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1
Introduction
At RAN#71 meeting a study item on “Flexible eNB-ID and Cell-ID in E-UTRAN” was approved [1]. The objective of this study is to identify potential technologies to deploy a large number of eNB’s and also eNB’s that can handle more cells in E-UTRAN. 
At RAN3#91bis, three possible solutions for “Extend maximum number of eNBs in a PLMN” are identified and documented in the TR [2]. 
This paper is a text proposal to the TR chapter 5, with information from ref [3], ref [4] and ref[5].
2
Text Proposal to the TR
************** Text Proposal to TR 36.896 ****************
5
Extend maximum number of eNBs in a PLMN
5.1
Evaluation criteria
The solutions presented this study shall be analysed with the following evaluation criteria:
· Impact on existing nodes (UE, CN and upper layers, eNB, UTRAN, GSM, WLAN)

· Impact on the Billing system and Location system
· Impact on specification , existing features and procedures

· Impact on interworking with legacy nodes

· Impact on CAPEX/OPEX
5.2
Possible Solutions

5.2.1 Fixed extension of eNB ID

This solution is to extend the eNB ID by a fixed number of bits (e.g.1 or 2 bits) while keeping the CI length (28bits) unchanged. The eNB ID is introduced as an extendable choice IE using 21 bits extension as an example. 

	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))
	Equal to the 21 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE of each cell served by the eNB.


The solution requires modification on different 3GPP specifications when moving the boundary in ECI so that eNB could use 20+N bits, while Cell ID uses 8-N bits. In the solution, a new “Extended eNB ID” is introduced as a new choice of “Global eNB ID IE”. While the IE itself is extendable and the impact to ASN.1 is manageable, the impact on the LTE RAN and other parts in the network needs to be analysed. 
5.2.1.1 Impact on S1 Application Protocol (S1AP)
The below procedures use the eNB ID thus to extend the eNB ID would have impact on:
· S1 setup

· Public Warning System functionality, emergency services with cell knowledge

· Handover

· eNB/MME Configuration Transfer
· …
Observation: the solution to extend eNB-ID impact procedures/messages in S1AP, MME, and eNB.

5.2.1.2 Impact on X2 application protocol (X2AP)
The below procedures use the eNB ID thus to extend the eNB ID would have impact on:
· X2 setup

· X2 Release
· X2 Removal

· X2AP Message Transfer
· X2 Handover 

· …

Observation: the solution to extend eNB-ID impact procedures/messages in X2AP and the neighbouring eNBs.
5.2.1.3 Impact on M2 application protocol (M2AP)
The below procedures use the eNB ID thus to extend the eNB ID would have impact.
· ENB CONFIGURATION UPDATE

· M2 SETUP REQUEST
· …

Observation: the solution to extend eNB-ID impact procedures/messages in M2AP and MCE nodes.

5.2.1.4 Impact on other layers and nodes

The LPPa signalling data is transparently conveyed between the E-SMLC and the eNB. So the new extended eNB-ID impacts for example SLs interface.

TS 29.171, Location Services (LCS); LCS Application Protocol (LCS-AP) between the Mobile Management Entity (MME) and Evolved Serving Mobile Location Centre (E-SMLC); SLs interface

For example, the Macro eNB ID is defined as 20 bits. 

In 7.4.19
Network Element 
This parameter identifies the source or destination of the message. The network element is identified by association with either an eNB ID or the identity of an E-SMLC.
Table 7.4.19-1: Network Element 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Network Element
	M
	
	
	

	 >Global eNB ID
	
	
	
	The global identity of the eNB

	  >>PLMN Identity
	
	
	7.4.27
	

	  >>eNB ID
	
	
	7.4.29
	

	 >E-SMLC Identity
	
	
	INTEGER (0..255)
	The identity of the E-SMLC (an index to identify an specific E-SMLC among all the available E-SMLCs in the network)


In 7.4.29
eNB ID

This information element is used to identify an eNB.

Table 7.4.29-1: eNB ID

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

	CHOICE eNB ID
	
	
	
	

	>Macro eNB ID
	M
	
	BIT STRING (20)
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE (see section 7.4.4) of each cell served by the eNB

	>Home eNB ID
	M
	
	BIT STRING (28)
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE (see section 7.4.4) of the cell served by the eNB


In ASN.1 

Macro-eNB-ID ::= BIT STRING (SIZE (20))
Observation: the solution to extend eNB-ID has impact on SLs interface and E-SMLC location centre.

Another example is the impact on TS 29.274, 3GPP Evolved Packet System (EPS); Evolved General Packet Radio Service (GPRS) Tunnelling Protocol for Control plane (GTPv2-C); Stage 3

In 8.51
Target Identification

…
The Target Type is Macro eNodeB ID for handover to E-UTRAN Macro eNodeB and RAN Information Relay towards E-UTRAN. In this case the coding of the Target ID field shall be coded as depicted in Figure 8.51-2.

