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1.
Introduction

In TS 22.011[1], there is a requirement to support at least 125 million CSG ids in a PLMN.  In R3-081534[2], RAN3 indicate their agreement to have an eNB identifier of 20 bits and a Cell Identity (CI) of 28 bits. RAN3 also indicated their preference to embed the eNBid and the CSG id within the Cell Identity. Moreover, both RAN3 in [2] and CT1 in [3] indicate their preference to have AS identifiers to be defined independently of NAS identifiers (e.g. TAC).
In [4], we proposed to have a fixed CSG id length of 27 bits which is made up of 7 bits Group Id and the 20 most significant bits of a Cell Broadcast Identity. However, such a definition required an extension of the Cell Identity definition to include a Local Cell Identity which we assumed in [1] to be 8 bits allowing up to 256 cells under each CSG id.  One concern raised during RAN2#62bis was that the number of cells under a CSG can be as high as 16000 for a large enterprise and hence the proposed definition would not be sufficient. However, it is understood that only a very small fraction of CSGs would have such large number of cells. 
In this document, we propose to define several types of CSGs and define a variable length CSG id and Local Cell identity for each type. Moreover, we propose to keep the Cell identity size at 28 bits and support up to 125 million CSG ids as required in [1]. 
2. CSG Types
In home environment, it is likely that one CSG id would be associated with only one HNB 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.
Proposal 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
Proposal 2: The Cell identity is made up of a Group Id and a Cell Broadcast ID
3.1 Definition of eNB id within Cell Identity
In SIB 1 there is currently a CSG indicator which is broadcast to indicate whether a cell is a macrocell or home cell. In the CSG indicator if OFF (i.e. cell is a macrocell) the CI is interpreted as follows:
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Figure 2: Interpretation of CI in case CSG indicator is OFF

Thus for normal macrocell operation, the eNB id can be embedded within the Cell Identity as preferred by RAN3 and we can have up to 256 cells per eNB.
Proposal 3: For macrocells, the eNB id is made up of the Group Id and 18 most significant bits of the Cell Broadcast Identity. 
3.2 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 proposal 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 millions 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 19 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’
Proposal 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’

Proposal 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’

Proposal 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’

Proposal 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. 
5 Summary

In this document the following proposals are made:

Proposal 1: Four types of CSGs are defined: Home (2 cells), Small Enterprise (16 cells), Medium Enterprise (256 cells) and Large Enterprise (160000 cells)

Proposal 2: The Cell identity is made up of a Group Id and a Cell Broadcast ID
Proposal 3: For macrocells, the eNB id is made up of the Group Id and 18 most significant bits of the Cell Broadcast Identity. 

Proposal 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.
Proposal 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. 
Proposal 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. 
Proposal 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. 
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