femto’s coverage and  in pico’s CRE proximity, only macro’s ABS needed
	
	Serving cell measurement 
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE 
	Macro’s ABS  
	No resource restriction needed
	Macro’s ABS
	No resource restriction needed

	MUE
	No resource restriction needed
	No resource restriction needed
	Macro’s ABS
	No resource restriction needed


Case 3) pico and macro are  interfered by femto, pico is not interfered by macro,  i.e. UE in femto’s coverage and out of  pico’s CRE proximity or CRE is not configured, only femto’s ABS needed.
	
	Serving cell measurement 
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE 
	Femto’s ABS  
	Femto’s ABS  
	Femto’s ABS  
	No resource restriction needed

	MUE
	Femto’s ABS  
	Femto’s ABS  
	Femto’s ABS  
	No resource restriction needed


Case 4) pico and macro are not interfered by femto,  pico is not interfered by macro,  i.e. UE out of  femto’s coverage and pico’s CRE proximity or CRE is not configured, no resource restriction needed
	
	Serving cell measurement 
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	PUE 
	No resource restriction needed
	No resource restriction needed
	No resource restriction needed
	No resource restriction needed

	MUE
	No resource restriction needed
	No resource restriction needed
	No resource restriction needed
	No resource restriction needed


Proposal2: If relaxation on measurement restriction is needed, RAN2’s should take above analysis into consideration.
4. ABS configuration optimization
In e-mail discussion, 3 approaches are proposed to configure ABS. In our understanding, if there is no requirement concern from RAN4, there 3 approaches are mainly different in signalling overhead.
Approach 1(resource restriction per PCI or PCI group) is the basic method to configure ABS which has the biggest overhead. Approach 2(Single resource restriction for serving and neighbours) is the optimal, only intersection set of all ABS allocation for serving cell and all neighbouring cell is used.  Approach 3’s overhead (two resource restrictions, one for serving and the other for neighbours) better than approach1 and worse than approach2, serving cell’s ABS is the same as approach1 and the intersection set of ABS allocation for neighbouring is used for neighbouring cell.
Besides signalling overhead, optimistic ‘fake’ RSRQ of serving cell in approach2 is raised as another difference from approach1/3. More specifically, it result in MUE out of femto’s coverage and in pico’s CRE proximity and PUE in femto’s coverage and out of  pico’s CRE proximity measurement unreal optimistic RSRQ for serving cell. 

So far RAN4 has not concluded whether new measurement requirement are needed for measurement on limited resource And. it is also not clear from the RAN1’s LS R2-105282/R2-105991 how much the impact is and optimistic RSRQ is higher or lower than real one.
Proposal3: Take approach1 as signalling baseline, after RAN4 clarified the restriction impact we can think about optimization.

5. Measurement resource restriction change and trigger
If baseline in section3.1 need to relax according to different radio condition as depicted in section 3.2, it seems reasonable to assume that the measurement recourse restriction change base on UE’s measurement. Theoretically, there are two way forwards:

1) Network could notify UE change measurement resource restriction by UE’s measurement report:

The existing measurement event (e.g. A3 on RSRP) can be used to identify femto’s interference. After CSG membership check (SI acquisition for in-bound mobility), the serving eNB can reconfigure femto’s resource restriction. The existing measurement event (e.g. A3 on RSRP) with a bias can be used to detect whether UE approaching pico’s CRE. As shown in Figure3, when MUE and PUE meet 23dB and 3dB bias respectively, a measurement report is send to eNB, then eNB could start macro’s ABS restriction on pico.
2) UE autonomously change measurement resource restriction when certain radio condition is met.

Initially, without measurement, eNB and UE both can not decide radio condition is coincident to which case described in section 3.2. For example, UE could pessimistically assume it is in case1 i.e. both pico CRE and femto are nearby.  eNB may configured both macro and femto’s ABS to UE. After some measurement, UE can make sure where it located, and whether it is in proximity of femto and pico’s CRE, and UE can autonomously disable corresponding measurement restriction if aggressor is not there.  Obviously this way forward can be used in IDLE, too.
Proposal4: RAN2 decided whether network based or UE based restriction change could be adopted.
6. Conclusion
Proposal1: Take measurement restriction in table3 as a baseline.
Proposal2: If relaxation on measurement restriction is needed, RAN2’s should take above analysis into consideration.
Proposal3: Take approach1 as signalling baseline, after RAN4 clarified the restriction impact we can think about optimization.

Proposal4: RAN2 decided whether network based or UE based restriction change could be adopted.
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