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1
Introduction

The requirement for an automated configuration of the physical cell identity is captured in [1]. While [2] was providing a possible approach to this case, it is however necessary to consider the pros and cons of the different approaches that are either in daily use or sometimes mentioned during related discussions.
2
Discussion
2.1 Background
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Figure 1: Deployment Illustration

As mentioned already in [1], the physical cell identity, or L1 identity (Phy_ID in this document), is an essential configuration parameter of a radio cell, it corresponds to a unique combination of one orthogonal sequence and one pseudo-random sequence, and 504 unique Phy_IDs are supported –leading to unavoidable reuse of the Phy_ID in different cells (TS 36.211).
When a new eNodeB is brought into the field, a Phy_ID needs to be selected for each of its supported cells, avoiding collision with respective neighbouring cells (the use of identical Phy_ID by two cells results there where otherwise both would have coverage in interference conditions hindering the identification and use of any of them). Traditionally, the proper Phy_ID is derived from radio network planning and is part of the initial configuration of the node. The Phy_ID assignment shall fulfil following conditions,
· “collision-free”: the Phy_ID is unique in the area that the cell covers
· “confusion-free”: a cell shall not have neighbouring cells with identical Phy_ID
Taking the deployment of figure 1, 

· if the physical ID “t_Ph ID a” is selected equal to “Ph_ID 4”, it results in a collision between Cell_C1 and Cell_A2, which results in mutual interference and resulting lack of coverage (coverage hole due to interference).
· if the physical ID “t_Ph ID b” is selected equal to “Ph_ID 3”, it results in confusion at Cell_A2 and at Cell_C1 with the already existing neighbour Cell_A1. As a result, handover procedures from Cell_A2 to the new Cell_C2 will not be properly supported and always result in a handover failure.
Further on, this contribution highlights that mechanisms relying on a local (i.e. at the eNB, like Alt’1, Alt’2, Alt’3) decision perform worse (or else stated, in a sub-optimal way) than others that are capable to handle eNB/cell location information at a central node. Taking again the deployment of figure 1, if eNB A and eNB B are deployed independently, are unaware of each other and take locally the decision on which Ph_ID to select for each of its cells, this can result in the selection of the same Phy_ID at non neighbouring cells (e.g. Cell A2 and Cell B2). At a later stage, when the Cell_C1 is to be deployed, it is not possible to have correct configuration of its NR (Neighbour Relation) without first re-configuring the Phy_ID of one of both cells.
2.2 Outline of different mechanisms
2.2.1 Randomized Physical ID selection (Alt’1)
The simplest method consists of randomly selecting the Physical ID of the cell among the 504 possible values. 
This method does not address the requirements identified above and leads to serious problems in the network that are difficult to detect, but is applicable at least to the deployment of isolated cells and is anyway captured here for the sake of completeness.

It does not rely on or provide an initial identification of neighbour cells.

2.2.2 Physical ID Selection after radio environment scanning (Alt’2)
This method relies on the capability of the eNB to scan its radio environment before starting to operate, at least in terms of reception of the downlink transmission band of eventual neighbouring radio cells, in the frequency band where it intends to establish its own cell(s). This method is also sometimes known as “embedded UE receiver at the eNB”
This scanning phase helps the eNB to identify potential intra-frequency neighbour cells and thus avoid a collision in the selection of the Physical ID for its own cell.
In order to perform a confusion-free selection of the Phy_ID of the cell(s), it needs to receive the necessary information on the neighbours of the neighbours. This is treated in section 2.2.6.
While this method addresses both requirements, there are no guarantees that they are always fulfilled, and scenarios can be devised where either one of them or both are failed. The final assignment of the Phy_ID can also be considered sub-optimal.

Moreover, it has been already mentioned that depending on the deployment (e.g. above roof-top) and antenna tilting, the "visibility" between eNBs might be significantly different than the neighbour cells to be measured by the terminals (in the streets, etc.). To that extent, the reasons why this method was discarded for ANR are also the same making us doubting on its validity for the present use case.

