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1 Introduction

At the RAN3#77bis meeting, in the context of applying time-domain ICIC (TD ICIC) in HetNet scenario, RAN3 discussed how to configure RRM measurement resource restriction for neighbour cell list. Solutions were provided in [1] and [2] that a victim eNB is allowed to report usable ABS pattern information to its neighbour eNBs other than the aggressor eNB. The endorsed way forward on this issue is recited as below [3]:
	Proposal 1:  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.
Proposal 2:  Any possible correction on this topic should be introduced in Rel-11 onwards. 


In this paper, we summarize the scenarios where RRM measurement resource restriction for neighbour cell list may be applied and evaluate whether any further enhancements to X2 interface are needed. 
2 Discussion
2.1 Considerable scenarios
Up to 4 scenarios, as shown in Fig.1, have been discussed in [2], among which scenario #3 and #4 were considered as problematic.    
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Fig. 1: an example HetNet deploy scenario [2].
Actually, noting the relationship between interfering and interfered cells, we recommend that the considerable scenarios can be the followings:
•
Scenario A: Measuring serving aggressor cell

•
Scenario B: Measuring intra-frequency neighbouring aggressor cells

•
Scenario C: Measuring served victim cell
•
Scenario D: Measuring intra-frequency neighbouring victim cells

Note that TD ICIC has no remarkable impact on RSRP measurement and only the accuracy of RSRQ measurement needs further considerations in case of no resource restriction is applying.
2.2 Scenario A & B
With respect to the scenario A & B, the issues have already been resolved by RAN2 and RAN4. More specifically, in [4] RAN2 asked for RAN4’s opinions on the following concerns and potential solutions:
In RAN2 discussion the following exemplary additional measurement restrictions were considered potential solutions if the concern raised on RSRQ measurement accuracy is valid.
•
Measuring serving aggressor cell only in non-ABSs

•
Measuring intra-frequency neighbouring aggressor cells only in non-ABSs

•
Measuring inter-frequency neighbouring aggressor cells only in non-ABSs
Correspondingly, RAN4 concluded the intra-frequency cases in [5] stating that:
[RAN2 Question]: Is the concern on RSRQ measurement as described in this LS valid?
[RAN4 Response]: RAN4 has considered unrestricted measurements for aggressor cells and found that for intra-frequency measurements, the concerns on RSRQ measurements are not critical. It is noted that RAN4 would develop requirements and test cases, so that consistent UE behaviors would be achieved in the scenarios addressed in the RAN2 LS. 

As for the inter-frequency case which is not explicitly related to the discussion in this contribution, RAN4 also concluded that the RSRQ measurement inaccuracy when measuring without restricted subframe is not critical and can be averaged by UE implementation [6]. 
In summary, for scenarios A & B, the resource restriction is not mandatory for RRM measurement on serving and neighbouring aggressor cells. Therefore, the scenarios A & B shall be excluded from the discussion.
Proposal 1: The scenarios A & B shall be excluded from the discussion.
2.3 Scenario C 
Scenario C represents measuring the victim cell by UE in aggressor cell. It is quite straightforward to understand the single-aggressor scenario. When the aggressor cell offers the protected subframe resource pattern (i.e. ABS pattern), it also recommends the Measurement Subset pattern for configuring UE to measure the victim cell, since the aggressor cell foresees that those subframes are likely to be ABSs over long term and therefore suitable for RRM measurements. 
As for the case of multiple interfering cells, it is not difficult for the aggressor cells to deduce the proper resource restriction pattern. Note that 

-
For the deployment scenarios where common subset for ABS patterns from multiple interfering cells is desirable, OAM configuration ensures that a ‘common subset’ exists between the ABS patterns of those interfering cells [7].

And dynamically, 
· Aggressor cells will recommend measurement subset pattern to the victim cell, and

· The victim cell can report its usable ABS pattern information to multiple aggressor cells [7].

With the abovementioned manners, in different aggressor cells the understandings of the resource restriction of RRM measurement on served victim cell can be converged. Therefore, we conclude that for scenario C the existing X2 signalling can suffice the requirements of applying RRM measurement resource restriction.

Proposal 2: For scenario C, the existing X2 signalling can suffice the requirements of RRM measurement resource restriction.
2.4 Scenario D
The meaning of scenario D is that the victim cell is not interfered by a cell with whose UE is measuring the victim cell. The non-aggressor cell can be:
· A neighbouring victim cell;

· A neighbouring macro cell without intention to offload its UEs to the CRE region of the victim cell. 
· In other word, the CRE mechanism is not applied. 

For the first case, the measured and the measuring victim cells are most likely to be interfered by the same aggressor cell. In this case, they would share the same protected ABS resources offered by the aggressor cell, and the same measurement subset pattern recommended by the aggressor cell. Therefore, a victim cell can simply reuse the recommended measurement subset pattern for measuring its neighbouring intra-frequency victim cells. Moreover, even in the worst case that the common measurement subset pattern is unavailable, in which case the measurement result is “too pessimistic”, the handover performance is still acceptable. Because the UE can still be handed over to the macro cell layer, although the handover decision towards a victim cell is deferred.
For the second case, the measurement shall be performed without any restricted subframes. Since that between the pair of the cells that CRE mechanism is not enabled, the neighbouring non-aggressor cell would not provide protected ABS resources to the victim cell, and correspondingly, shall configure the measurement on the victim cell without any resource restrictions. Otherwise, the inaccuracy of RSRQ measurement would be non-zero, i.e. too optimistic, which may incur Too Early HO between the pair of the cells.
The above discussion shows that RRM measurement resource restriction shall not be applied in case of measuring a victim cell from neighbouring non-aggressor cells. This also indicates that there is no need for further enhancement on X2 interface for TD ICIC in the context of scenario D. 
Proposal 3: There is no need for further enhancement on X2 interface in the context of scenario D.
3 Conclusion

In our point of view, regarding the above-enumerated scenarios, the existing X2 signalling methods for TD ICIC can guarantee the RRM measurement performance, i.e. RSRQ accuracy. Based on the above discussions, we propose that:
Proposal 1: The scenarios A & B shall be excluded from the discussion.
Proposal 2: For scenario C, the existing X2 signalling can suffice the requirements of RRM measurement resource restriction.
Proposal 3: There is no need for further enhancement on X2 interface in the context of scenario D.
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