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1 Introduction
At RAN3 #81 a problem was defined related to cell splitting / merging: cell splitting and merging may pose the risk for connected UEs, or UEs being handed over to the cell. In this paper we analyse the part related to the intra-eNB mobility, i.e.:

a)
Radio link failures in the splitting/merging cell


Once the cell splitting is triggered, the eNB controlling the cell to be split may not yet know exactly which UEs will be impacted. Therefore, it may not be able to initiate a handover for some UEs accordingly before the cell splitting action. Even though such UEs could be identified and assuming that these UEs are in active mode while the cell splitting occurs, it is not guaranteed that a suitable target cell for handover is available. Consequently, these UEs may experience an RLF.


In addition, some UEs served by the cell for which the PCI is unchanged before and after a splitting/merging action, they may also experience an RLF if the interruption time due to cell splitting/merging is too long (e.g., longer than the RLF detection related timer T310).


Moreover, once the cell splitting is triggered a large number of UEs may have to be in handover procedures. Therefore, this solution may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment.

2 Discussion

2.1 The scope of the problem
The problem may be divided into three elements:
1. Providing coverage for the UEs that are connected to the cell that is to be split

2. Time needed for reconfiguration

3. Intra-cell interference due to high RACH activity (mass HOs)

The first problem is defined based on the assumption that at the moment of cell splitting the coverage of the cell is shrunk in order to make space for the new sector/cell. Such implementation of the procedure indeed means the eNB must find appropriate HO target for the UEs in the area – and it may be wrong twice: when selecting the UEs and configuring the targets. However, this implementation is not necessary: AAS antennas enable creating a new cell/sector while maintaining the coverage of the existing one. This implementation creates no problem from the interference point of view, because initially the newly created cell/sector is empty. This enables the UEs to report HO opportunity based on regular measurements and thus execute the HOs naturally. Only once the first set of UEs is transferred to the new cell/sector the eNB may shrink the old one. This way there is no risk of failures due to eNB having to select HO targets blindly.
The same applies to cell merging: there is not obstacle to perform cell merging by enlarging the coverage of the cell/sector that is to stay, configure the UEs to HO to that cell if possible and only then switch off the cell/sector that is already empty.

Proposal 1: The 1st part of the problem description occurs only in case of particular implementation. This can be easily avoided and thus the problem shall be removed.

The problem related to the possible delay caused by AAS reconfiguration is based on the assumption that between switching off the coverage of the existing cell and switching on the new cell there may be a time gap, which is longer than the time allowed for the UE to stay out of synch. This assumption is not valid, though: technically, AAS reconfigurations, at the radio level can be done at TTI scale (this is used for beam forming, for example). Therefore, in properly implemented system, where the AAS configurations are pre-planned there will be no gap at all.
The same applies to cell merging: the procedure happens at the TTI timescale, so there is no gap in radio availability.
Proposal 2: The 2nd part of the problem description is not correct, because AAS reconfigurations may technically be executed at TTI timescale. Therefore, the problem shall be removed.

