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1
Introduction
This paper discusses potential issues linked to UE mobility in HetNets composed of eNBs from different vendors, in line with the objective for the "SON for UE types" task agreed by RAN3#79bis [1]. Because some issues presumably would be linked with the usage of the X2 Mobility Settings Change procedure, we discuss the link between Cell Range Extension and the parameter Handover Trigger Change supported by this procedure. We also provide a short qualitative discussion related to the stability condition in scarce and dense HetNet scenarios. 
2
Discussion
The following text proposal was agreed by RAN3#79bis [1]:

"According to current specifications, differentiation of mobility settings is possible. The objective of the “SON for UE types” task should be to evaluate if differentiation of mobility settings mechanisms can cause interoperability issues and if yes, to evaluate solutions for them. 

Any solution should bring sufficient improvements to inter vendor interoperability and it should be robust and future proof. Such solutions should not unnecessarily limit the flexibility available in current systems for assigning different policies to UEs or UE groups."

During discussions so far, including Rel-9 discussions on the Mobility Settings Change procedure on X2, it seems to be common understanding in RAN3 that the term "mobility settings" embraces all parameters and algorithms used by an eNB implementation to determine the triggering point for mobility action (handover or idle mode mobility) as well as the mobility target. 

2.1
Rel-9 scenario
For this reason RAN3 avoided in Rel-9 to define signalling for any absolute value of the Handover Trigger, however a description was provided in TS 36.423 for the purpose of clarifying the semantics of the Handover Trigger Change which is the parameter negotiated between eNBS in the Mobility Settings Change procedure:
"The Handover Trigger corresponds to the threshold at which a cell initialises the handover preparation procedure towards a specific neighbour cell."
The setting of the Handover Trigger for a given UE may therefore depend on implementation dependent choices, that could take into account e.g. UE capabilities or the type of service provided to the UE. As a logical consequence, for macro cell scenarios as discussed in Rel-9, the negotiated Handover Trigger Change will constitute an offset to be applied on the UE specific Handover Trigger. An underlying assumption for the mechanism was that the applied hysterisis (which may be visually seen as the distance between handover triggering points of adjacent cells – cf. Fig. 1) would be sufficient to avoid ping-pong handovers. However an implementation would be free to adjust the hysterisis as a trade-off between RLF avoidance (by rapidly executing the handover) and the risk for ping-pong.
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Figure 1: Mobility between overlapping macro cells as considered for the Rel-9 Mobility Settings Change procedure.
It should also be mentioned that the Rel-9 Mobility Settings Change procedure also allows the eNBs to negotiate the modification of the hysterisis value by proposing asymetric updates in the eNB1 Mobility Parameters and eNB2 Proposed Mobility Parameters IEs. However only overall increase/decrease of the applied hysterisis values were made available, and no support was provided for negotiation of UE specific hysterisis values (which would have required some sort of UE grouping).

The above mentioned mechanism represented an intra-LTE intra-frequency load balancing solution based on the expansion/retraction of cell sizes. This solution came on top of the possibility to direct UEs to other LTE carriers (intra-LTE inter-frequency load balancing), or to other RATs (inter-RAT load balancing).

2.2
Scarce HetNet scenario

A new dimension of intra-LTE inter-frequency load balancing was introduced in Rel-10 with enhanced support of small cells providing extra capacity in co-channel deployment on macro cells whose primary role became to ensure coverage. The introduction of the backwards compatible Almost Blank Subframe (ABS) allowed a Rel-10 network to apply an offset not going beyond a few dB (RSRP measurement of candidate target cell vs. RSRP measurements of the serving cell) for legacy UEs (Rel-8/9).  When this offset was applied by a small cell to extend its coverage such offset was called Cell Range Expansion (CRE). Rel-10 UEs supporting RSRP/RSRQ measurements on restricted subframes (where the CRS was not subject to PDSCH interference due to ABS settings) could be allowed an offset (CRE) of additional 5 dB. And finally a Rel-11 network may apply an offset of further additional 4 dB for Rel-11 UEs that are capable of CRS interference cancellation.
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Figure 2: Mobility between small cell and macro cell. The Cell Range Extension can be negotiated between the macro cell and the small cell depending on the load condition in both cells. The maximum Cell Range Extension value a UE can support will depend on its release and capabilities.

