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1. Introduction
In last RAN3 meeting, way forward[1] on correction to X2 Information Exchange for eICIC was agreed, in which the following proposal was presented:
X2 correction for TDM ICIC should be further discussed based on the possible scenario where a UE served by a cell that needs to take measurements on a neighbour cell by means of measSubframePatternNeigh and measSubframeCellList.

Also,it is proposed that in order to appropriately configure measSubframeCellList and measSubframePatternNeigh for the purpose of eICIC measurements, an eNB needs to know the Usable ABS Pattern of its neighbour cells, i.e. the pattern of protected resources used by them in [2].This contribution tries to make some analysis on the issue and gives proposals accordingly.
2. Discussion
2.1. Scenarios
In the way forward[1], the general scenario is that a UE served by a cell that needs to take eICIC measurements on a neighbour cell by means of measSubframePatternNeigh and measSubframeCellList 
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Figure 1: an example HetNet deploy scenario
An example HetNet deployment scenario is illustrated in Figure 1, where macro eNB Macro_1 configures the ABS patterns for both victim pico eNBs Pico_11 and Pico_12 respectively, to mitigate interference. Macro eNB Macro_2 is the neighbouring eNB of Pico_12. 

Scenario #3: 
UE_2, served by Macro_2, is also close to Pico_12. UE_2 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target.

Scenario #4: 
UE_3, served by Pico_11, is also close to Pico_12. UE_3 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target.
2.2. Analysis on the problem
In [2], it is indicated that  in the above scenarios, without the pattern of neighbor cell’s usable ABSs, measSubframeCellList IE and measSubframePatternNeigh IE cannot be properly configured for measurements on neighbour cells.The reason is as follow:
This information is needed to meet RAN4 requirements in TS 36.133, where the measurement pattern indicated to the UE has to be made of subframes free from interference, where measurements in CRE areas up to 9dBs can be performed.
If  understand correctly, the implication is that even no ABS is configured between one Macro/Pico and another Pico which has been configured ABSs by other Macros, UE served by this Macro/Pico should make measurements on its neighbour victim Pico cell only on the usable ABSs. Here, we would like to analyze the consequences if different measurement patterns on the neighbour Pico cell are configured to UE in these  scenarios.

We take scenario 3 as an example. There maybe three alternatives for Macro_2 to configure measurement pattern to UE_2.
1) UE_2 is configured to measure the signaling of Pico_12 only on the usable ABSs.

In this case the measured RSRQ of Pico_12 should be much higher than the average RSRQ. As a result, UE_2 may be handed over to Pico_12 in the CRE area of Pico_12 and these UEs could only be scheduled on the usable ABSs. 
2) UE_2 is configured to make measurements only on the non ABSs.

In the non ABSs, both the signaling and the interference of Pico_12 is the same as what it is before eICIC is implemented. Then the measurement results of its RSRQ and RSRP would keep unchanged which means the handover boundary from Macro_2 to Pico_12 is still as original.UE_2 would not be earlier handed over to Pico_12.

3) There is no measurement restriction configured to UE_2.
If UE_2 measures its neighbor Pico_12 cell in all of the subframes, it means the measurement result would be averaged among all the subframes and would be higher than the value it measures with alternative 2. So, the handover boundary from Macro_2 to Pico_12 would also be changed. However, it would not change too much considering that the number of non ABS subframes would be much bigger than the number of ABS subframes.     

The handover boundaries from Macro_2 to Pico_12 with the above three alternatives could be pictured in figure 2.

[image: image2.emf]Macro_1 Macro_2

UE_2

Pico_12


                                             Figure 2 Handover boundaries  from Macro_2 to Pico_12
To make it clear, only the eNBs and UE involved in scenario 3 are pictured here. The ellipse with blue line is the original coverage of Pico_12 and the broken line indicates the CRE boundary of Pico_12. As analyzed above, the following could be easy inferred:

	
	Handover boundary from Macro_2 to Pico_12
	The time handover is triggered from Macro_2 to Pico_12 
	On which subframes the UE could be scheduled after it is handed over from Macro_2 to Pico_12?

