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1. Introduction
RAN3 agreed on the need to standardize a solution for automatic Physical Cell ID selection in the eNBs. The requirements for this new SON functionality are captured in [1]. Different solutions have been identified and compared in [2] and [3]. This contribution provides further discussions on the requirements in [1] and a different viewpoint on the analysis provided in [3].
2. Discussion
2.1. Background

Physical Cell Identity is a critical configuration parameter of a radio cell. Since the available number of unique Physical Cell ID is limited, a configuration scheme which properly configures the parameter in each cell is needed to ensure proper operation of the radio network. 
In the legacy systems the Physical Cell ID is configured by means of planning. Besides being expensive, this approach may not be scalable in future heterogeneous network deployments envisioned for LTE with macro, pico and femto eNBs. Because of this, RAN3 has agreed to work on solution for automatic Physical Cell ID selection in eNBs.
Document [1] captures the requirements for the automatic Physical Cell ID selection function. In this document we discuss an extension of the requirements in [1] in a dense deployment scenario where the “confusion-free” requirement may not be possible.

Several schemes have been proposed and analyzed in [2] and [3]. The most promising approaches can be classified into two classes. The first class is a distributed approach relying on ANR functionality to detect neighbouring cell(s) and then use the Global Cell ID of the neighbouring cell to obtain Physical Cell IDs of further neighbouring cells (to achieve “confusion-free” requirement in [1]). Whether the UE that performs ANR is embedded in the eNB or whether the information of neighbouring cells are obtained via X2 or Itf-N interfaces are just minor variations of the same approach.
The second class is a centralized approach relying on the geographical location (“GeoLoc”) of the eNB to assist a centralized server into assigning a collision-free/confusion-free Physical Cell ID. 

Contribution [3] argues that the distributed approach cannot satisfy collision-free/confusion-free requirements while the centralized approach does not suffer the same problem. This contribution offers an alternative analysis on these two classes of approach and concludes that (1) the distributed approach does satisfy the collision-free/confusion-free requirements in the scenarios where such requirements are achievable and (2) the centralized approach will perform no better than the distributed method in those scenarios while it is more complex and costly.
2.2. Regarding collision-free and confusion-free requirements

In [1], the following two requirements regarding automatic Physical Cell ID selection are captured:

1. “collision-free”: the Physical Cell ID is unique in the area that the cell covers

2.  “confusion-free”: a cell shall not have neighbouring cells with identical Physical Cell ID

However, it is not always possible to guarantee “confusion-free” in a dense urban deployment scenario where there are many underlay non-macro eNBs (e.g., Home eNBs or Pico eNBs) deployed under a macro eNB as the number of possible Physical Cell IDs are limited to 504. When “confusion-free” requirement cannot be met, it is still desirable to assign Physical Cell ID such that the possibility for confusion and its effect are minimized Based on these considerations an additional requirement is proposed for the automatic Physical Cell ID selection function: 
3. If Requirement #2 cannot be satisfied, a macro cell may have neighboring non-macro cells with identical Physical Cell ID, but a non-macro cell shall not have neighboring cells with identical Physical Cell ID
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Figure 1 Example of Physical Cell ID assignment when confusion-free is not possible

Figure 1 illustrates the reasoning behind Requirement #3. Assume the number of HeNB cells under a macro Cell M1 is 600; then it is impossible to meet the confusion-free requirement because there needs to be multiple HeNB cells that use the same Physical Cell ID under the macro Cell M1. In that case, requirement #3 will ensure that no HeNBs will use the same Physical Cell ID as macro cells M1 and M2 (so as not to conflict with the macro cell operations). In addition, HeNB cells in the same vicinity will still retain the confusion-free and collision-free requirements, e.g., HeNB Cell H1 may not have the same Physical Cell ID with HeNB Cell H2 (collision-free) or Cell H3 (confusion-free). However, the Physical Cell ID used for cell H1 may be reused by Cell H600, for example.
Requirement #3 guarantees that any handover to another macro eNB is unambiguous. In addition, a handover from a non-macro eNB to another eNB is also always unambiguous. However, a macro eNB may have more than one neighbour non-macro eNBs with the same Physical Cell ID due to the limitation in the number of available Physical Cell IDs. A recovery mechanism for resolving ambiguity is needed during handover from macro eNB to non-macro eNB when confusion-free requirement cannot be met. This issue is FFS.
2.2.1. Physical Cell ID assignments of Macro and Non-Macro eNB