On this background, and because of what we believe is common understanding that the X2 Mobility Settings Change procedure could be used in the HetNet scenario, it would be beneficial to discuss further the link between the CRE and the Handover Trigger Change IE. At first sight this parameter, as defined in Figure 2, may be understood to be similar to the Handover Trigger Change value as seen by the eNB controlling cell B (or the negative Handover Trigger Change value as seen by the eNB controlling cell A), provided that the initial handover trigger corresponds to the border where RSRPA=RSRPB (represented by a circle in Figure 2). As indicated in Figure 2 the eNBs would additionally apply some delta for the purpose of introducing hysterisis.
While it seems clear from Rel-9 that the Handover Trigger Change values are meant to be specific for a given cell pair, and hence applicable to all UEs served by those cells, it is also clear from the above that UEs will have different CRE capabilities. The size of the CRE zone as depicted in Figure 2 could therefore be considered as UE dependent. As discussed during RAN3#79bis, compatibility with the cell-pair-specific Handover Trigger change would require an extra level of abstraction by introducing  a "negociated CRE" value, which could correspond to the best-performing UEs, but could still be seen as a cell-pair-specific parameter by representing an outer CRE circle. It would then need to be analysed whether different eNB implementations could consistently handle different UE specific "applied CRE" values, according to the UEs capabilities.
The notion of "negotiated CRE" can be further explained by taking as an example an eNB1 requesting a reduction of the Handover Trigger in eNB2 by 3 dB. Current setting ("negotiated CRE") in eNB2 is 10 dB. If accepted the new setting of the "negotiated CRE" in eNB2 will become 7 dB. It is clear that the negotiation procedure in this example will not have any impact on Rel-8/9 UEs.

Observation 1: A cell-pair-specific CRE parameter, compatible with the cell-pair-specific Handover Trigger Change, would require an extra level of abstraction by introducing  a "negociated CRE", which would typically correspond to the best-performing UEs' maximum acceptable handover offset. In addition implementations would need to handle UE specific "applied CRE" values.
Proposal 1: RAN3 to further study introduction of a cell-pair-specific "negociated CRE" parameter.

Furthermore the CRE zone could additionally be seen as a result of mobility or offloading strategies implemented in the eNBs. The particular HetNet topology would in fact allow far less symetric strategies than the adjacent macro cell scenario considered in sub-section 2.1. For example, because Cell Range Extension will not apply to idle mode UEs, and UE speeds and trajectories (which may be tangential to the small cell border) will in many cases not be known to the eNB, the macro eNB controlling cell A could use the following strategy in a case where offload to the small cell is seen as beneficial but short stays (high frequency of handovers) should be avoided as far as possible:
· An intially idle UE1 located in the UE-specific CRE zone, performing RRC Connection Setup to the macro cell A will be immediately handed over to the small cell B. Provided consistent handling of UE specific CREs by the small cell, this ensures stationary UEs to be served by the small cell for the duration of the call. 
· UE2 in connected mode entering the CRE zone is not handed over immediately. The macro eNB will only hand it over if it goes so far into the small cell that there is risk for losing the connection with the macro cell. The majority of mobile UEs will hence be preferentially handled by the macro cell.
In the example above no inter-vendor inter-operability issue would be expected for UE2, independently of the mobility- or offloading strategy implemented in the eNB controlling the small cell. However there is some risk that the UE1 could be ping-ponged back again to cell A. In that case the Mobility Settings Change procedure, operating on the cell-pair-specific "negociated CRE" value would probably be inefficient. This case might therefore create a need to extend the X2 functionality to support intra-LTE ping-pong, probably by enhancing the Handover Report procedure. In the present scenario the macro eNB could then initiate such enhanced Handover Report procedure towards the eNB controlling the small cell.

Proposal 2: RAN3 to further study extension of the X2 functionality to support intra-LTE ping-pong.
The opposite extreme would be parameter settings in the eNB controlling the small cell retaining a UE too far out in the CRE region, leading to RLF. However the latter scenario is in our view covered by existing MRO (too late handover), and automated corrective action is therefore possible.
Observation 2: A UE that is kept in the small cell too far out in the CRE region will experience RLF followed by reestablishment in the macro cell. This scenario will be detected by existing MRO (too late handover).
2.3
Dense HetNet scenarios
Rel-12 discussions concerning dense HetNet scenarios have started in RAN1 and RAN2, and we don't exclude such scenarios will need to be considered also in RAN3 work. Dense HetNet scenarios may lead to unstable conditions ("ping-pong") involving more than two cells. The error situation in Figure 3 below, where the UE oscillates between cell A, B and C, is due to CRE settings being set differently for the {A,B} cell pair and the {A,C} cell pair. 
When looking at this kind of scenarios, the RAN3 analysis may also need to take into account that an implementation could choose to apply the Mobility Settings Change procedure between the small cells (cell B and cell C).
In the scenario in Figure 3, ping-pong detection based on existing X2 principles may not be sufficient for the network to establish stable operation by correcting the root cause.

Proposal 3: RAN3 to further study CRE scenarios for dense HetNets and evaluate solutions that can ensure stable operation. 
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Figure 3: Example of dense HetNet scenario. At the indicated handover point from cell B to cell C, cell C (which doesn't use CRE) will handover the UE to the macro cell (cell A), which will again handover the UE to cell B.
3
Conclusion
We have discussed vendor inter-operable mobility in scarce and dense hetnet scenarios, and provided the following proposals:
Proposal 1: RAN3 to further study introduction of a cell-pair-specific "negociated CRE" parameter.

Proposal 2: RAN3 to further study extension of the X2 functionality to support intra-LTE ping-pong.

Proposal 3: RAN3 to further study CRE scenarios for dense HetNets and evaluate solutions that can ensure stable operation. 
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