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1 Introduction
At RAN3 #81-bis some problems around service continuity during AAS-enabled cell deployment changes, like cell splitting / merging, have been discussed [1], [2], [3]. However, in case of AAS-enabled cell splitting the most critical aspect is not the handover triggered by UE movement, but the cell change triggered by the cell splitting procedure. All UEs in the dominance area of the new cell need to be handed over from the original cell to the new cell. A solution for such mass handover exploiting the specific AAS-related properties has been also presented [4].

In this contribution, we will discuss the needs of a synchronized handover as well as the specific AAS-related properties that both the new and the original cell are served from the same eNB and antenna.
2 Discussion

2.1 The need of synchronized mass handover
Normally, UEs are moving and leaving the serving cell which requires a handover to the new best serving cell. With cell splitting the deployment is changing and simultaneously with the cell splitting procedure all UEs(irrespective of moving) in the dominance area of the new cell need to be handed over, i.e. a large set of UEs has to be handed over concurrently with the changing of the deployment. 
At RAN3 #81-bis several methods to handle network deployment changes were discussed [1], [2], [3]. In general, the simplest solution was to use additional frequency layer, possibly other RAT, to “store” UEs while the cell is reconfigured. However, this may not be desirable due to load or not even possible if such overlaid coverage is not available. In that case, assuming RS-IC capable UEs (mandatory since Rel.11) and sufficient margin of transmission power at the eNB, the new cell can be activated without causing interference to the UEs in the dominance area of the new cell as long as the cell is empty. The reference signal interference is mitigated by interference cancellation means of the UEs, and the other PRB are not in use as long as no UEs is served in the cell. An interference problem (accompanied with RLFs) occurs when some of the UEs are served by the new cell while there are still some UEs in the coverage area being served by the original cell. This problem occurs when not all UEs are handed over simultaneously or some moving UEs coming from other cells are handed over to the new cell. Therefore, to keep the cell empty and to avoid this interference issue also all other handovers of UEs from other cells should be also prevented until the group handover has been completed.
2.2 Deficiencies of normal RACH based handover
The normal RACH based handover is carried out using dedicated RACH preambles for contention-less access. A cell has maximum 64 RACH preambles which are separated into different groups. One of these groups is that of dedicated preambles for contention-less access which is normally much smaller than that for normal first contention-based access.
Example for simultaneous handover using normal RACH-based approach:

Let’s assume that 20 preambles are assigned for contention-less access and 30 UEs are within the dominance area which have to be handed over. 10 UEs do not get a dedicated preamble and have to use one of the normal contention-based preambles. Contention might delay the handover completion of some UEs which start to suffer from interference since the UEs with successful handover are now served in new cell and generate interference to those UEs still served by original cell located in dominance area of new cell.
The RACH capacity has been analysed in [5] and estimated to be several thousand of UEs. However, it is not really applicable to this case even though also a similar traffic scenario has been considered in which a large amount of MTC devices access the network in a highly synchronized manner, e.g. after a power outage. The reason is:
a) 
it is not handover related access, i.e. not service continuity

b) 
the RACH attempts are even for the investigated critical synchronous case distributed over 10 seconds following the Beta-distribution.
Therefore, the RACH capacity numbers generated for MTC applications are not applicable.

Observation 1: Synchronous mass handover is needed to avoid interference issues caused by UEs served in the new cell while there are still UEs served by original cell located in the dominance area of the new cell.
Observation 2: The RACH capacity estimated for MTC are based different requirements and not applicable to this case.

2.3 AAS-specific properties for RACH-free handover
The new cell created in case of cell splitting is served by the same antenna and the same base station (eNB), i.e. the UEs irrespective of the serving cell experience the same link property with respect to channel condition and timing advance (TA). This property allows for reusing link information and getting synchronized with the new cell without RACH.

This properties leads to following aspects which could be favorably exploited:

· 
The UEs are prepared to get immediately synchronized with the new cell(s) without running in any RACH shortages
· 
With this RACH-free handover, the UEs can be handed over concurrently at a dedicated time instance. The concurrency ensures avoidance of interference issues.

Observation 3: Since the emitting antenna remains the same, the radio link properties, in particular TA which is needed to get synchronized, remain the same and allow RACH-free handover.
2.4 Reconfiguration time

Another aspect raised during last RAN3 meeting is the possible temporal service outage caused by AAS reconfiguration when switching off the coverage of the existing cell and switching on the new cell, 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 outage gap.

The same applies to cell merging: the procedure happens at the TTI timescale, so there is no gap in radio availability.
Observation 4: AAS reconfigurations may technically be executed at TTI timescale.
3 Summary and proposals
In this paper we have discussed the need of synchronized mass handover located in the dominance area of the new cell, the drawbacks of normal RACH-based handovers as well as the AAS-specific properties which allows for RACH-free handover.
Following observations have been made:

Observation 1: Synchronous mass handover is needed to avoid interference issues caused by UEs served in the new cell while there are still UEs served by original cell located in the dominance area of the new cell.

Observation 2: The RACH capacity numbers generated for MTC are based different requirements and not usable in this case.

Observation 3: Since the emitting antenna remains the same, the radio link properties, in particular TA which is needed to get synchronized, remain the same and allow RACH-free handover.

Observation 4: AAS reconfigurations may technically be executed at TTI timescale.
It is therefore proposed to agree changes presented in the text proposal below for the TR [6].
4 Text proposal

	*** Fist 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, 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.



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.

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:

Following solutions have been identified for (a):

1)
Cell splitting is executed after successful HO the active mode UEs.


According to the measurement result of the UEs, the eNB will know whether there is candidate cells for the UE. After all the UEs are handover out successfully , the eNB perform cell spliting.

2)
Multiple preparation in the eNB handling the split/merged cells and to eNB handling neighbour cells to guarantee the successful re-establishment.


It is assumed that there is no coverage change for the cell splitting/merging. For all the UEs in the coverage of the intial cell, they can be served by the new splitting/merging cells. The initial serving cell can prepare the UE context in the new cells. If there is connection failure for some UEs, the UE can perform the RRC reestablishment procedure successfully in the new splitting/merging cells.

All above solutions can be supported by implementation with the current standard.

If a handover has been triggered (measurement event reported) before deployment change of the target cell and the handover execution (RRCConnectionReconfig + RACH attempt) occurs after the deployment change, the handover may fail. In order to minimise the risk of preparing a HO to a non-existing cell, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

3)
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. There are two options for the notification: 

a.
Direct notification: Multiple states can be configured to a cell with changeable cell border according to the coverage of the cell with an explicit indication. 

b.
Notification by OAM: for the case when OAM is coordinating the state change, the OAM can configure all eNBs with the correct state.
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:

4)
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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