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1
Introduction

One of the expectations for SAE/LTE is that voice calls can be handled sufficiently well by the system such that the legacy RAT(s) and the CS domain can, if desired, be replaced by SAE/LTE.
This requires that SAE/LTE can achieve voice call completion success rates comparable to – or better than – GSM-CS and UMTS-CS. Achieving good mobile terminating call success rates obviously requires paging to be reliable and efficient. The current high levels of MT call success rate that are possible in GSM-CS are dependent upon various paging retransmission schemes. 
This paper examines how/whether SAE/LTE can achieve adequate MT call success rates.
2
RAN-CN functional split for paging retransmission
In GSM-CS, 2G-GPRS and UMTS it is permitted for ANY of the MSC/SGSN, BSC/RNC and BTS/nodeB to perform paging retransmission.

Which nodes actually perform retransmission is a mix of vendor choice and operator configuration.
Typically, the BSC and BTS (or RNC and eNodeB) come from the same vendor. However, there are many cases where the Core Network (CS or PS) and RAN (2G or 3G) come from different vendors. 

In general, an operator decides whether they want 1, 2, 3, 4 etc paging retransmissions, and the time interval between each page, and then configures the RAN and CN to achieve this. 

For example a 2G CS network could be configured with 3 pages (2 retransmissions) from the MSC and the BTS/BSC not repaging, or, with 2 pages (1 retx) from the MSC coupled with 2 pages (1 retx) from the BTS.
The reasons why GSM BTSs may retransmit paging stem from several issues, eg:
-
paging imposes load on the BSC to distribute pages to all BTSes. Repaging from the BTS rather than the MSC can thus lead to less BSC load.
-
The GSM BCCH carrier has to be transmitted at full power. Hence there is no system advantage in not filling up the paging messages with some information;

-
There are some operational reasons for aligning Location Area boundaries with BSC boundaries. This can result in the cells on that BSC having substantial excess paging channel capacity.

-
etc.

However, different GSM BSS vendors have selected different choices – and not all BSSs perform re-paging.
Note that because the UE’s paging response is sent to the Core Network, the base stations and BSCs do not (typically) know whether the UE has responded to the first page, and hence there is a significant risk that a BSS level re-page is a waste of time.

Note that using a very large number of paging retransmissions puts excessive load on the paging channel, which requires the use of smaller location areas, which results in more lost calls (due to system level problems and signalling channel capacity issues while the mobile performs a movement based location update).
In UMTS and other more advanced radio systems (e.g. LTE), significant efforts are made to reduce the amount of information that needs to be broadcast to the edge of the cell. Hence automatic BTS level repaging appears to be less likely in these systems – but might still be implemented by some vendors, especially if there are ‘system level defects
’ that make it advantageous.
Until fairly recently, most networks have had a relatively simple CN-RAN configuration, i.e. a core Network node from vendor X is ONLY connected to a RAN from vendor Y (where X and Y may or may not be the same). In these scenarios, operators can – with some effort when vendors X and Y are different – generally configure their networks to give good performance.
However, more recently features such as “common MSC/SGSN for 2G and 3G” and “Iu/A/Gb flex” have been deployed.

The consequence of either of these features is that one Core Network node can be connected to RANs with different repaging strategies. E.g. Vendor X MSC connected to vendor X GSM (with BTS repaging) and Vendor X UTRAN (without UTRAN level repaging). 
The result of this is that the MSC (and SGSN) needs to be able to have a separate paging retransmission strategy per A/Iu (or Gb/Iu) interface.
As operators optimise their networks using ‘flex’ and/or combined 2G/3G nodes, the requests for these features will become more obvious to vendors.

3
Retransmission of pages from SAE GW or MME/SGSN ?
Section 2 has shown that the entity performing the paging retransmission needs to have the capability to use different page retransmission strategies on interfaces to different RAT types and on interfaces to different vendors’ RAN equipment of the same RAT type.
With paging retransmission at the SAE GW, the SAE GW only has ‘visibility’ of the MME/SGSN and not the subsequent RAN equipment. 

Conversely, the MME and SGSN both have visibility of the RAN equipment and can perform the appropriate paging retransmission strategies on a “per interface” basis.
4
Conclusion
Thus for high quality voice calls, it seems that paging retransmission has to be performed at the SGSN and MME level, and it cannot be performed at the SAE GW level.
�Note: it is a "happy accident" that GSM mobiles do not miss one paging message at 50% of cell changes. Whether other radio systems (eg UMTS, LTE, WiMAX) have copied this unspecified, undocumented and untested but - for GSM - widely implemented mobile feature is not known.
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