2.2.3 Physical ID Selection after the use of a temporary identifier (Alt’3) ([2])
This method is exposed in [2]. It relies on the use of a temporary Physical Identifier for a configuration phase during which the eNB, supported by UEs in the cell, identifies intra-frequency neighbour cells and thus avoids a collision in the selection of the Physical ID for its own cell.
In order to perform a confusion-free selection of the Phy_ID of the cell(s), it needs to receive the necessary information on the neighbours of the neighbours. This is treated in section 2.2.6 .
While this method addresses both requirements, there are no guarantees that they are always fulfilled, and scenarios can be devised where either one of them or both are failed. The final assignment of the Phy_ID can also be considered sub-optimal.

Moreover, it depends both on the availability of UEs to apply this method, and on the proper location of the UE to identify each of all of the neighbours.
2.2.4 Physical ID assignment by means of a central function “GeoLoc” (Alt’4)
This method relies on a central function that stores information about eNBs, their accurate or at least approximate location, their supported cells and the related configuration such as the physical ID.
Assuming that the geo-location of the eNodeB is available (determined by e.g. eNB embedded means such as a GPS receiver, or else provided by any other means), it is possible in a centralized entity, relying on simple distance calculations, to automatically provide an optimum physical ID assignment to the eNB, fulfilling the identified requirements. This geo-location (actually corresponding to the transmitting antenna(s) supporting the considered cell) does not need a high accuracy, in fact, for an optimum selection/assignment of the Physical ID, it is enough to have a coarse distinction on where an eNB is placed with respect to others.

The geo-location of the eNB may be of coarse accuracy or based on other types of information, e.g. information obtained by applying Alt’2 or Alt’3 and resulting in the identification of some few neighbours. While this information is insufficient for proper geo-location, it is certainly sufficient for proper Phy_ID assignment. The justification of this approach is further discussed in 2.4.2. 
NR (Neighbour Relations ) are not necessarily identified, but the central function is capable to identify univocally the neighbour corresponding to a given Physical ID. In this manner, the potential NR is solved on the terms needed for e.g. LTE mobility for each of the cells.
The general concept is potentially helpful for other SON purposes and this is reflected in the comparison table under the "feature re-use for other purposes" criterion.


2.2.5 Physical ID assignment by means of network rollout planning (Alt’5)
In traditional network rollout and configuration methods, the Physical ID is properly configured, according to the identified requirements, as part of the other parameters of a cell, by means of a network planning tool. Commercial network planning tools usually provide an automatic function for the proper assignment of the Physical ID.
The eNB(s) and the antenna(s) also need to be properly geolocated, while the geolocation accuracy required by a network planning tool is far higher, in order to properly configure the whole range of radio parameters.

The configured NR is also solved by commercial network planning tools in an automated way, the algorithm for the particular physical ID assignment being similar to the one applied in Alt’4.

Network planning related to a new cell needs to be taken in advance, and the obtained configuration data are either stored in the eNB before its installation or loaded (via O&M or locally) after the physical installation and before being put in operation.
2.2.6 Addressing the confusion-free selection requirement
In order to perform confusion-free selection of the physical ID, information on the neighbours of the neighbours is needed. In the Alt’2 and Alt’3 cases, that attempt to be performed by the eNBs supporting the new cell, this information needs to be provided to them, by one of the following ways,
a. when X2 is used for NR request & update, leading to Alt2.a / Alt3.a
b. when Itf-N is used for request&update, leading to Alt2.b / Alt3.b

 2.2.7 O&M Support
It is expected that the selected solution(s) are properly supported by O&M (i.e. it is possible to configure the considered mechanism and monitor the results of their handling at EMS or/and NMS level). This applies to the first three proposals, as the fourth requires O&M support anyway and the fifth in addition relies on Radio Planning on top of the O&M system.
2.3 Comparison of outlined mechanisms

The five different identified methods are compared according to different design requirements,
	1. Collision-free selection:


	fulfilment of the 1st  identified requirement

	2. Confusion-free selection:


	fulfilment of the 2nd  identified requirement

	3. Fully distributed:

	the mechanism partially depends on a central entity

	4. Partially distributed:

	the mechanism does not depend on a central entity

	5. eNB Geoloc’ needed:
	the mechanism needs Geo-location information on the eNB

	6. “Easy & Fast” eNB deployment:


	the mechanism enables a “Plug&Play” eNB deployment, without e.g. provisioning, etc…