	
	
	Bits
	

	
	Octets
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	6
	MCC digit 2
	MCC digit 1
	

	
	7
	MNC digit 3
	MCC digit 3
	

	
	8
	MNC digit 2 
	MNC digit 1
	

	
	9
	Spare
	Macro eNodeB ID
	

	
	10 to 11
	Macro eNodeB ID
	

	
	12 to 13
	Tracking Area Code (TAC)
	


Figure 8.51-2: Target ID for Type Macro eNodeB

The Macro eNodeB ID consists of 20 bits. Bit 4 of Octet 9 is the most significant bit and bit 1 of Octet 11 is the least significant bit. The coding of the Macro eNodeB ID is the responsibility of each administration. Coding using full hexadecimal representation (binary, not ASCII encoding) shall be used.
Observation: the solution to extend eNB-ID has impact on GTP tunnelling protocol.
We also need to look into areas such as HSS and PCRF functions that control area restrictions and Billing systems with area dependent tariffs, to identify the impacts.

5.2.1.5 Impact on key feature and function

The key LTE features and functions, such as public warning system, handover/relocation and SON are impacted by this solution. 

· Public Warning System

The PWS Restart Indication message contains the Global eNodeB ID and list of ECGIs. This information is forwarded to the CBC via the MME. Consequently there is impact on CT1/CT4 specifications as well as on CBC implementations. 

Impact on specifications belongs to CT1 and CT4 so these groups should be consulted.
The backward compatibility aspects for CBC is FFS and needs to be further stuied.
· RRC Resume feature

Which this solution, Macro eNB-ID has two different variations. In the recent RRC resume feature, at TSG RAN meeting #71 it was agreed that:

· From RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume). 

· For UP solution, Source eNB assigns ID which is 40 bits. This is signaled in Msg3 to the target eNB

· How to map UE and network part to 40 bits is not visible to the UE and can be discussed in RAN3.  
When this was discussed, we can be certain that Macro eNB-ID has only one format,  that is 20 bits. Now how the currently 40 bits will be designed or how the new extended eNB-ID with more than 20 bits would have impacts remain to be seen.

Observation: the solution to extend eNB-ID may impact RRC resume.
· SON feature

The MACRO eNB ID change may have bigger impact on SON features, e.g. when ANR is used to configure the network the core information used are UE measurement results providing PCI, ECGI, TA and PLMN of the measured cell. The eNodeB builds the eNB Configuration Transfer message including the SON Configuration Transfer IE. The SON Configuration Transfer IE contains the Global eNodeB ID. Now the UE could not tell if the neighbouring eNB is using the legacy ID, or the modified ID. The serving eNB thus will have difficult to use the global cell identity to find out the neighbouring eNB, especially when it is an unknown neighbour.
Observation: the solution to extend eNB-ID will impact SON feature. We also need to look into other features to identify the impacts.
5.2.1.6 Impact on other RATs

We have a couple of IRAT functionality between LTE/UTRAN, LTE/ GSM and LTE/WLAN

Giving an example in UTRAN, during Relocation, Target eNB-ID for macro is known as 20 bits today in UMTS, GSM and WLAN. To change the macro eNB ID would impact the specifications dealing with the Target eNB-ID, for example, in TS 25.413, TS 25.423, TS 48.018.
Observation: the solution to extend eNB-ID has impact on the other RATs, such as UTRAN, GSM, WLAN. 

5.2.1.7 Other Impacts

Which this solution, each eNB having the extended eNB-ID would have much less cells compared to today. It is in conflicting with the trends that nowadays the eNBs are getting more and more powerful and CA are using more and more carriers. We question the use case of having more than 1 million super small eNB deployed.

Observation: by moving the boundary in ECI to extend eNB-ID will result fewer cell-ID in the eNB.

5.2.2 Using Multiple PLMN IDs
To allow more eNBs in an operator network, the operator could use more than one PLMN ID in the network to support more than 1.04 million eNBs in their network.
5.2.2.1 Equivalent PLMN
The Equivalent PLMN has been introduced since 3GPP R99 specifications and also adopted to the LTE. It extends the HPLMN concept to a set of PLMNs which the mobile equipment considers as equivalent. 

One main purpose of ePLMN is to help the operator who has different PLMN codes should all be treated as a single HPLMN.

So when a new PLMN is acquired by the operator, for the purpose such as to handle the situation of having more than 1 million eNBs deployed, the new PLMN is declared as an equivalent PLMN of the existing PLMN.

