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1 Introduction 

This paper discusses the CGI and eNB ID coding and size. It also proposes to select S1 Handover identities based on the selected CGI coding.
2 Responses to the LS
SA2 and RAN2 want CT1 to answer the questions that RAN3 raised in the LS [1].
From the SA2 minutes it can be concluded that SA2 wants CT1 to decide on the Cell ID and eNB ID issues. 

It was assumed CT WG1 will provide a response for this issue and the LS was noted.

RAN2 LS [2] indicates a preference for a short CI, and explains that CGI that includes TAC would enable a short CI.  However RAN2 does not exclude any alternative and wants CT1 to decide.

CT1 indicates a preference to independent identities [3]; hence that eNB ID is not part of CGI. On Cell ID and eNB ID size CT1 explains that they estimate the number of Home eNodeBs to be supported in a network to have an upper limit of 2^28.
3 Discussion

The simplest coding of CGI would be to select CGI = PLMN ID + CI. Then CGI would be independent to both tracking area code and eNB identity. A CGI can be fixed to a geographical area independently of changes in hardware or tracking area. To enable self-configuration of S1 handover target IDs, this CGI coding would require that Target ID is CGI. The eNB ID size can be made as large as the CGI, e.g. 28 bits.
Selecting CGI = PLMN + TAC + CI has the benefit that it requires less number of bits to be broadcasted. If CI is made 28 bits, adding TAC as well to CGI enables a very large amount of cells for LTE. The TAC + CI would be coordinated in a shared network, since TAC has to be coordinated. The tracking area of a cell might need to be reconfigured, which then changes the CGI. The CGI will then not be fixed to a geographical area as CT1 implies to be beneficial, and this is the main drawback of having TAC as part of CGI. To enable self-configuration of S1 handover target IDs, this CGI coding would require that Target ID is CGI. The eNB ID size can be made as large as the CGI, e.g. 28 bits.
The most complicated coding of CGI would probably be to select CGI = PLMN + eNB ID + CI, hence, making CGI dependent on eNB ID. The main complexity comes from that the eNB ID needs to be of flexible size to limit the number of bits that RAN2 needs to send on the BCCH. The reason is that eNB ID needs to be of around 27 bits for Closed Subscriber Groups (CSGs). SA has approved a requirement to have at least 125 million CSG IDs within a PLMN. Since one CSG ID can define several eNBs it seams reasonable that eNB ID for CSGs should be at least 27 bits. RAN2 indicates in their LS that they expect that eNB ID + CI would be of the order of 28 bits. To enable macro eNBs with up to 256 cells, the eNB ID would need to be of flexible length. We believe that this flexible length makes this alternative the most complicated one. Even the following alternative with three types of eNB IDs would be complicated:

· Macro eNB ID with size 20 bits, which would give 1 million identities. With a CI of 8 bits the total number of bits becomes 28 bits.

· CSG eNB ID (for office, campus etc) with size 24 bits, which would give 16 million identities. With a CI of 4 bits, i.e. 16 cells, the total number of bits becomes 28 bits.

· Home eNBs with an eNB ID size of 27 bits and CI of one bit. 

To illustrate the complexity assume that Macro eNB ID is 4 bits with CI of 4 bits. Further, assume that CSG eNB ID is 6 bits and with a CI of 2 bits.

A macro cell is assigned eNB ID = 4 and CI = 0, 1, 2, 3, 4, and 5. The CGIs for the cells of this eNB becomes 

CGIs = 0100 0000, 0100 0001, 0100 0010, 0100 0011, 0100 0100, 0100 0101.

This means that CSG eNB IDs 16 and 17 are not possible to use. The CSG eNB IDs that are available and starts with 0010 are 18 and 19. Assume that we assign 18 and 19 to two eNBs of a CSG. If one now wants to add cells to the macro eNB with eNB ID 4 then it is possible to add CI 6 and 7 but no more cells without changing eNB ID.
The solution would be to say that if the first bit of CGI is 1, it is a home cell. If the first bit of CGI is zero and the second bit of CGI is one, it is a CSG cell. If the first two bits of CGI are zero then it is a macro cell. This would give 27 bits for home cells, 26 bits for CSG and macro cells. A potential distribution of bits between eNB ID and CI with a total number of bits of 28 could be:
· Macro eNB ID with size 19 bits, which would give 0.5 million identities, and a CI of 7 bits.

· CSG eNB ID (for office, campus etc) with size 22 bits, which would give 4 million identities, and a CI of 4 bits, i.e. 16 cells.

· Home eNBs with an eNB ID size of 27 bits and no CI. 

Hence, we will get less number of eNB and Cell identities with an eNB ID as part of CGI. Maybe the number of bits ought to be extended to 30 bits. One way of enabling this would be to have a “choice” in the ASN.1. Having a totally flexible eNB ID size would be more complicated and need some other solution. 

If it is standardized how the most significant bits should be interpreted then this coding of CGI, i.e. including eNB ID in Cell ID, enables self-configuration of neighboring eNB ID and routing on this identity in the core network at S1 handover. 
Proposal alternative 1:
We prefer and propose to adopt the proposal from CT1 to have CGI to include a PLMN and a CI, hence to have eNB ID and CGI independent. 

We propose that S1 Handover routing is performed on CGI to the target eNB to enable self-configuration by the UE reading neighbour configuration on BCCH and reporting the necessary identity. With LTE flat architecture, routing on Cell ID is not much different than routing on eNB ID. 

We propose to set the CI size to 28 bits. RAN2 would prefer as few bits as possible, but we see no reason why LTE should enable less number of cells than UTRAN. 
Since a flexible eNB size complicates things and adds no value when CGI and eNB ID are independent, we propose that the eNB ID size is made 28 bits. It can be questioned whether eNB ID is needed at all, since it will only remain in S1 and X2 Setup procedures.
Proposal alternative 2:

If it is not acceptable to rout on CGI to the target eNB at S1 handover then we propose that CGI contains eNB ID and that a “choice” of three different eNB ID and CI sizes are used. 
· Macro eNB ID with size 20 bits, which would give 1 million identities, and a CI of 8 bits.

· CSG eNB ID (for office, campus etc) with size 24 bits, which would give 16 million identities, and a CI of 4 bits, i.e. 16 cells.

· Home eNBs with an eNB ID size of 28 bits and no CI. 
4 Proposal
We propose that RAN3 discusses the CGI coding and tries to agree on proposal alternative 1. If that is not agreeable, proposal alternative 2 should be selected. 
Irrespectively of selected CGI coding, Target ID shall always contain the entire CGI. If eNB ID is part of CGI, it should be up to the MME whether routing is done on the entire CGI or just the eNB ID part of the CGI.
The CRs in [4] and [5] changes global cell id to PLMN and CI, and changes the source and target IDs to contain EUTRAN CGI and TAC. The changes to the eNB ID are in [6] and [7]. These CRs correspond to implementing proposed alternative 1. We propose that RAN3 accepts these CRs.
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