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1 Introduction
The issue of whether to have a PCID range for hybrid cells has been discussed for the last several meetings and in an email discussion since RAN2#66bis [1]. This contribution analyzes the relationship of the PCID split to idle and connected mode mobility procedures. We think the notion of proximity (fingerprint) is central to support of both idle and connected mode mobility. Proximity information is equally applicable to both idle and connected mode mobility procedures. In other words, it would be inconsistent to treat proximity information as critical to inbound handover, but not so important for reselections. 
2 Discussion
Initially, one of the purposes for having a PCID split for hybrid cells was thought to be to avoid unnecessary system information acquisition during autonomous search for reselection.
We had the following input into the email discussion[1]:

As discussed in the meeting, we don’t think this [hybrid cell PCI split] is useful for manual search (occurs relatively infrequently) and is not needed for inbound handover (eNB knows the hybrid cell PCI set).

The rest of this comment focuses on autonomous search. Reselection to a hybrid cell should be like reselection to a macro cell (except when the hybrid cell is on a different frequency and UE is a member of the hybrid cell CSG - we will discuss this more below).

We think that based on the reselection rules defined in release 8, UE will reselect to a hybrid cell correctly if the hybrid cell is on the serving frequency or another frequency with a higher priority (even if the UE is a member of the hybrid cell). If the hybrid cell is on the serving frequency, UE reselects when the hybrid cell becomes the best cell. If the hybrid cell is on a higher priority freq, UE finds the hybrid cell because it is looking for it and reselects to it when it is the best cell on that frequency.

The case where the hybrid cell is on a equal or lower priority frequency needs some further consideration. Even in this scenario, when the UE is not a member of the hybrid cell, UE will behave correctly (in the equal priority case, UE ranks across all equal priority layers and picks best cell, and in the lower priority case, UE stays on the higher priority frequency).

Consider the case where the UE is a member of the hybrid cell and the hybrid cell is on a lower priority freq (f2) than the serving freq (f1). In this case the reselection behaviour should be as if the hybrid cell is an allowed CSG cell for the UE; that is, the UE is expected to treat the CSG cell as the highest priority and reselect to it. However, even in this case, the UE  knowing a hybrid cell PCI range for f2 does not seem to help. UE may not search for cells on f2 because it is on the higher priority frequency f1 without a trigger.

In order to make the UE search cells on f2 and find the UE's hybrid cell, some form of fingerprint is needed. UE can search cells when the fingerprint matches. Furthermore, if the UE detects a cell that matches a PCID stored with its fingerprint, it can read system information of that cell to determine if it is indeed its allowed hybrid cell and hence should be treated as highest priority.

Even in the case where the UE's hybrid cell is on an equal priority frequency, UE will detect its hybrid cell (UE is required to rank cells on equal priority layers). If there is a PCID match and a fingerprint match, UE can read system information.

The remaining case is where the UE's hybrid cell is on an equal or lower priority frequency and the UE does not have a fingerprint (previously unvisited cell). This is the case where there can be a potential benefit - UE can avoid reading SIBs of macro cells if the intention is to look for previously unvisited hybrid cells that are on a lower or equal priority freq.
Based on the above analysis, any benefit of the PCI split is limited to some cases where the UE does not have a fingerprint for its hybrid cell. The “some cases” seems to include only cases where the UE’s hybrid cell (hybrid cell of which UE is a member) is on a lower or equal priority frequency and UE has not visited it before.
In the inbound mobility email discussion [2], triggers for measurement configuration and handover evaluation have been considered. All of the triggers considered are related to use of proximity information. In particular:

· Trigger T-2 enables the eNB to configure inter-frequency measurement based on a fingerprint so UE’s CSG cell or UE’s hybrid cell can be detected.
· Trigger T-3 enables the eNB to instruct the UE to acquire system information of a CSG cell or UE’s hybrid cell based on a fingerprint.
There is substantial interest among companies in both of these trigger proposals, which suggests that use proximity information could be a fundamental aspect of the inbound mobility procedure. We assume that we will have a single procedure for handover to UE’s CSG cell and UE’s hybrid cell; that is, the same triggers will be used for handover to both a CSG cell and UE’s hybrid cell.
So there seems to be a potential inconsistency in the views of some companies when it comes to handover and reselection procedures to hybrid cells. If a fingerprint is needed for handover to the UE’s hybrid cell, then the same fingerprint can be used for reselection to the UE’s hybrid cell. On the other hand some companies may have the opinion that triggers for handover to UE’s hybrid cell should be different from triggers for handover to UE’s CSG cell. We think this would lead to different procedures for the two handovers and we think this is undesirable. Also we have an agreement from RAN2#66bis “Inbound mobility to hybrid cells as open cell is not dependant on UE fingerprint”, which implies that inbound mobility to UE’s hybrid cell is dependent on UE fingerprint.
In summary RAN2 has the following options:

· Agree explicitly that connected mode inbound mobility to UE’s hybrid cell is dependent on a fingerprint. This implies that the same procedure can be used for handover to CSG cell and to UE’s hybrid cell. This does not mean that handover to a hybrid cell of which the UE is not a member is not supported. It just implies that such a handover may not be as urgent or as important as a handover to the UE’s hybrid cell. Also, if there is a UE’s hybrid cell for which the UE does not have a fingerprint, it may not be treated as a UE’s hybrid cell. If this is agreeable then, reselections to UE’s hybrid cell can also be based on a fingerprint, and the hybrid PCI split is not needed.
· Agree explicitly that fingerprint is not needed for inbound mobility to UE’s hybrid cell and to UE’s CSG cell (to ensure that there is a single procedure for handover to CSG cell and to UE’s hybrid cell). In this case, there may be some use for having a hybrid cell PCI split (however, the benefits need to be discussed). This would then require discussion of how handover evaluation and measurement configuration are triggered.
3 Conclusion
We think that if proximity information (fingerprint) is used to support mobility procedures to CSG and hybrid cells, it should be used consistently for both connected mode handover and idle mode reselections. We propose that RAN2 discuss the following two options and agree on one of them:
· Agree explicitly that connected mode inbound mobility to UE’s hybrid cell is dependent on a fingerprint. This implies that the same procedure can be used for handover to CSG cell and to the UE’s hybrid cell. This does not mean that handover to a hybrid cell of which the UE is not a member is not supported. It just implies that such a handover may not be as urgent or important as a handover to UE’s hybrid cell. Also, if there is a UE’s hybrid cell for which the UE does not have a fingerprint, it may not be treated as the UE’s hybrid cell. If this is agreeable then, reselections to the UE’s hybrid cell can also be based on a fingerprint, and the hybrid PCI split is not needed.

· Agree explicitly that fingerprint is not needed for inbound mobility to UE’s hybrid cell and to UE’s CSG cell (to ensure that there is a single procedure for handover to CSG cell and to UE’s hybrid cell). In this case, there may be some use for having a hybrid cell PCI split (however, the benefits need to be discussed). This would then require discussion of how handover evaluation and measurement configuration are triggered.
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