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1 Introduction
The Stage 2 (Ref.‎[1]) is vague in terms of the details of eNB and cell identification. By now the Stage 3 work of RAN1 has concluded how the physical layer of the E-UTRA UE uniquely identifies a cell. However, it is not evident how the E-UTRA cell is to be uniquely identified by other layers and nodes. The objective of this paper is help to bring closure to the FFS of cell identification. We can think of a few alternative ways how to define the Cell Identity (CI) of the E-UTRA cell.
2 Discussion

2.1 CGI and CI in legacy systems
There is a need to identify the E-UTRA cell uniquely in a global context. We learn from legacy specifications (Ref.‎[2]) that the global identity of a cell is basically a concatenation of NAS identifiers with the Cell Identity (CI). The scope of CI is to identify the cell in the protocols layers within AS.
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Figure 1 CGI and CI in legacy systems.  TS 23.003 : CGI = { MCC || MNC | LAC || CI }. The NAS part {PLMN || LAC } sets and distinguishes the CI of the cell in a global NAS context. 
It does not belong to the primary tasks of RAN2 to discuss details of NAS parameters. However, in this case we think it is important to consider all parts of any global identifier of a cell, if for nothing else to avoid or at least be fully aware of any redundancy in the RRC signalling of it. The NAS part of the legacy CGI (there named LAI) is composed of the following elements:
· Mobile Country Code (MCC) identifies the country in which the PLMN is located. The value of the MCC is the same as the three digit MCC contained in international mobile subscriber identity (IMSI);
· Mobile Network Code (MNC) is a code identifying the PLMN in that country. The MNC takes the same value as the two or three digit MNC contained in IMSI;
· Location Area Code (LAC) is a fixed length code (of 2 octets) identifying a location area within a PLMN.
2.2 CGI and CI in LTE/SAE
No doubt, looking at SAE/LTE systems as a whole, it is of course useful for their operators to distinguish between E-UTRA cells which belong to their own PLMN and those that do not. The location context of a cell must clearly, as in the legacy CGI, partly be defined by the MCC/MNC number as determined by the PLMN identity. One and the same E-UTRA cell will have several such ‘ultimate’ global identities of the cell. Actually as many (1…6) as is sharing the E-UTRA cell. Looking at the specific parts of a LTE/SAE system that is deployed by one PLMN, it is equally obvious that its operator must be able to uniquely distinguish all E-UTRA cells that it connects through. Hence, the value range of the remainder of the cell identity, the part of the cell identity which is common for all PLMN operators, must be large enough to not risk restrict the number of cells that may be deployed by any one PLMN operator that connects through the cell.
2.3 E-UTRA cell identification in the Uu physical layer
Stage 2 agreed on a desire to arrive at numbers that uniquely identifies the E-UTRA cell within an “area”. Clearly “area” is a relative concept and the size of the area is FFS in Ref.‎[1]. Already now, RAN1 has agreed and specified (Ref.‎[3]) which numbers shall be used for the E-UTRA cell identification in the physical Uu layer, i.e. in the radio coverage area of the cell transmission. In that way, each E-UTRA cell will identify itself by using one out of 504 unique physical-layer cell identities (168 unique physical-layer cell-identity groups, each group contains three unique identities).
We read from the RAN1 LS Reply (Ref.‎[4]) that for the cell to be efficiently and properly received, the UE must be able to decode its physical cell identity. Hence, it would be useless to allow RRC to add further bits/digits with the sole purpose to have the UE distinguish which cell it receives. If for any reason the transmission from two cells which use the same physical cell identity would be further distinguished by additional higher layers identities, it is of no benefit for the separation/identification of the cell’s transmission since the UE will still fail to successfully decode their physical transmission separately (in the absence of one it may decode the other, then other times neither and occasionally both as one).
We conclude that only careful cell and reuse planning of the 504 unique physical-layer cell identities (aka MCI, Measured Cell Identity) will enable the UE to uniquely identify the cell in its radio coverage area.
2.4 E-UTRA cell identification in the Uu radio resource layer
We think that the RRM parts of the typical eNB are largely unaware of the factual cell and reuse planning of the physical cell identities which are continuously being deployed in its surroundings. It is an Stage 2 agreement that E-UTRAN may rely on the UE to detect the neighbouring cells, i.e. that there is no need for eNB to indicate neighbouring cells to enable the UE to search, measure and report a cell. As UE reports such a detected cell, the RRM of eNB can be designed and pre-configured ever so cleverly, but will many times on own direct actions fail to safely and uniquely identify a handover candidate cell from its bare physical cell identity (named MCI as in Measured Cell Identity in Figure 2 below). 
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Figure 2
Identity of target eNB is not given by its MCI alone.
It was suggested in Ref.‎‎[7] to standardize a mechanism where eNB by RRC could request the UE to read/acquire and report the global cell identity GCI of a cell which has been detected by the physical layer. The syntax and semantics of such a GCI remain to be discussed. Its primary purpose is more like that of the legacy CI, rather than that of the legacy CGI, i.e. it has the purpose to control, address and identify radio resources within the AS layer. Is it a value that should be added/concatenated with the MCI to jointly form the unique cell identity or should the value itself uniquely identify the cell? Is it bits that already have some additional significance? Can the tracking area code be used? Can the eNB identity be used?
The identity of the TA that connects through the E-UTRA cell is broadcasted by RRC as a service to higher layers (for the purpose of Mobility Management in MME_IDLE). It can be argued that it would be a violation of protocols to allow the AS layer put a side purpose to this NAS identifier, i.e. to have TAC additionally control, address or identify radio resources within the AS layers. In either way, it does not appear to be satisfactory to restrict the number of cells in one TA to 504. Some additional bits and pieces would nevertheless be needed.

We note from the work of RAN3, that both S1AP and X2AP (Ref.‎[8]-‎[9]) now  specify an eNB identity as defined by a 2 octet number (0..65535). Would RAN3 conclude this range as one which is necessary and sufficient to control, address and identify eNB radio resources over S1AP and X2AP, we think of no reason why the same order of range, i.e. some order 2 octet number, alongside the MCI, is not also necessary and sufficient to address the E-UTRA cells. One alternative, to avoid the specification of another set of 2 octets, would be to reuse the same identity as is used over S1 and X2, i.e. to have the eNB identity echoed over RRC. And that for example the unique AS identity of a cell is the concatenation of MCI (9 bits to carry 504 values) with the eNB-Id. However, we believe it is not wise to have such a hard mapping between protocols and we also think that the RRC layer in the UE should not need to identify the eNB.

Another option would be a GCI that is totally independent of identities such as TAC and MCI. As the network grows and expands, different values will be used to identify both the physical layer (MCI) of the cell as well as the tracking area to which the cell belongs. For simple network observability and planning purposes, it would be beneficial to have a firm, stable and unique reference of the cell, i.e. one that does not depend on MCI and TAC. 
3 Proposal
We like to forward the following proposal for discussion. 
Proposal: The E-UTRA cell is defined by two independent identities.
1. the physical cell identity (aka MCI measured cell identity) as defined in 36.211.
2. the cell identity CI defined by RRC. The CI is included in the Cell Global Identity (CGI) of LTE/SAE as drawn in Figure 3 below (exemplified by 27 bits). It does not depend on other identities such as TAC.
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Figure 3
CGI in SAE/LTE systems. The NAS part {PLMN} sets and distinguishes the identity of the cell in a global NAS context. 
This proposal should be discussed in relation to its alternatives where other identities (such as TAC) are reused for the unique identification of the E-UTRA cell in the AS layer.
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