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1 Introduction 

From SA1’s requirements, there are at least 125 million CSG Identities within a PLMN. And a CSG has one or more than one HeNBs. So, in theory, there are huge amount of HeNBs in a PLMN. To limit paging through HeNB is very important in EPS. This paper aims to discuss paging optimization if HeNB GW deployed.
2 Background
Refer to agreed contribution [1] in CT1#55, MME sends the paging request message only to those HeNBs which have the TAI in the UE's registered TAI list and the CSG ID in the UE's CSG whitelist; or MME provides both the TAI and the UE's CSG whitelist to those HeNBs which have the TAI in the UE's registered TAI list, and each of the HeNBs decides whether its cell belongs to the CSG area and the paging is sent via the radio interface.
3 Discussion and Conclusion
CT1 just focuses on HeNB directly connecting to MME scenario. For HeNB GW deployed scenario, further study is needed in RAN3. 
The discussion should base on following figure.  

[image: image1.emf]heNB1/ 

TA1

heNB2/ 

TA2

heNB3/ 

TA2

heNB4/ 

TA3

heNB GW1

MME

CSG 1 CSG 2

 
HeNB GW1 supports TA1, TA2 and TA3 in TA concept. In CSG concept, HeNB GW1 supports CSG 1 and CSG 2. UE’s white list contains CSG1, CSG2 and others. Now, MME assign TA1 and TA2 as registed TAI list to UE. The registered TAI list contains CSG1 and CSG2.
If MME wants to page UE, at first, MME should decide to send paging on which HeNB GW. For a HeNB GW, if one of its supporting TAs is in TAI list and if one of its supporting CSGs is in white list, MME should send paging to this HeNB GW.
Second, MME tells HeNB GW paging should be sent on which CSGs. These CSGs are the intersection of HeNB GW supporting CSGs, white list and CSGs contained in resisted TAI list. 
For this example, MME chooses HeNB GW1, and tells it paging on CSG1 and CSG2. Then, HeNB GW1 sends paging on HeNB1, HeNB2, HeNB3 and HeNB4. But HeNB4’s TA is not in TAI list, paging should not be sent on it.
So, for further improvement, MME should tell HeNB GW paging parameters not only CSGs but also TAIs. These TAIs are intersection of registered TAI list and HeNB GW supporting TAIs. 
If so, MME chooses HeNB GW1, and tell it paging on CSG1 and CSG2 and TA1 and TA2. Then, HeNB GW1 sends paging on HeNB1, HeNB2 and HeNB3. The result is exact.
If just telling HeNB GW white list and TAs, it may sends paging on redundant HeNBs.
The way MME know HeNB GW supporting TAIs and CSGs is FFS.
It is proposed to adopt conclusions above to TR R3.020.

*********************************Begin of First Modification********************************
3.1.1.1 6.2.2.2.2 Method 2: S1-flex support by means of S1 proxy at HeNB Gateway 
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Figure 6.2.2.2.2-1. Introduction of an HeNB GW.

Enabled properties for Home eNBs (not mandated)

S1:
The HeNB could be S1 connected to a single (CN-)node.

S2:
The HeNB should be logically connected to the same MME pool, which serves also macro eNBs (see figure above).

S3:
HeNB needs not support NNSF, i.e. S1-flex functionality might not be configured in the HeNB, instead,  it could be provided by means of the proxy S1 function at the HeNB GW.

Properties of the HeNB Gateway

G1:
The HeNB GW appears as a C-plane and U-plane relay for dedicated S1 connections.

G2:
The HeNB GW acts (from an EPC point of view) as a (macro) eNB, the c-plane interface is the S1-MME, the u-plane interface is the S1-U (as shown in the figure above). The Home eNB GW acts towards the Home eNB as a single EPC node.

G3:
The HeNB GW ensures S1-flex connectivity for the HeNB and is able to provide a 1:n relay functionality (a single HeNB to n MMEs). 
G4:
The HeNB GW registers towards a pool of MME(s) when put into operation via the S1 setup procedure.  

