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1
Introduction
The papers [1] and [2] both propose new solutions to handle the problem described in TR 37.822 section 4.2.1 "Connection failures due to cell splitting/merging". The proposed solutions are all located in the X2AP application layer  based on X2 signalling enhancements. The text proposal in [2] will also in our understanding have as a consequence the restriction of the study item to X2AP application layer solutions only. Such restriction, if agreed, would mean that solutions working on the physical layer would be excluded from the study item. We believe that also such solutions need to be part of the evaluation phase.
In the present paper we clarify that solutions based on the physical layer are within the scope of the solutions already described in the current version 1.1.0 of the TR. We also, for further clarity, propose to explicitly capture in the TR the description of one such solution and show that it has significant benefits compared with solutions that are only based on the X2AP application layer.
A text proposal to TR 37.822, based on the above, is included in the annex of this paper.

2
Discussion
The following addition is part of the text proposal in [2]:
[image: image1.png]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. The relation of those cells before and after cell split is notified. There are two options for the
notification:





Fig. 1: Extract of text proposal from [2].

Today's X2AP supports signalling of cell addition / deletion, as well as cell deactivation / activation. The deactivation / activation functionality is today standardised for the purpose of energy saving. This already existing functionality was meant used in solution 3a , but as pointed out by the authors of [1] and [2] an eNB receiving this information has no information that indicates that the added cell actually replaces the deleted cells (cell replacement). The proposals in [1] and [2] can be understood to enhance the existing signalling with such "cell replacement" information, or in other words a "time-domain cell relation awareness". 
Observation 1: The proposals in [1] and [2] can be understood as an introduction of time-domain cell relation awareness in X2AP.
The proposals in [1] contains several examples of how this can be done in practice, e.g. by the proactive solution described as follows: "Before an eNB initiates cell splitting/merging, it informs neighbor eNBs that its cell(s) will be split/merged via the eNB CONFIGURATION UPDATE message."

It should also be noted that the text proposal in [2] (Fig. 1) is not formulated as an option, so it will exclude exploration of physical layer solutions.

Observation 2: The text proposal in [2] will exclude exploration of physical layer solutions.
The question is then whether there really is a need for neighbour eNBs to be aware of time domain cell relations (split/merge, replacement). It is clear that such awareness doesn't exist in legacy eNBs, so AAS functionality within one eNB would in that case require AAS feature support also in the neighbour eNBs. 

Another drawback of following this path is that such problem resolution on X2AP application level comes with the cost of impact for the served UEs in terms of extra handovers or RLF (cf. solutions 1 and 2). 
Observation 3: Problem resolution restricted to the X2AP application level also comes with the cost of impact for the served UEs in terms of extra handovers or RLF (cf. solutions 1 and 2)

A solution path exploring physical layer solutions should therefore be part of the evaluation. We proposed in last meeting, in the relatively similar scenario of cell expansion / contraction for energy saving, a solution consisting in the use of double set of PSS/SSS/CRS signals during the transition state [3]. 
Proposal 1: Explore a solution path involving the physical layer.

For cell splitting we would suggest to use the following steps:
· Step 1: Enter a transition state where common channels of the initial cell are kept and in addition an extra set of PSS/SSS/CRS is transmitted in each of the two beams corresponding to the split cells. 
· Step 2: Use legacy X2 signalling to inform neighbours of cell deletion / addition or activation / deactivation. 
· Step 3: SIB1 may now be replaced to convey the new ECGIs.

· Step 4: Handover served UEs to the split cells according to their reported PCI. 
· Step 5: Stop transmitting the old PCI in the split cells, which makes the cell splitting effective.

As can be seen this approach has the following advantages:

· the solution  ensures service continuity for UEs in RRC connected state and hence represents an alternative to solutions 1 and 2;
· information of neighbours can be achieved using solution 3a (direct notification) based on legacy X2AP signalling;
· as a consequence of the above, AAS feature support is not needed in neighbour eNBs.

We therefore propose to agree on the text proposal provided in the annex of this paper.
Proposal 2: Capture in the TR the text proposal provided in the annex of this paper.

3
Conclusion
We have analysed the proposals in [1] and [2], and observe:

Observation 1: The proposals in [1] and [2] can be understood as an introduction of time-domain cell relation awareness in X2AP.

Observation 2: The text proposal in [2] will exclude exploration of physical layer solutions.

Observation 3: Problem resolution restricted to the X2AP application level also comes with the cost of impact for the served UEs in terms of extra handovers or RLF (cf. solutions 1 and 2)

On this background we have made the following proposals:
Proposal 1: Explore a solution path involving the physical layer.

Proposal 2: Capture in the TR the text proposal provided in the annex of this paper.
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Annex – Text proposal to TR 37.822
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.


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.

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.
The following solution represents an alternative to solutions 1, 2 and 3 above for problems (a) and (b):
4)
Cell splitting/merging involves a transition state where old and new PCI are simultaneously transmitted. For cell splitting the following steps may be used:

·  Step 1: Enter a transition state where common channels of the initial cell are kept and in addition an extra set of PSS/SSS/CRS is transmitted in each of the two beams corresponding to the split cells. 

· Step 2: Use legacy X2 signalling to inform neighbours of cell deletion / addition or activation / deactivation. 

· Step 3: SIB1 may now be replaced to convey the new ECGIs.

· Step 4: Handover served UEs to the split cells according to their reported PCI. 

· Step 5: Stop transmitting the old PCI in the split cells, which makes the cell splitting effective.

Evaluation:
Solution 4 overview: 

· the solution ensures service continuity for UEs in RRC connected state and hence avoids the use of solutions 1 and 2;

· information of neighbour eNBs is achieved using legacy X2AP signalling;

· as a consequence of the above, AAS feature support is not needed in neighbours to an eNB performing AAS based cell splitting/merging.
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