	Measured on usable ABSs
	Green line
	Much earlier than the handover should be triggered when no ABS is configured to Pico_12.
	After UE is handed over from Macro_2 to Pico_12, UE could only be scheduled on the ABSs. However, the ABSs are configured to offload the UE from Macro_1 to Pico_12.

	Measured on non ABSs
	Blue line
	Same as no ABS is configured to Pico_12.
	After UE is handed over from Macro_2 to Pico_12, UE could be scheduled on all the subframes.

	No measurement restrictions
	Red Line
	A little earlier than the handover should be triggered when no ABS is configured to Pico_12.
	After UE is handed over from Macro_2 to Pico_12, UE could first be scheduled usable ABSs. Soon, it could be scheduled on all the subframes.


From our point of view, since Macro_1 configures the ABS patterns for Pico_12 and Macro_2 doesn’t configure ABS pattern, it means when UE_2 served by Macro_2 moves to the CRE area of Pico 12, handover should not be triggered. Only when UE_2 moves to the area around the original boundary of Pico_12 and the handover threshold satisfied that handover trigger, UE_2 should be handed over to Pico_12.

Besides, the reason that Macro_1 configures ABSs for Pico_12 is that it needs to offload UEs to the neighbor Pico_12,if UE_2 from Macro_2 is also handed over to Pico_12 earlier while UE_2 could still be well served by Macro_2,the current usable ABSs may be not enough to afford the UEs. So, we have a different opinion with what is proposed in [2].In our opinion, if it is critical to make accurate measurement in this scenario, alternative 2 should be taken. 
Observation: If it is critical to make accurate measurement on the victim neighbor Pico cell, UE served by non aggressor cell should be configured to measure on the non ABSs of this victim neighbor Pico cell. In this case, UE served by non aggressor cells would not be handed over to the neighbor Pico cell too earlier and thus avoid excessive uses of usable ABSs.
In Rel-10, RAN2 has ever discussed on "neighbour macro cell restriction pattern" to non-ABS in order to have more accurate RSRQ and send an LS to RAN4 for guidance[4]. The reply LS[5] from RAN4 is that “RAN4 has considered unrestricted measurements for aggressor cells and found that for intra-frequency measurements, the concerns on RSRQ measurements are not critical”[3]. 
When discussing about measurement restrictions in RAN2, it mainly concerns on the victim cell and its aggressor cell, so the UE could be handed over to the victim Pico cell from the aggressor cell when it moves to the CRE area of Pico. This is also stated in [2]”This information is needed to meet RAN4 requirements in TS 36.133, where the measurement pattern indicated to the UE has to be made of subframes free from interference, where measurements in CRE areas up to 9dBs can be performed.”It is not discussed that when a non aggressor cell has a neighbor victim Pico cell, whether measurement restrictions should also be made on this neighbor Pico cell. 
As we analyze above, if there is no measurement restriction on its neighbor victim Pico cell, the consequence is just the handover may be triggered a little earlier from the non aggressor cell to victim cell than it is triggered before ABSs is configured from the aggressor cell to the victim cell. There is no other severe impact to the mobility between the non aggressor cell and victim cell. So, similarly, we think before solutions are discussed in RAN3, a LS should be sent to RAN2 to ask if it is critical that the measurement is not very accurate i.e. no measurement restriction is configured on its neighbor victim Pico cell. 
Proposal 1: It is proposed to send an LS to RAN2 to ask for guidance on whether it is critical or not that no measurement restriction is configured on its neighbour victim Pico cell when UE is served by a non aggressor cell.
If the answer from RAN2 is yes, according to the observation, we have the following proposal:

Proposal 2: It is proposed to discuss in RAN3 on which subframes measurements should be taken when UE measures the RSRQ/RSRP of its neighbor victim Pico cell in the above scenarios.
3. Proposal
With above analysis, we have the following proposal:
Proposal 1: It is proposed to send an LS to RAN2 to ask for guidance on whether it is critical or not that no measurement restriction is configured on its neighbour victim Pico cell when UE is served by a non aggressor cell.
If it is agreed in RAN3, we would like to draft the LS to RAN2.
If the answer from RAN2 is yes, then the second proposal from us is as follow:
Proposal 2: It is proposed to discuss in RAN3 on which subframes measurements should be taken when UE measures the RSRQ/RSRP of its neighbor victim Pico cell in the above scenarios.
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