G5 : 
HeNB GW supports setup of S1 interface with the HeNBs.

Identification of HeNB GW and routing issues

The HeNB GW is the only node visible by the EPC, i.e. EPC sees the HeNB GW as a macro eNB and HeNB GW sees HeNBs as base stations.  As a consequence, mechanisms need to be in place in order to identify a HeNB GW and to route signalling messages to it. 

· As described in the figure above the HeNB Gateway needs to be able to provide a 1:n relay functionality between a HeNB and a pool of MMEs.  At the same time the HeNB GW should be a stateless node, i.e. it should not keep mapping between UEs or HeNBs served within its domain of operation and core network elements.  Consequently, connectivity to the HeNB GW cannot be based on TNL addresses only (think of 2 UEs being registered in different MMEs of an MME-pool). Hence, the provision of global node-IDs at S1AP protocol level becomes absolutely necessary and should be available for HeNB GWs. 

· A specific Tracking Area Identity, consisting of a TAC within a certain range of specific Tracking Area Codes and indicating CSGs and/or Home access, should uniquely identify a HeNB GW together with PLMN Identities towards the CN.  In other words, a HeNB GW shall be uniquely associated a TAI.  Such TAI could be indicated to th eHeNB GW during the automatic setup. 

· The HeNB GW, acting as a (macro) eNB towards the CN nodes, might necessitate identifying itself at automatic S1 setup with a specific Identification parameter.  Such parameter could be a Tracking Area with a specific Tracking Area Code (a single specific TAC or out selected from a set of dedicated “home” Tracking Area Codes). This might be information provided on the BCCH broadcast by the HeNBs served by the HeNB GW.

Coordination of S1AP IDs and TEIDs involving HeNBs at the HeNB GW

When tunnels are setup between HeNBs and core it should be possible to avoid conflicts with the TEIDs selection, especially in cases when the TEID is allocated by the HeNB.  This is because the HeNB will not have visibility of the available TEIDs.  The HeNB GW could help resolving cases when a TEID is assigned to one HeNB as well as to a different HeNB/eNB.

The following solutions are proposed:

· In the case TEIDs are allocated by the S-GW there should not be conflicts as the S-GW should be able to choose unused TEIDs.

· In the case TEIDs are allocated by the HeNBs there will be the need of a TEID translation at the HeNB-GW side, as the GW acts as a single node and the ranges selected by the HeNBs may overlap with already used TEIDs in the PLMN (dependent on implementation specifics). 
A possible solution would be to co-ordinate/control TEID assignment at the HENB GW, hence signal towards the HeNB the range of (DL) TEIDs it is allowed to allocate at setup.

The same problem of clashing TEIDs might be encountered with S1AP IDs at S1AP setup.  In this case th eHeNB GW could fulfil the function of coordinating assignment of S1AP IDs.  It is however envisaged that the MME provides ranges of S1AP IDs to be used by each HeNB GW.

It might be advantageous to enable MME(s) to provide with ranges of unique eNB S1 AP IDs per HeNB GW, which necessitates a coordination function at the HeNB GW, i.e. the HeNB needs to be provided with an allowed eNB S1 AP ID address range at HeNB operation start (during S1 setup procedure)
Paging Optimization

Paging optimization should be done by MME. Following principles are proposed:

· MME should decide to which HeNB GW(s) the paging is sent. For a HeNB GW, if one of its supporting TAIs is in TAI list and if one of its supporting CSG IDs is in white list, the MME should send paging to this HeNB GW.
· MME should send paging CSG IDs  and paging TAIs to HeNB GW. The paging CSG IDs are the intersection of the CSG IDs the HeNB GW supporting,  the CSG IDs in the white list and the CSG IDs which are deployed in the coverage of registered TAI list. The paging TAIs are the intersection of the registered TAI list and the TAIs the HeNB GW supporting. HeNB GW should send paging to the HeNBs that belongs to the paging CSGs and  the TAI of the HeNB is in the paging TAIs.
*********************************End of First Modification**********************************
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