3GPP TSG-RAN WG3 Meeting #87
R3-150313
Athens, Greece, February 09-13, 2015
Title: 
Analysis and way forward for Intra-LTE AAS change notification
Source: 
Ericsson
Agenda item:
12.1
Document for:
Approval
1   Introduction
During the course of RAN3#86 a discussion on the type of notification to be supported in cases of AAS cell configuration changes was carried out. The discussion led to the following topic for further discussion, which was captured in a way forward in [1]
“Following points are FFS:

· The need to enhance the existing eNB configuration update which may be delivered after a change with additional information about the change

· The need for providing the information about the planned change before the reconfiguration

· The way to inform the neighbour about planned/possible configurations”
In this paper the case of intra LTE notifications due to AAS cell configuration changes is discussed.

2   Discussion on the timing of AAS notification

Three options have been outlined during RAN3#86 regarding the timing of a notification to indicate AAS cell configuration changes.

1) Notification from the eNB executing the AAS change to neighbour eNBs before the AAS change is applied

2) Notification from the eNB executing the AAS change to neighbour eNBs after the AAS change is applied

3) Notification from the eNB executing the AAS change to neighbour eNBs before and after the AAS change is applied

Let us first analyse case 1) of a notification sent before the AAS change is applied. 
A notification about AAS changes should mainly serve the purpose of avoiding mobility failures. Therefore, as already mentioned in [2], an AAS notification sent before the AAS change is applied can only be effective if the eNBs receiving the notification would know the exact time when the change is applied.
In fact, UE mobility is based on UE measurement reports. A UE reporting measurements relative to a newly created cell would automatically trigger mobility towards that cell. The eNB receiving such UE measurements would be able to apply whatever optimised mobility parameters are available for the reported target cell, leaving a possible mobility failure event purely dependent on how optimal such parameters are, i.e. no failures due to AAS changes should occur.
In a similar way, mobility measurements received before the AAS change is applied and resulting in handover procedures that conclude before any AAS change would also lead to successful handovers provided that the mobility parameters adopted are opportunely chosen.
Observation1: UE mobility triggered after the AAS change is applied or completed before the AAS change is applied is not at risk of failures due to AAS changes

Therefore, a mobility failure due to AAS changes will only occur in the case outlined by the following steps: 

· HO measurements and HO preparation are carried out with respect to target Configuration A, with target cell == CellA, PCI-A

· During handover execution procedures (i.e. HO Command and  RRC Connection Reconfiguration with Mobility Control Info) the target cell is no longer available, instead another cell is available corresponding to Configuration B, i.e. CellB, PCI-B (namely a cell with different PCI than the target cell)  

The above error case is shown in Figure 1.
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Figure 1: Example of AAS configuration resulting in RLF

In Figure1 it is shown that if the timing of the AAS change is such to make the cell split happen between HO preparation completion and RRC Connection Reconfiguration completion and if the new available cell has a PCI different from the target cell’s PCI an RLF will occur.
Observation 2: A mobility failure occurs if the AAS change is applied after the HO preparation is completed and before the RRC Connection Reconfiguration is received by the target eNB and when the new available cell has a PCI different from the target cell’s PCI. 

Therefore, an AAS change notification that is able to avoid the failure case explained above shall indicate the exact timing of the change, so that the HO procedures are carried out all before or after the change. However, accurate timing information concerning occurrence of the AAS change would imply tight requirements on inter eNB synchronisation. Such assumption is not supported in current standard and therefore not feasible.

Conclusion 1: Sending an AAS notification before the AAS change is applied has the purpose of avoiding RLFs. However, this would imply tight inter eNB synchronisation. The latter is not supported by the standard and therefore unfeasible.
Besides, it should be said that even if inter eNB synchronisation was ensured, the unpredictability of backhaul delays would imply that there may always be uncertainty on the time when the AAS notification will be received. The latter implies that the notification may anyhow be delayed until after the AAS change is applied, hence denying its usefulness.