	7. Need of UE(s)’ support:
	The mechanism directly or indirectly relies on UE(s) support, and is therefore e.g. not applicable in the context of a network rollout

	8. Extra eNB Functions:
	The mechanism implies additional implementation efforts in the eNB (and related CAPEX increase)

	9. Need of central function:
	The mechanism relies on a central entity

	10. Need of O&M interaction:
	The mechanism relies on O&M interaction over O&M interface

	11. Relevance of Radio planning:
	The mechanism is related to the radio planning process

	12. Initial NR:
	The mechanism’s outcome is an initial NR for the new cell

	13. NR Update:
	The mechanism’s outcome can be an update mechanism of the NR

	14. Fast NR blacklist support:
	The existence of a Neighbour Blacklist can be taken into account during the configuration of the initial NR

	15. Repair Mechanisms:
	Repair mechanisms are needed because the mechanism may result in sub-optimal or faulty configuration

	16. Execution Speed:
	Evaluation of how fast the mechanism obtains the Physical ID

	17. Applicable for HeNBs:
	The mechanism is applicable for Home eNBs.

	Specifications impact,
	

	18. For any extra mechanisms:
	The mechanism implies new procedures, etc…

	19. Impact on RAN3 Specs:
	… Impacts RAN3 (X2, etc…) specifications

	20. Impact on Itf-N Specs:
	…requires Itf-N considerations, or extension of existing Itf-N specifications

	21. eNB geolocation info:
	…requests eNB geolocation information to be exchanged

	22. Neighbours’NR Request & Update:
	…requests or implies exchange of information on cells’ NR

	23. O&M Support & Involvement:
	…implies support of O&M: EMS and/or NMS

	Pain vs. Gain evaluation,
	

	24. Complexity:
	Coarse evaluation related to implementation & use complexity

	25. Costs:
	Coarse evaluation of related expenses

	26. Feature Re-Use for other Purposes:
	Indication whether the mechanism may be related to other use cases, or imply support for additional functionality


	Comparison criteria
	Alt’1 Random
	Alt’2 scanning
	Alt’3 temp_ID
	Alt’4 GeoLoc
	Alt’5 Planning

	1. Collision-free selection ?
	None
	No guarantee
	No guarantee
	Yes
	Yes

	2. Confusion-free selection?
	None
	No guarantee
	No guarantee
	Yes
	Yes

	3. Fully distributed ?
	Yes
	Yes (Alt’2.a)
	Yes (Alt’3.a)
	No
	No

	4. Partially distributed ?
	No
	Yes (Alt’2.b)
	Yes (Alt’3.b)
	No
	No

	5. eNB Geoloc’ needed?
	No
	No
	No
	Yes (coarse)
	Yes (accurate)

	6. “Easy & Fast” eNB deployment
	Yes
	Yes
	Yes
	t.b.d.
	No

	7. Need of UE(s)’ support
	No
	No
	Yes
	No
	No

	8. Extra eNB Functions
	No
	Yes
	No
	Partly
	No

	9. Need of Central Server
	No
	(Yes)
	(Yes)
	Yes
	No

	10. Need of O&M interaction
	No
	Only Alt’2.b
	Only Alt’3.b
	Yes
	Yes

	11. Need of Radio planning
	No
	No
	No
	No
	Yes

	
	
	
	
	
	

	12. Initial NR?
	No
	Yes
	Yes
	Yes
	Yes

	13. NR Update ?
	No
	Yes
	Yes
	Yes
	Partly

	14. Fast blacklist support?
	No
	Only Alt’2.b
	Only Alt’3.b
	Yes
	Yes

	15. Repair Mechanisms ?
	Needed, tbd
	Needed, tbd
	Needed, tbd
	Not needed
	Not needed

	16.  Execution Speed ?
	Fastest
	Fast
	Medium
	Medium-Fast
	Lowest

	17. Applicable for HeNBs ?
	Yes
	Yes
	Yes
	t.b.d.
	No

	Specifications impact
	
	
	