Due to the reasons stated above, it is preferable for an eNB to recognize whether the neighbouring eNB is a macro or a non-macro eNB so as to allow the assignment of the Physical Cell ID to not affect a handover to any macro eNBs. Such information can be obtained either implicitly by separating the space of the Physical Cell IDs between macro eNBs and non-macro eNBs and/or by explicitly indicating the type of eNB when a neighbour relationship is established. This issue is FFS.
2.3. Analysis of ANR-based distributed method

In [3], it is argued that ANR-based distributed methods (i.e., alternative 2 and 3 in [3]) cannot guarantee collision-free and confusion-free selection. It is not clear why this is the case and no examples are given. This section provides an analysis of ANR-based distributed method towards satisfying these requirements.
2.3.1. Collision-free and ANR-based distributed method

The purpose of collision-free assignment is to ensure that no UE receives signals from two cells with the same Physical Cell ID. If it is possible for a UE to be in such situation, it should be investigated if the UE may be able to detect (directly or indirectly) and report the collision, which could trigger one of the eNBs to reconfigure its Physical Cell ID. With this recovery mechanism, the resulting assignment will satisfy the collision-free assignment. In section 2.4, an argument is also given why even with GeoLoc-based centralized method such recovery mechanism is still needed.
In [3], it is also argued that the ANR-based approach depends on the availability of UEs in a location wherecollision occurs. However, if no UE is in the location of the collision, one may argue that “no harm is done” as the purpose of collision-free assignment is to ensure that no UE receives signals from two cells with the same Physical Cell ID.

2.3.2. Confusion-free and ANR-based distributed method

As discussed in section 2.2, confusion-free assignment of Physical Cell ID may not be possible. However, if such assignment is possible, it is also achievable through distributed method due to the following reason. By definition, confusion-free assignment means that a cell cannot have immediate neighbours with the same Physical Cell ID. In other words, if every eNB selects its Physical Cell ID such that the value is different from its immediate neighbours and also different from the neighbours of its immediate neighbouring cell, such requirement is automatically satisfied.
2.4. Analysis of “GeoLoc”-based centralized method
In [3], it is argued that a “GeoLoc”-based centralized method will always guarantee collision-free and confusion-free assignments because a configuration server can use the geo-location of the eNB to assure the assigned Physical Cell ID is distinct in a certain geographical area. However, such “GeoLoc” information is not always available as an eNB may be installed in indoor areas (hence no accurate position can be determined via GPS). In that case, the sole mean of determining the eNB geographical location is via ANR in which case the configuration server cannot make a better determination than an ANR-based distributed method as the available information is equivalent. 
Furthermore, even if accurate positioning is available via GPS, geographic location does not accurately provide RF neighbourhood information between the eNBs. To accommodate for this inaccuracy, GeoLoc-based central server has to be conservative in assigning Cell IDs, which further stresses the limited number of available CellIDs. This limitation becomes more prevalent in the dense deployment scenarios. For instance in case of high rise buildings and dense urban areas there may be dozens of pico and home eNBs in a small region, but only a small fraction of them are neighbours. The only accurate method of obtaining RF neighbourhood information in these scenarios is via the UEs visiting the area of deployment. 

It is also argued that a recovery/repair mechanism is not needed in this approach. Since the GeoLoc-based method has the same performance as the distributed mechanism in the above scenarios, a similar repair/recovery mechanism will be required nevertheless as a collision may be detected by a UE much later after initial configuration is completed. Moreover, in order to use ANR to determine its geographical location, the eNB needs to transmit its signal with some Physical Cell ID. This Physical Cell ID may conflict or cause confusion with the existing cells in the area – hence it is unavoidable to have a recovery or repair mechanism to resolve the problem.
The main arguments for this approach in [3] despite its high costs and complexity are (i) confusion/collision-free assignment and (ii) it does not need repair mechanism. However, since both of the main benefits for this method are not applicable in the above scenarios (e.g., for HeNB or indoor deployment), a distributed method is preferred due to the lower cost and complexity.
3. Conclusion 
RAN3 is proposed to agree on the followings proposals:
Proposal #1: Agree on the additional requirement for the Automated Configuration of Physical Cell Identity function proposed in Section 2.2.
Proposal #2: Enable eNB to recognize whether the neighbouring eNB is a macro or non-macro eNB when a neighbour relationship is established.
Proposal #3: Select distributed method for Automated Physical Cell ID assignment.
Proposal #4: Regardless of the method for Physical Cell ID assignment (whether it is centralized or distributed), further studies are needed on physical cell ID collision detection and reporting mechanisms.
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