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1. Introduction
In RAN#71, a new SI “Study on Flexible eNB-ID and Cell-ID in E-UTRAN” [1] was agreed.  The study is to identify potential technologies to deploy a large number of eNB and also eNB can handle more Cells in E-UTRAN.
This paper mainly focus on the possible solutions to support the number of cell beyond 256 in an eNB.
2. Discussion

With the growth of the processing capability in hardware and more CC supported in CA, the capacity of an eNB is become bigger and bigger. The limitation of 256 cells in an eNB will become a limitation of flexible eNB deployment. This type of large eNB is effectively reducing S1 signaling towards core network, implementation complexity and OPEX, and taking the advantage more inter-cell intra-eNB coordination to improve the performance. 
In current specification, there is only one type of Macro eNBs with 20 bits eNB ID. The relationship between ECGI, CI (28bits) and eNB ID (left 20bits of CI) are defined as following in TS 36.300 [3]: 
-
E-UTRAN Cell Global Identifier (ECGI): used to identify cells globally. The ECGI is constructed from the PLMN identity the cell belongs to and the Cell Identity (CI) of the cell. 
-
eNB Identifier (eNB ID): used to identify eNBs within a PLMN. The eNB ID is contained within the CI of its cells.

To support more cells in an eNB, it is straightforward to extend more cell bits in the CI. The extension of cell bits may result in the extension of CI. However, the CI is broadcasted in the SIB1. The extension of CI will result in the change of SIB1 which is not backwards compatible to the legacy UEs. Therefore, the solutions which result in extending the length of the CI should be avoided, which is the same requirements discussed in [4] for eNB ID extension.

It is possible to enlarge cell bits without change the eCGI structure. There are three possible solutions to achieve this: fixed extension, flexible extension, or multi-eNB ID supporting in an interface instance. 
2.1 Establish an interface instance per eNB

This is an implementation choice available today, which is just to integrate several logical eNB to a physical one, therefore this eNB can serve more than 256 cells. Each logical eNB will follow current standardization, and establish the interface to the other eNBs and MME independently. 

There is no impacts on current specification, but apparently to waste the transport and singling because it established several interfaces between the same eNB and the MME. Even there some intra-node handling e.g. handover between eNBs but still in the physical eNB, there needs some extra signalling exchange between RAN and CN.
2.2 Fixed extension of Cell bits
This solution is simply to extend a fix number of the cell bits of eNB ID e.g.1 or 2 bits, while the maximum supporting cells will be 512 or 1024 accordingly. The exact bit extension could be based on the expectation from the operators. The eNB ID is introduced as an extendable choice IE. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE eNB ID
	M
	
	
	

	>Macro eNB ID
	
	
	
	

	>>Macro eNB ID
	M
	
	BIT STRING (SIZE(20))
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE of each cell served by the eNB.

	>Home eNB ID
	
	
	
	

	>>Home eNB ID
	M
	
	BIT STRING (SIZE(28))
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE of the cell served by the eNB.

	>Extended short eNB ID
	
	
	
	

	>>Extended short eNB ID
	M
	
	BIT STRING (SIZE(18 or 19))
	Equal to the 18 or 19 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE of each cell served by the eNB.


As the change will be only for the current IE backward compatible extension. There is no other changes needed than adding one more choice of the eNB ID in the specification with all messages involving eNB exchange. 
The impacts analysis are as follows:
· UE : There is no extension of E-CGI and the eNB ID is transparent to the UE, therefore there is no impacts on the UE
· RAN: There will be one more type of eNB ID, the eNB need be able to derive the eNB ID from the ECGI e.g. in ANR procedure. More configuration in eNB is needed to differentiate the length of eNB ID by the ECGI range or other configuration.

· CN: The MME needs to update to identify the new type of eNB ID. 

2.3 Flexible extension of Cell bits
This solution is to introduce a flexible length of the eNB ID according to the ID value. The exact bit extension could be based on the expectation from the operators. The eNB ID is introduced as an extendable choice IE. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE eNB ID
	M
	
	
	

	>Macro eNB ID
	
	
	
	

	>>Macro eNB ID
	M
	
	BIT STRING (SIZE(20))
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE of each cell served by the eNB.

	>Home eNB ID
	
	
	
	

	>>Home eNB ID
	M
	
	BIT STRING (SIZE(28))
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE of the cell served by the eNB.

	>Extended eNB ID
	
	
	
	

	>>Extended eNB ID
	M
	
	BIT STRING (SIZE (18..19, …))
	Equal to the 18 or 19 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE of each cell served by the eNB.


As the change will be only for the current IE backward compatible extension. There is no other changes needed than adding one more choice of the eNB ID in the specification with all messages involving eNB exchange. 
The impacts analysis are as follows:

· UE : There is no extension of E-CGI and the eNB ID is transparent to the UE, therefore there is no impacts on the UE

· RAN: There will be one more type of eNB ID, the eNB need be able to derive the eNB ID from the ECGI e.g. in ANR procedure. More configuration in eNB is needed to differentiate the length of eNB ID by the ECGI range or other configuration. As the length of the eNB ID is not fixed. The configuration and planning of the configuration will be much higher depend on the number of eNB ID choices in this flexible choice. 
· CN: The MME needs to update to identify the new type of eNB ID. 

2.4 Supporting more Macro eNB IDs in an interface instance

This solution is simply to allow the eNB having more Macro eNB IDs (20bits eNB ID), like the additional PLMNs in RAN sharing.  The solution doesn’t change the eNB ID format, just allow the eNB can having more eNB IDs. This solution needs the eNB inform the other node about the all the supporting eNB ID of this eNB via a single interface instance. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Additional eNB ID list
	
	1 .. <maxnoofeNB IDs>
	
	

	CHOICE eNB ID
	M
	
	
	

	>Macro eNB ID
	
	
	
	

	>>Macro eNB ID
	M
	
	BIT STRING (SIZE(20))
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE (see subclause 9.2.1.38) of each cell served by the eNB.

	>Home eNB ID
	
	
	
	

	>>Home eNB ID
	M
	
	BIT STRING (SIZE(28))
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE (see subclause 9.2.1.38) of the cell served by the eNB.


	Range bound
	Explanation

	maxnoofeNBIDs
	Maximum no. of additional eNBID allowed for an eNB, the maximum value is n. 


As the change will be in backward compatible way for protocol extension as other features. There is no other changes needed than adding this additional eNB ID list in a reflected interface instance e.g. S1. 
The impacts analysis are as follows:
· UE : There is no change of eNB ID and E-CGI format, therefore there is no impacts on the UE

· RAN: No additional efforts than current implementation as there is no change of eNB ID and E-CGI formats.  
· CN: The MME needs to update to allow more eNB ID in an S1 instance. 

3. Conclusion
Based on the discussion in this paper, we propose RAN3 to agree the following proposal:
Proposal 1:
It is proposed RAN3 to agree the possible solutions in setion 2 and cresponding TP in [5] for the TR36.896.
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