	
	

	18. For any extra mechanisms
	None
	Scanning Description
	Temp_Phy_ID Description
	O&M function
	Supported (3GPP supported for UTRAN)

	19. Impact on RAN3 Specs
	None
	Only Alt’2.a, on X2
	Only Alt’3.a, on X2
	None; Itf-N relevant
	None; Itf-N relevant

	20. Impact on Itf-N Specs
	None
	Only Alt’2.b
	Only Alt’2.b
	to be captured!
	to be captured!

	21. eNB geolocation info
	n/a
	n/a
	n/a
	To be captured
	To be captured

	22. Neighbours’NR Request & Update
	n/a
	Alt’2.a, X2
Alt’2.b, n/a
	Alt’3.a, X2
Alt’3.b, n/a
	Yes
	n/a

	23. O&M support & involvement
	t.b.captured, Itf-N
	t.b.captured, Itf-N
	t.b.captured, Itf-N
	Is already O&M
	Is already O&M

	
	
	
	
	
	

	Pain vs Gain evaluation
	
	
	
	
	

	24. Complexity
	Least
	Medium
	Medium
	High
	Highest

	25. Costs
	Least
	Medium
	Low
	High
	Highest

	26. Feature reuse for other purposes
	None
	Small
	None
	High
	Highest


Table 1: Comparison of identified Phy_ID assignment methods
2.4 Conclusion on the different methods

The selected method shall fulfil the identified requirements and therefore, the 4th and the 5th methods shall be considered in first place. This is addressed in 2.4.1.
It is also assumed that operators wish to rely on an alternate method that is applicable without having to rely on the eNB’s geographical location and that is applicable for fast eNB deployment, or else for HeNBs. While the first alternative seems to be applied without any regard of the existing requirements, at least the following two alternatives attempt to entirely fulfil them and are further compared in 2.4.2.
Considerations on the establishment of an initial NR are captured in 2.4.3.

Section 2.4.4 reflects the main conclusions of the discussion and identifies interesting synergies out of the presented methods and the proposed standardization steps.

2.4.1 Main selected mechanism

Alt’4 and Alt’5 are so called central approaches, which are clearly favoured because they fulfil the identified requirements and don’t imply the need of repair mechanisms, as the distributed approaches ultimately need.
Alt’5 represents the classical network planning approach, where the network is first simulated, and the configuration parameters for each of the cells then obtained. The Physical ID is obtained by means of an automatic routine that nowadays does not need human assistance/interaction. Nevertheless Alt’5 requires the availability of a radio network planning tool, with its installation, configuration and handling, that network planning is performed before roll-out takes place and in good coordination, and does not properly address the scenario of ad-hoc eNB deployment without prior planning and provisioning. In this context, Alt’4 addresses this kind of dynamic eNB deployment scenarios and can eventually also address proper configuration of HeNBs, bexond the specific use case of Physical ID configuration.

Alt’4 can be seen as an evolution of Alt’5, where the Physical ID selection function is moved to the network and is made independent from the radio network planning. In addition, in the context of ANR discussions, it has been already identified that a central RAN function is needed that is capable to report an IP address related to an eNB for which only the Global Cell ID of one of its supported cells is known, and thus consider an central function as well. In that context, it seems straightforward to see the similarity with the functionality with the required support for Physical ID assignment. In other words, it is necessary to address the specification of an O&M function for these tasks.
Finally, it is up to SA5 to evaluate to what extent the support of Alt’4 does not imply a more advantageous approach to the support of Alt’5, since providing a proper 3GPP interface for LTE radio network planning purposes is ultimately among their objectives.
2.4.2 Support of ad-hoc, “easy and fast” eNB deployment

Alt’2 and Alt’3 are based on two different methods of obtaining an initial neighbour relation, each with its pros and cons. While it has been already highlighted that none of them provides guarantees of fulfilling the identified requirements, these methods address the requirement for fast and easy deployment of eNBs, are additional factors of market differentiation between vendors and should not be hindered –on the contrary.
Both methods, in order to address the second requirement, need to obtain the NR of their neighbours. Either this information is provided by a central function (approach a. in 2.2.6) or else neighbours are asked directly over X2 (approach b. in 2.2.6). 