Conclusion 2: Even in case of synchronised eNBs, the unpredictability of backhaul delays may pose uncertainty of whether the AAS change notification can be received before the change is applied.
When analysing case 2) of an AAS change notification sent after the change occurred it can be immediately realised that the failure scenario would be the same as that in Figure 1. However, the failure scenario in Figure 1 can be considered as a non critical case because of the following reasons. 

Firstly, it is rather unlikely that an AAS change would occur in the time window from the time of completing HO preparation to the time of receiving the RRC Connection Reconfiguration at target eNB. Such time window is typically of a few milliseconds. Moreover, an AAS change can be triggered during periods of lower mobility.
Secondly, if the new target cell available to the UE after the AAS change (i.e. CellB in Figure 1) preserves the same PCI as the original target cell it is possible to make the handover succeed. Namely, taking Figure 1 as an example, if CellB was such to maintain PCI-A of the original target CellA, and if Cell B configuration resembled that of cell A in terms of access settings (e.g. RACH resources), then the UE would be able to connect to CellB without problems.

Observation 3: A reuse of PCIs before and after AAS changes increases the chances of successful handovers because a UE would be able to successfully handover to a new cell substituting the original HO target if such cell has the same access configuration and PCI of the original target cell
Thirdly, even if an RLF occurred as depicted in Figure 1, it is possible to let the UE successfully re-establish to the target eNB. In fact, by preparing the cells that could appear in place of the original HO target cell (in the case of Figure 1, this would mean to prepare Cell B and Cell C together with Cell A) it would be possible to let the UE successfully re-establish after RLF.

Observation 4: By opportunely preparing the cells that may become active and substitute the HO target cell it is possible to let the UE successfully re-establish after an RLF due to AAS changes
An AAS change notification sent after the change occurs would therefore serve the purpose of identifying the new configuration adopted and allow activation of optimised mobility parameters towards the newly activated cells. Given the marginal relevance of the failure case in Figure 1 and given the synchronisation requirements linked to an AAS change notification sent before the AAS change the following can be concluded:

Conclusion 3: It is sufficient to send an AAS change notification after the AAS change is applied in order to identify the newly adopted configuration and to enable activation of new configurations (e.g. for MRO, ANR) fitted to the new configuration
Case 3) of sending an AAS change notification before and after the change occurs seems not feasible in light of the drawbacks and lack of gains for case 1).

3   Discussion AAS change notification information

The next problem to tackle is to assess the type of information needed in an AAS change notification. 
An AAS notification should enable an eNB to understand the new cell layout adopted by its neighbour eNB. It was already pointed out in [3] that cells with the same identifiers (e.g. same PCI and ECGI) can be activated with different coverage maps. For example, a cell, Cell A, could be split in two cells, Cell B and Cell C, as a result of vertical sectorisation or horizontal sectorisation, as shown in Figure 2.
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Figure 2: Example of cell split with different possible sectorisations 
From Figure 2 it can be immediately understood that an AAS change notification cannot consist of a list of newly activated/deactivated cells. If this was the case then there will be confusion about the coverage map adopted by the cells listed in the notification. Such confusion would not enable appropriate mobility parameters adoption (i.e. MRO optimisation) or neighbour relations activation (i.e. ANR optimisation).

Observation5: An AAS configuration change notification shall enable full understanding of the coverage map for each deployed cell. A list of active/inactive cells would not be sufficient.

Instead, it seems optimal to include in the AAS change notification a pointer (such as an index) to the specific configuration adopted. An example of such notification can be seen in the tabular below:

--------------------------------------------First Change--------------------------------------------

9.1.2.8
ENB CONFIGURATION UPDATE

This message is sent by an eNB to a peer eNB to transfer updated information for a TNL association.