The last paragraph of the problem description addresses the fact that once a new cell/sector is activated, the UEs configured to report HO opportunity to this cell/sector may be handed over in a short time thus creating high interference due to RACH access and possibly RACH collisions. This problem is indeed valid and must be tackled appropriately. 
2.2 Possible solution to the problem
The handover or cell change mechanisms are designed for normal user mobility where another cell becomes best serving cell and the corresponding handover is triggered by UE measurements. Based on traffic or network policies the network side can also force a handover. Irrespective of the handover cause, the handover needs to be prepared (i.e. the UE context must be available and resources must be reserved at the target cell when the UE accesses the target cell. For the UE handover execution starts upon receiving a RRCConnectionReconfiguration message containing a mobilityControlInfo IE from the source eNB and is completed by sending RRCConnectionReconfigurationComplete message to the target eNB. The handover process obligates a RACH based connection setup even though the RACH may be a contention-less one. The process is the same irrespective of an intra-eNB or inter-eNB handover. Therefore, the normal handover is inappropriate for a fast group handover, as needed for dynamic deployment changes.
Normal HO procedure is presented in Fig.1:
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A fast activation/deactivation of secondary serving cells (SCells) in addition to the primary serving cell (PCell) for a dedicated UE is part of the carrier aggregation (CA) feature specified in 3GPP [1]. In case of co-located CA the SCell activation can be performed without RACH, since channel conditions and timing advance are the same irrespective of the cell serving the UE. Activation of SCell is not a handover, since all relevant information administering the connection (incl. NAS part) is done by the PCell. Changing the PCell would be normal handover with RACH as described above. A fast RACH-free PCell handover suitable for group handover which is needed here is missing.
The same can be applied to cell splitting/merging, since in this case also the new and the old cell are served from the same antenna. The new cell created in case of cell splitting is served by the same antenna and the same eNB, i.e. the UEs irrespective of the serving cell experience the same link property with respect to channel condition and timing advance. This property allows synchronization with the new cell without RACH and can be used for a fast group handover. That is, the UEs are prepared to get immediately synchronized with the new cell(s) without running in any RACH shortages.
Also, based on the network knowledge, the new PCI of the new cell is known before its activation. Therefore, the cell can be already listed as new neighbor of the old cell in the eNB and the measurement objects of all UEs currently served can be updated, including the corresponding CIO being used when triggering a measurement event. With activation of the new cell, its reference signals (RS) can be detected and due to the update of the measurement object the measurement events with respect to the cell are properly triggered. The UEs detecting RS are reporting a measurement event indicating handover to the new cell. Now, instead of initiating a normal handover procedure the corresponding UEs are pre-configured with RRCConnectionReconfiguration message containing the required system information of the new cell which is normally acquired from BCH as well as all other information which is needed for a fast RACH-free handover. With completion of the reconfiguration the lower layers of the UEs are prepared such that each UE is informed via PDCCH about DL/UL grants in the new cell and from which TTI on the new cell has to be used. With this approach all UEs having the inner sector as best server can be simultaneously handed over to the new cell shortly after the activation.

Proposal 3: The problem related to the group HO of large number of UEs can be resolved in a similar way as the RACH-free activation of SCell for CA.
3 Summary and proposals
In this paper we have analysed the problem defined at the last meeting and related to providing connection continuity in case of AAS-based cell splitting/merging. It has been shown that such reconfigurations can be done in steps, which enables smooth transition from one state to the other. Furthermore, there is no discontinuity at the radio, so there is no gap that could cause connection failures. The problem part related to the mass HO of connected UEs is confirmed, but it is shown it can be resolved if already known RACH-free access is used (which is technically possible in case of cells using the same antennae sets). This is captured in the three proposals in the paper:
1) The 1st part of the problem description occurs only in case of particular implementation. This can be easily avoided and thus the problem shall be removed.

2) The 2nd part of the problem description is not correct, because AAS reconfigurations may technically be executed at TTI timescale. Therefore, the problem shall be removed.

3) The problem related to the group HO of large number of UEs can be resolved in a similar way as the RACH-free activation of SCell for CA.
It is also proposed to capture the conclusions in the TR [2] in the form of the text presented below.
4 Text proposal

	*** First change ***


4.2.1
Connection failures due to cell splitting/merging

Problem description:

a)
Radio link failures in the splitting/merging cell




Once the cell splitting is triggered a large number of UEs may have to be in handover procedures. Therefore, this solution may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment.

b)
Incoming handover failure and consequent re-establishment failure


Handover preparation may be triggered by a neighboring eNB to the cell to be split/merged before the cell splitting/merging action. When the UE tries to access the target cell, the target cell may have changed due to cell splitting/merging. This handover may fail due to unsuccessful access. Soon the UE attempts to re-establish the connection in the best cell, it would fail due to lack of re-establishment information for this cell.
Solutions:

In case of cell splitting/merging, the coverage of the cell that is to shrink (cell splitting) or to broaden (cell merging) may be overlap temporarily with the split cell. This way coverage continuity is provided, but in order to avoid possible failures when UEs need to be handed over in large numbers (mainly due to interference and/or collisions at RACH), following solution may be applied:

Solution 1a: In case of cell splitting the new and the old cells are using the same antenna units. Also in case of merging, the cells to be combined are using the same antenna. Therefore, the RACH access phase can be eliminated and the UEs reporting a new cell may be provided, in the RRCConnectionReconfiguration, with the system information needed to set up connection to the new cell. With completion of the reconfiguration the lower layers of the UEs are prepared such that each UE is informed via PDCCH about DL/UL grants in the new cell and from which TTI on the new cell has to be used. With this approach all UEs having the inner sector as best server can be simultaneously handed over to the new cell shortly after the activation.
	*** Remaining text not changed ***
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