The second approach, which does not involve O&M and is based on the capability to request and update the NR of a neighbouring cell over X2 between eNBs, presents better capabilities in terms of scalability, prompt response and ease of application.
An additional disadvantage of the 1st approach is that it sets a strong requirement in terms of information to be stored and upated about eNBs and cells at O&M, and the frequent exchange of information implied between Network Elements and O&M.

Nevertheless, while it should be concluded that means to address the second requirement for proper Physical ID selection need to be enabled on the X2 interface, it can be argued that, in case the necessary steps towards the support of Alt’4 are taken, then it should be also considered that this O&M function GeoLoc is also capable to provide the NRs of neighbouring cells. This would then correspond to approach a. in 2.2.6.
2.4.3 Configuration of the NR
As an additional relevant outcome of the automated configuration of the cell’s physical ID, the eNB can also build a NR. This is not only inherent to Alt’2 and Alt’3, which provide an initial NR. In case Alt’4 is selected and promoted, then a straightforward extension of the O&M function GeoLoc is not only the central function that is needed for ANR, but in addition it is necessary to configure and update the NR of the cells in the area of the network they serve.
We have seen that the function, for an optimum selection of the Physical ID, needs to know the neighbour relation under use at each cell. In addition, it seems straightforward that, with the introduction of a new cell, the NR of neighbouring cells can be properly updated by the central function.

For this function to work properly, it is necessary to distinguish between a proposed NR that the central function evaluates and provides to a (new) cell, and the actual NR that results of the cell’s own HO support and ANR application.
Nota Bene: during the discussion of the different methods for Phy_ID selection, it has been highlighted that they are strongly involved with handling different types of Neighbour Relation lists. A short overview of the different terms is provided here,
· NR: the Neighbour Relation of a specific cell, relating existing neighbour cells for which HO is supported,
· ANR: Automatic Neighbour Relation, UE assisted function that allows to identify a neighbouring cell not available in the NR; the NR is then (presumably) updated with the discovered neighbour,
· Initial NR: a Neighbour Relation that is obtained when applying Alt’2 or Alt’3
· Potential or Configured NR: a Neighbour Relation configured from a central entity (GeoLoc function or else Radio Planning) for the cell

2.4.4 Main conclusions and suggested steps towards 3GPP support

This contribution shows the relevance of Alt’4 as the most attractive solution, which needs proper support in the standards. This support is enabled by

· Properly defining an O&M function, already needed for ANR support and for the support of the automatic Physical ID configuration use case,
· The corresponding Itf-N,
· Specifying the indication to the O&M function, from an (new) eNB node and for a (new) cell,

· Geo-location information, or

· Initial NR such as one that can be obtained by applying either Alt’2 or Alt’3

· Further parameters are FFS, e.g. type of cell. etc…

· Assignment of Physical Cell ID,
· Report/request of NR per cell, from/to the eNB to/from the entity,

· Delivery of proposed NR to a (new) cell, from the entity to the eNB.

If Alt’4 is shown as unsuitable during the RAN3 discussions, proper support for Alt’2&Alt´3 need to be provided. In addition, Alt’2 & Alt’3 need proper support and in this context following is needed,
· NR Report/Request on X2 (as Itf-N use is discarded in the frame of Alt’4 discussions)
· For Alt’3, agree on a range of Phy_ID values reserved for t_Phy_ID purposes; the value may be a parameter available on Itf-N and the default value, to be captured in 36.902, is to be discussed.
3
Conclusion and Proposal

Following proposals are subject to approval:

Proposal 1: Capture Alt’4 Use Case Solution, LS SA5 for the associated work.
Proposal 2: enable an alternate solution, addressing easy and fast eNB deployment, either as part of Alt’4 or else, if Alt’4 is not selected, by properly supporting Alt’2&3.
Proposal 3: Identify and monitor next steps for proper specification of the selected mechanisms as highlighted in 2.4.4.
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