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1. Introduction

It has been decided at RAN3 #62 to make CSG and eNB identifiers independent, giving a large flexibility for managing these two spaces of identifiers. This has been done in an attempt to de-correlate the CSG from the HeNB, allowing having HeNBs that are closed, open or hybrid. In addition, one can envisage having macro-cells configured with access restrictions based on CSG. Indeed, it is no more possible to deduce the nature of an eNB -macro or HeNB- from the CSG indication broadcasted in a cell.

This contribution proposes several alternatives to give enough pieces of information so as the eNB nature and the eNB Id can be extracted from a cell identity without ambiguity.

2. Discussion
2.1. Reasoning and requirements

The MME operates at the eNB node level, and cell details should be hidden to it. During handovers through S1, the target node is indicated to the MME by the source eNB through the eNB Id and not the cell identity. Thus, a reason to be able to extract the eNB id from the cell id is for routing purpose.

An eNB will to take different actions regarding neighbour management depending on the nature of the neighbours. For example, if a UE reports to a macro-eNB a new neighbour as part of a SON ANR procedure, it is likely that the macro eNB will not try to establish an X2 connection to this neighbour if it appears to be a HeNB. Indeed, it is worth having an eNB being able to autonomously get a neighbour's nature, without the help of an O&M service.
If the eNB wants to contact the new discovered neighbour, it has to get its TNL address. It has been agreed this will be done thanks to MME routing capability - based on eNB Id and not on cell identity.
Currently, the cell identity broadcasted is 28 bits long, with  eNB Id corresponding to 20 bits in case of macro-eNB and 28 bits in case of HeNBs. This means a macro eNBs may manage up to 256 cells and HeNBs have one cell.

Node number requirements are [1] that a PLMN shall be able to cope with:

· 125 . 106 HeNB nodes

· 1. 106 macro eNB nodes

2.2. Options

Hereafter we propose 3 solutions to indicate in broadcasted information in a cell how to extract an eNBId from a cell identity.

Option 1: Leftmost (MSB) bit of cell id is reserved to code eNB type (Macro eNB or HeNB)
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Figure 1: Option 1- Leftmost bit reserved

Local cell id for macro eNBs is reduced from 8 to 7 bits to keep macro eNB maximum node number requirement, however a maximum of 128 cells per eNB seems not a constraint.
The number of bits broadcasted in cells is not changed. 
For eNB Id coding, we have the option to include the type indicator in the eNB ID parameter definition, leading to a Home eNB ID length kept at 28 bits and a macro eNB Id length increased to 21 bits. Another possibility is to drop it in the Global eNB ID IE, the distinction being made by the bit stream length. In that case, Macro eNB ID length is kept to 20 bits, and Home eNB ID length decreased to 27 bits.
Option 2: Extended embedded eNB-type

Option 1 has the drawback to fix HeNBs to have only one cell. Adding a bit more flexibility can be beneficial in some scenarios. This yields to option 2.

The coding presented here is derived from work initially proposed by CT1 in [2] but simplified and applied to eNB identifiers.
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Figure 2: Option 1- Extended embedded eNB-Type

 The 4 leftmost bits of the cell id are used to code eNB type. Type 0 is reserved to macro eNBs and indicates that the next 20 bits represent the eNB Id. A type field equal to 01 to 15 indicates a HeNB, the eNB ID being in that case the first 27 bits of the cell identity.
The number of bits broadcasted in cells is not changed, although this coding allows to discriminate 125.8 . 106  HeNBs, each of them having up to 2 cells, and still more then 106 macro eNBs, each of them being limited to a maximum of 16 cells.
eNB type is identified in Global eNB ID IE thanks to bit string length. The IE has to be modified to downsize Home eNB ID length to 27 bits.

Option 3: Additional Type information
If we want to add more flexibility, we need to broadcast more information. An example is given in this third option.
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Figure 3: Additional eNB-Type

An eNB-Type information is broadcast by all eNBs in addition to the cell identity. This piece of information indicates the type of eNB, and by derivation how to extract the eNB identifier from the cell identity.
With a 1 bit eNB-Type field, we can discriminate between macro eNB, and home eNB with up to 2 cells without being restricted on the number of elements of each type. A 2 bits field is foreseen for future use.
The number of bits broadcasted in cells is increased, but with added flexibility. eNB type is identified in Global eNB ID IE thanks to bit string length, with the an ASN.1 choice for each of them. In this option we propose to have n=1, i.e. to let the possibility for Home eNBs to have up to 2 cells with an eNB ID length of 27 bits.
3. Conclusion
eNBs shall be able to extract eNB Ids from reported Global Cell Ids for ANR to function properly. We have presented 3 options to solve this issue.
Option 1 requires little modifications in current specifications, as no additional information is broadcast in cells and the Global eNB ID IE only has to be modified. The option limits the maximum cell number for macro-eNB to 128, which could not be an issue, however it does not provide flexibility for home eNB, fixing them to manage no more than 1 cell.
Option 2 adds the possibility for home eNBs to have up to 2 cells without broadcasting additional information; however macro eNBs sees their maximum cell number decreased down to 16 cells.

We support option 3, which offers more flexibility, at the cost of limited radio overhead.
Companion documents [3] and [4] propose corresponding CRs for 36.413 et 36.423.  We propose also to liaise RAN2 and ask them to add the necessary bits for broadcasting the eNB-Type piece or information. 
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