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1.
Summary 
This paper captures the agreement in CT1 on the relationship between the identities in EPS/E-UTRAN such as cell ID, CSG ID, and TAC, and how to code them to be broadcast over the air.

· CSG ID is embedded in cell ID.
· CSG ID is partitioned into several groups to support different numbers of cells under a CSG according to different CSG deployment scenarios (Home, enterprise etc.)

· TAC is independent of CSG identity. Current working assumption in CT1 is that this length will be 16 bits. The TAC length will be the same for CSG and non-CSG cells. 
· To ensure unique cell IDs in the core network, the CSG indicator must be taken into account. The cell identity used on the S1 interface is therefore defined as CSG Indicator (1 bit) + the cell identity (28bits) and is named the network unique cell identity (NUCI). The cell global identity is therefore PLMN ID + NUCI. 
Note: The terms NUCI and cell global identify = PLMNID + NUCI are used here to illustrate and describe the solution given in this paper. It is the decision of the RAN WGs whether they adopt the term NUCI and the statement of cell global identity = PLMNID + NUCI. 
· The Cell ID (embedding CSG ID) and TAC are included in SIB1 and broadcast over the air.

· No restrictions will be placed on assignment of TACs to cells. However, it was noted that paging load can be optimized in two ways:

a) in case when the TAC is shared by multiple CSG cells with different CSG IDs, to prevent every paging request for the macro cell being transmitted in a CSG cell, the network will not send out paging requests in CSG cells that are not on the CSG access white list for the UE being contacted. 
b) to prevent every paging request for a home eNodeB being transmitted in the macro cell that covers the eNodeB location, some or all of the CSG cells could be assigned TACs that are different to the TAC of the macro cell. 
In addition to these principles, the following detailed coding schemes of CSG ID and cell ID are considered working assumptions. It is expected that the coding schemes will be further discussed in terms of flexibility of CSG id allocation to adapt to unfolding market needs and whether address space will be reserved for future use. 
2. CSG Types
In home environment, it is likely that one CSG id would be associated with only one HeNB or may be two (if we assume user has a HeNB at home and in the office). This is likely to be the most common deployment scenario for HeNBs and most CSG ids should be allocated to this type of CSG. This requires a Local Cell Id (LCI) of 1 bit.

The second type of CSG deployment scenario is that of the small enterprise where we can expect up to 16 HeNBs under a CSG id. This requires a Local Cell Id (LCI) of 4 bits.

If we have a medium enterprise, we believe that the number of HeNBs under a CSG in one PLMN should not exceed 256. This requires a Local Cell Id (LCI) of 8 bits.

Finally, to cover the scenario where we can have up to 16000 HeNBs under a CSG, we propose to have a fourth type of CSGs called ‘Large Enterprise’. This requires a Local Cell Id (LCI) of 14 bits.
With these four types of CSGs defined and the LCI size of each CSG type assumed, we propose a scheme in the next section to define a variable length CSG id.
Agreement 1: Four types of CSGs are defined: Home (2 cells), Small Enterprise (16 cells), Medium Enterprise (256 cells) and Large Enterprise (160000 cells)
3. Definition of Cell Identity 

In order to have a variable number of CSG ids for each CSG type, we propose to define a Group Id of 7 bits and a Cell Broadcast Identity (CBI) of 21 bits which together form the Cell Identity of 28 bits. Figure 1 illustrates how CI is formed from GI and CBI.
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Figure 1: Definition of Cell identity in terms of Group Id and Cell Broadcast Id
Agreement 2: The Cell identity is made up of a Group Id and a Cell Broadcast ID
3.1 Definition of variable Length CSG Ids within the Cell identity. 
In case the CSG indicator is ON (i.e. cell is a home cell), the UE has to interpret the CI according to the CSG type to which the home cell belongs. According to Agreement 1, we have four types of CSGs. If we reserve 2 bits to indicate the CSG type within the Cell identity, we will have a total number of CSG ids which fall short of the requirement of 125 million CSG ids as proposed in [1]. 
With a Group Id of 7 bits, we have 128 groups of CSGs. As argued in Section 2, most CSGs are expected to have no more than 2 HeNBs under a CSG id. It is proposed that Group Ids 0 to 118 are reserved for ‘Home’ type CSG. This means that the 20 most significant bits of the CBI can be used to represent the CSG id with one bit left for the Local Cell Id. The CSG id will thus be 27 bits. This gives a CSG id space of 124.8 million CSG ids. Figure 3 illustrates the CSG id identification from the GI and CBI.
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Figure 3: Interpretation of CI for CSG type ‘Home’
Agreement 4: For ‘Home’ type CSG, the CSG id length is 27 bits and only Group Ids 0 to 118 can be used for ‘home’ type CSG. A Local Cell Identity of 1 bit is defined.
For small enterprise type CSG we propose to reserve Group id 119 to 121 and define a LCI of 4 bits. This means we have a CSG id of 24 bits and a CSG id space of 393000 CSGs each with 16 HeNBs. Figure 4 illustrates the CSG id for small enterprise CSG type.
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Figure 4: Interpretation of CI for CSG type ‘Small Enterprise’

Agreement 5: For ‘small enterprise’ type CSG, the CSG id length is 24 bits and only Group Ids 119 to 121 can be used for ‘small enterprise’ type CSG. A Local Cell Identity of 4 bits is defined. 
For medium enterprise type CSG we propose to reserve Group id 122 to 124 and define a LCI of 8 bits. This means we have a CSG id of 20 bits and a CSG id space of 25000 CSGs each with 256 HeNBs. Figure 5 illustrates the CSG id for medium enterprise CSG type.
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Figure 5: Interpretation of CI for CSG type ‘Medium Enterprise’

Agreement 6: For ‘medium enterprise’ type CSG, the CSG id length is 20 bits and only Group Ids 122 to 124 can be used for ‘medium enterprise’ type CSG. A Local Cell Identity of 8 bits is defined. 
For large enterprise type CSG we propose to reserve Group id 125 to 127 and define a LCI of 14 bits. This means we have a CSG id of 14 bits and a CSG id space of 384 CSGs each with 16000 HeNBs. Figure 6 illustrates the CSG id for large enterprise CSG type.
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Figure 6: Interpretation of CI for CSG type ‘Large Enterprise’

Agreement 7: For ‘large enterprise’ type CSG, the CSG id length is 14 bits and only Group Ids 125 to 127 can be used for ‘large enterprise’ type CSG. A Local Cell Identity of 14 bits is defined. 
4. Signalling of Cell Identity

The Group Id can be identified as the 7 most significant bits of the Cell Identity and the Cell Broadcast Identity as the remaining 21 bits. The way the bits are interpreted is dependent on whether the CSG indicator is ON or OFF and on the CSG type as identified by the Group Id. 
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