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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’s and also eNB’s that can handle more Cell’s in E-UTRAN.
This paper mainly focus on the possible solutions to support the number of eNB beyond 1.04 million in a PLMN.
2   Discussion

Currently, the demand of small cells deployment in hotspot becomes more and more. The number of small cells is extremely higher than the number of traditional Macro cells, but there is less number of cells in the small eNBs comparing to Macro. Being a big country with a vast and complex terrain, China has experienced profound changes to its urban and rural infrastructure. To improve the quality of LTE network effectively, there is already very large number eNBs deployed in big countries E.g. well over 0.46 million LTE/LTE-A eNBs have been deployed in China Telecom’s network by the end of 2015. Moreover, considering the demand of mobile data traffic is increasing dramatically every year, more and more eNBs will be deployed to improve network capacity and user experience especially the small eNB deployments in hotspot areas. The maximum number of eNBs in a PLMN is predicted to exceed 1 million in the coming years. 
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 number of eNBs, it is straightforward to extend more bits for eNB ID. The extension of eNB ID 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.
Proposal 1: The solutions which result in extending the length of the CI should be avoided.

It was also noted that it also possible to apply a new PLMN to enlarge the eNB ID capacity in the operator’s network or reuse the eNB ID in geography area in implementation. However, the new PLMN will require the updates of all legacy UEs in current operator’s network and the reusing of eNB ID break the uniqueness of the eNB ID in a PLMN. In the meantime, it clearly stated in the SID [1] that the study is to “Support of the number of eNB beyond 1.04 million in a PLMN”.

Observation 1: the study is to study the solutions to extend the maximum number of eNBs in a PLMN.

The shortage of eNB ID in a PLMN are mainly because of the large deployments of small eNBs for hotspots, and the eNB is supposed to serve much less cells than the maximum design e.g. considering Rel10~R12 CA support maximum 5CC aggregation, 4 bit is sufficient to identify for most eNBs with three sectors. It is possible to enlarge eNB numbers in a PLMN without change the length of CI. There are two possible solutions to extend the eNB ID and keep the CI length unchanged: one is fixed extension, the other one is flexible extension.
2.1   Fixed extension of eNB ID

This solution is simply to extend a fix number of the eNB ID bits e.g.1 or 2 bits while keeping the CI the CI length (28bits) unchanged. 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(21 or 22))
	Equal to the 21 or 22 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 CI 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. 

2.2   Flexible extension of eNB ID

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 (21..22, …))
	Equal to the 21 or 22 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. 

3   Conclusion
Based on the discussion in this paper, we propose RAN3 to agree the following proposal:
Observation 1: the study is to study the solutions to extend the maximum number of eNBs in a PLMN.

Proposal 1: The solutions which result in extending the length of the CI should be avoided.
Proposal 2:It is proposed RAN3 to agree the possible solutions in setion 2 and cresponding TP in [4] for the TR36.896.
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