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1 Introduction

During an email discussion started after RAN3#61bis it was agreed that filtering of paging messages towards HeNB cells may be performed in the MME and/or in the HeNB GW (see [1]).  However, it was not specified how such paging optimisation shall be performed and whether the paging procedures shall be modified in order to achieve the filtering.
This paper proposes solutions to enable paging optimisation in HeNB deployment scenarios supported by a HeNB GW.
2 Discussion

For paging optimisation in the context of LTE CSGs it is intended the forwarding of paging messages to the HeNBs supporting CSGs included in the CSG whitelist of the paged UE.  This is also the understanding from the agreed paper [1].
In order to enable paging optimisation in HeNB GW deployment scenarios two main procedures shall be enabled:

1) The MME shall be able to detect the HeNB GWs where the PAGING message needs to be forwarded

2) The HeNB GW shall be able to detect the HeNBs where the PAGING message shall be forwarded

For 1) to occur no changes are required to the current routing of paging messages mechanisms.  In fact, provided that the HeNB GW is assigned a TAI that is not shared by other nodes (i.e. not shared by other HeNB GWs or eNBs), routing of paging messages from the MME to the HeNB GW can be based on TAI.  

Note that if for example a (macro) eNB shared the same TAI of a HeNB GW and the TAI of the eNB was contained in the TA list of the paged UE, the paging message (routed via TAIs) would be sent to the eNB and also to the HeNB GW.  However, the HeNB GW may not support any of the CSGs accessible by the UE, therefore the paging message would not be forwarded to the appropriate nodes.
Proposal 1: In order to support TAI based paging message routing from the MME to the appropriate HeNB GWs, each HeNB GW shall be assigned TAIs not shared by other HeNB GWs or eNBs.
For 2) to occur a two step procedure is required.  

Step 1: HeNB GW shall be aware of the CSGs supported by the connected HeNBs. This allows the HeNB GW to identify the appropriate HeNBs supporting certain CSGs.

Step 2: The HeNB GW needs to be informed about the CSG whitelist of the paged UE.  This allows the HeNB GW to understand which of the connected HeNBs shall receive the paging message.

In order to achieve Step 1 it is proposed that a list of CSG IDs supported by the HeNB is sent in the the S1 Setup Request message from the HeNB to the HeNBGW.  Such parameter informs the HeNB GW of the CSG ID(s) supported by the HeNB and it allows the HeNB GW to map Global eNB IDs to supported CSG IDs.

Proposal 2: In order to enable the HeNB GW to identify which of the connected HeNB supports certain CSGs a CSG ID list shall be included as part of the S1 SETUP REQUEST message sent by the HeNB to the HeNB GW. 

To achieve Step 2 it is proposed that the paging message is enhanced with the CSG whitelist of the paged UE.  Such CSG whitelist is available to the MME (originating the paging message) as part of the UE information retrieved from the HSS.  Therefore the MME could include such CSG whitelist in the paging message forwarded to the HeNBGW.  It is FFS if such UE’s CSG whitelist shall also be included in paging messages sent to nodes different from HeNB GWs. 

By adding the CSG whitelist of the page UE in the paging message the HeNB GW is able to detect the CSGs the UE can access, checkif any of these CSGs is supported by the HeNBs connected and, if appropriate, forward the paging message to the HeNBs supporting accessible CSGs. 

Proposal 3:  In order to allow a HeNB GW receiving a paging message to understand which CSG is accessible by the paged UE, the CSG whitelist of the paged UE shall be included in the paging message.
A figure showing the full paging optimisation procedures for HeNB GW deployment scenarios is shown below.
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Figure 1. Paing optimisation in HeNB GW supported LTE CSGs 
In step 1x and 2x the S1 SETUP REQUEST including a list of supported CSG IDs is shown, followed by the S! SETUP RESPONSE.  The HeNB GW is then able to map Global HeNB IDs to a list of supported CSG IDs.  Once the paging messge from the MME is received by the HeNB GW (step 3), it will contain the CSG whitelist of the paged UE.  This will allow the HeNB GW to understand if any of the connected HeNBs supports a CSG accessible by ht eUE. The HeNB GW will therefore forward the paging message only to the HeNBs supporting UE-accessible CSGs (step 4).  
3 Conclusions

The paper presented a solution for paging filtering in LTE CSG scenarios supported by HeNB GWs.  It is suggested that the following proposals are agreed and captured in the agreement section of [2]
Proposal 1: In order to support TAI based paging message routing from the MME to the appropriate HeNB GWs, each HeNB GW shall be assigned TAIs not shared by other HeNB GWs or eNBs.

Proposal 2: In order to enable the HeNB GW to identify which of the connected HeNB supports certain CSGs a CSG ID list shall be included as part of the S1 SETUP REQUEST message sent by the HeNB to the HeNB GW.
Proposal 3:  In order to allow a HeNB GW receiving a paging message to understand which CSG is accessible by the paged UE, the CSG whitelist of the paged UE shall be included in the paging message.

It is also suggested that the CR R3-083247, including the changes needed for the above solutions, is discussed and agreed.
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