Direction: eNB1 ( eNB2. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Served Cells To Add
	
	0 .. <maxCellineNB>
	
	Complete list of added cells served by the eNB
	GLOBAL
	reject

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	Served Cells To Modify
	
	0 .. <maxCellineNB>
	
	Complete list of modified cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier
	-
	-

	>Served Cell Information
	M
	
	9.2.8
	
	–
	–

	>Neighbour Information
	
	0 .. <maxnoofNeighbours>
	
	
	–
	–

	>>ECGI
	M
	
	ECGI

9.2.14
	E-UTRAN Cell Global Identifier of the neighbour cell
	–
	–

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the neighbour cell
	–
	–

	>>EARFCN
	M
	
	9.2.26
	DL EARFCN for FDD or EARFCN for TDD
	–
	–

	>>TAC
	O
	
	OCTET STRING (2)
	Tracking Area Code
	YES
	ignore

	>>EARFCN Extension
	O
	
	9.2.65
	DL EARFCN for FDD or EARFCN for TDD. If this IE is present, the value signalled in the EARFCN IE is ignored.
	YES
	reject

	>Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned cell is switched off for energy saving reasons
	YES
	ignore

	Served Cells To Delete
	
	0 .. <maxCellineNB>
	
	Complete list of deleted cells served by the eNB
	GLOBAL
	reject

	>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier of the cell to be deleted
	-
	-

	GU Group Id To Add List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	GU Group Id To Delete List
	
	0 .. <maxPools>
	
	
	GLOBAL
	reject

	>GU Group Id
	M
	
	9.2.20
	
	-
	-

	Cell Configuration Indication
	O
	INTEGER (0..255,…)
	
	Indicates the cell configuration adopted by the eNB
	Yes
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofNeighbours
	Maximum no. of neighbour cells associated to a given served cell. Value is 512.

	maxPools
	Maximum no. of pools an eNB can belong to. Value is 16.


--------------------------------------------End of Changes--------------------------------------------

With the indexed notification above the process of AAS configuration adoption and adaptation becomes unequivocal. In fact, with the indexed notification above the following can be achieved:
· An eNB can reuse PCIs for cells with different coverage

· An eNB can signal the Cell Configuration Index to indicate that a given cell configuration has been adopted
· In a first “learning” phase, the receiving eNB can monitor the new cell configuration associated to the index and optimise different processes as opportune. For example, mobility parameters optimisation, neighbour relationships, Fractional Frequency Reuse can be optimised.

· Whenever a new notification is sent with a certain Cell Configuration Index, the receiving eNB can recall the settings that were optimised for that particular configuration, e.g. optimised mobility parameters, neighbour relations etc.

By following the above options it is possible to enable a simple and yet effective solution, which is also extendible in future releases because the meaning of the index can be further expanded in case specific types of configurations need to be adopted.  

Conclusion 4: An AAS configuration change notification consisting of an index enables to flexibly use cell identifiers for any cell coverage map and allows activation of optimised mobility parameters between eNBs
4   Conclusion 
In this paper two topics have been discussed. The first topic concerns the timing of a notification that indicates a cell configuration change due to AAS operations. A number of observations were deduced on this topic and the following conclusions are proposed for agreement:

Conclusion 1: Sending an AAS notification before the AAS change is applied has the purpose of avoiding RLFs. However, this would imply tight inter eNB synchronisation. The latter is not supported by the standard and therefore unfeasible.
Conclusion 2: Even in case of synchronised eNBs, the unpredictability of backhaul delays would pose uncertainty of whether the AAS change notification can be received before the change is applied.
Conclusion 3: It is sufficient to send an AAS change notification after the AAS change is applied in order to identify the newly adopted configuration and to enable activation of new configurations (e.g. for MRO, ANR) fitted to the new configuration
The second topic discussed concerns the type of notification that needs to be sent in order to allow flexibility in the use of cell identifiers and to enable activation of optimal mobility configurations between eNBs. The observations deduced during discussion led to the following conclusion proposed for agreement:

Conclusion 4: An AAS configuration change notification consisting of an index enables to flexibly use cell identifiers for any cell coverage map and allows activation of optimised mobility parameters between eNBs

It is therefore proposed to agree to the conclusions above and to endorse the corresponding TP in [4]
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