The E-PLMN list is signalled to the mobile equipment by the MME, MSC or SGSN, from the registered PLMN, at each Tracking Area Update, Location Area Update, Routing Area Update and IMSI Attach procedures via a dedicated signalling connection. For example in LTE, it is included in the Tracking Area Update Accept message. 

The mobile equipment shall store the list of "equivalent PLMNs". The mobile equipment shall treat these PLMNs as equivalent to each other for PLMN selection and cell selection/reselection and handover.

Observation: The Equivalent PLMN introduced in 3GPP R99 and also adopted to the LTE allows the user equipment store the new PLMN and treat the new PLMN as equivalent as the registered PLMN. Solution 5.2.2 does not require the update of SIM cards for the existing UE.
5.2.2.2 Network configuration
Take another deployment example. In this example, the operator has been using one PLMN ID and now adds a new PLMN ID. The following notation is used:

· PLMN A: existing PLMN in the operator network.

· PLMN B: New PLMN added in the operator in order to enable deployment of more eNBs.
In this example the existing user equipment are registered in PLMN A. 

The eNBs broadcast system information in SIB 1. As a single cell can belong to multiple PLMNs, so SIB 1 may broadcast a list of PLMN identities.
· Existing eNBs: 

· Broadcasted primary PLMN: PLMN A

· Broadcasted secondary PLMN: None

· New added eNBs: 
· Broadcasted primary PLMN: PLMN B
· Broadcasted secondary PLMN: PLMN A

The MMEs are configured to support both PLMNs and regard them as equivalent:

· Served PLMNs: PLMN A and PLMN B

· Served Group IDs: No update needed

· Served MMEC: No update needed
All the above configurations are supported by the existing specification today.

With this configuration a UE whose SIM is registered on PLMN A is able to request services on the eNBs with primary PLMN B. All identifiers required for identifying the new eNBs use PLMN B.
The UE supporting LTE supports reading of the multiple PLMNs.
Observation: By including PLMN A in the PLMN-Identity List in SIB 1, the cells in the new eNB are accessible by the UE registered in PLMN A.  No update of SIM cards is needed.

5.2.3 Reusing eNB ID in different geographic areas
This solution is to reuse eNB IDs for the areas that are geographically very far apart. 
When we say that two areas, Area A and Area B, are geographically very far apart we mean:

-
The probability that a UE in Area A detects an eNB in Area B is not significant.

-
The probability that a UE in Area B detects an eNB in Area A is not significant.

-
The interference by an Area A eNB in Area B is not significant

-
The interference by an Area B eNB in Area A is not significant

-
An eNB in Area B using the same eNB ID as an eNB in Area are configured with different tracking areas and there is neither the chance that those tracking areas ever appear in the same TA list any UE is registered, nor any possible the two TA lists are “neighbouring” TA lists.
Since the eNBs does not detect each other based on UE measurements and do not cause any interference there is no need to setup X2 between them. UE would not be in need to handover between the eNBs with the reused ID either via S1 or via X2, and the UE does not need to report network neighbours between those eNBs.
With the above, reusing the eNB IDs would not cause any ambiguity. 
5.3
Evaluations
5.3.1 Fixed extension of eNB ID

The evaluation of this solution in chapter 5.2.2 according to the evaluation criteria defined are listed in below:

· Impact on existing nodes (UE, CN and upper layers, eNB, UTRAN, GSM, WLAN): Impact on CN and upper layers, eNB, UTRAN, GSM, WLAN, E-SMLC, MCE, …
· Impact on the Billing system and Location system: Impact
· Impact on specification , existing features and procedures: Impact on TS including eNB ID, encoding of eNB-ID,
· Impact on interworking with legacy nodes: Impact
· Impact on CAPEX/OPEX: Impact on OAM
5.3.2 Using Multiple PLMN IDs
As discussed above, all the action needed for an operator to support more than one PLMN, so that more than 1 million eNBs can be deployed is supported by the standard today. Thus in the evaluation of this solution in chapter 5.2.2 according to the evaluation criteria defined are listed in below:
· Impact on existing nodes (UE, CN and upper layers, eNB, UTRAN, GSM, WLAN): No impact
· Impact on the Billing system and Location system: No impact
· Impact on specification , existing features and procedures: No impact

· Impact on interworking with legacy nodes: No impact
· Impact on CAPEX/OPEX: No impact
5.3.3 Reusing eNB ID in different geographic areas
The evaluation of this solution in chapter 5.2.3 according to the evaluation criteria are listed in below:

· Impact on existing nodes (UE, CN and upper layers, eNB, UTRAN, GSM, WLAN): No impact
· Impact on the Billing system and Location system: No impact
· Impact on specification , existing features and procedures: No impact

· Impact on interworking with legacy nodes: No impact
· Impact on CAPEX/OPEX: No impact
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