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1.  Introduction

Mainly two proposals exist currently in the TR for Paging and DL PDUs buffering: 

· MME buffers: when the UE moves to Idle, S1-U between eNB and S-SAEGW is released and replaced by S11-U between MME and S-SAEGW. DL PDUs are sent to MME, MME buffers and initiates Paging.

· SAEGW buffers: when the UE moves to Idle, S1-U is released between eNB and S-SAEGW. MME has no UP. S-SAEGW buffers DL PDUs and requests Paging to MME.
The retained paging solution has to solve the 3G URA-PCH specific case that implies that when a UE moves in URA-PCH in the RNC or in 3G Idle mode in the SGSN, S4-U still exists, i.e. S-SAEGW does not see whether a UE under 3G is 3G Active, 3G Idle or 3G URA-PCH.
This contribution describes and compares the Paging procedures obtained when DL PDUs buffering is done in the MME or done in the S-SAEGW.

It also shows reasons for preference for S-SAEGW buffering during Paging.

2.   Discussion
This section describes 2 architecture proposals and associated Paging. 
2.1    Architecture A, DL PDU buffering in MME:
In this architecture, MME buffers DL PDUs and handles paging in a similar way as a 3G SGSN:
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· When a UE moves to LTE Idle, S11-U is established to replaces S1-U. S-SAEGW does not receive any information regarding UE state in 3G or in LTE
· S-SAEGW has no visibility of 3G or LTE state but SAEGW knows in which access the UE was last active in: S-SAEGW sends DL PDUs to the latest access were the UE was registered in
At DL PDU arrival:
· If the last known access was in 2G/3G, S-SAEGW sends DL PDUs to the SGSN, then:
· Paging can take place in the SGSN or in the RNC if the UE is in URA-PCH state
· If UE is in URA_PCH, the RNC needs to advice the SGSN that paging is ongoing in order to start a LTE paging too (change in Legacy). 

· As  soon as 2G/3G paging takes place (in RNC or in SGSN), SGSN requests LTE paging to MME over S3, this is a change to Legacy.

· If the last known access was in LTE, S-SAEGW sends DL PDUs to MME (over S11-U), then:
· MME pages in LTE
· MME requests 3G paging to SGSN over S3 (change to Legacy)
At the Paging response:

· If UE responds to paging in LTE, the MME may need to retrieve the most recent MM+SM contexts from the SGSN. If data were buffered in the SGSN, the SGSN has also to forward data over S3-U (change to legacy) and the MME has to forward them to the UE, either over S1-MME (UP for S1-MME) or via the S-SAEGW (S-SAEGW has to handled data forwarding).
The MME establishes the appropriate S1-U bearers between eNB and S-SAEGW to allow the SAEGW to forward next buffered data to eNB. 
· If the UE responds to paging in 2G/3G, the RNC should inform the SGSN to stop LTE paging and to retrieve most recent MM and SM contexts from MME (change to legacy), SGSN may then need to update PDP Contexts with the S-SAEGW (change in legacy procedure). The SGSN needs to handle data arrival from S3-U and from S4-U (two data arrival for legacy)

Conclusion for paging architecture A:

This architecture A has some impacts on Legacy nodes mainly to notify the URA-PCH paging response to the SGSN, to support paging coordination over S3 interface, to retrieve MM and SM contexts from LTE. It also implies S3 data forwarding and two DL PDU arrival to be managed in the legacy SGSN. It also implies a data forwarding mechanism in the MME to eNB (with associated User plane for S1-MME or data forardig mechanism and additional delay in data transfer via S-SAEGW).

This proposal only avoid some buffering in the S-SAGW, but on the other hand it mandates buffering in the  MME and adds need for a data forwarding mechanism and user plane for S1-MME, while this interface could remain a CP only interface.
2.2    Architecture B with DL PDU buffering in S-SAEGW
Proposal (B): S-SAEGW buffers DL PDUs and requests paging to MME and SGSN:
In this architecture, S-SAEGW buffers DL PDUs and requests paging to be done in SGSN and in MME; MME and SGSN behave in a similar way.
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· when the UE moves to LTE Idle, S1-U is removed (not replaces by a MME/S-SAEGW interface) so that the S-SAEGW knows when the UE is in LTE Idle state
· when the UE moves in 3G Idle or URA-PCH, SGSN notifies the S-SAEGW, so that S-SAEGW knows whether the UE is in 3G Idle/URA-PCH (change in Legacy to provide 3G state over S4)
At DL PDU arrival:
· S-SAEGW buffers DL PDUs

· S-SAEGW initiates paging in both 3G and LTE (parallel paging). There is no need for a paging coordination over S3.
At the Paging response:

· If the UE respond in LTE, MME establish the bearer plane between eN and S-SAEGW. This triggers the S-SAEGW to stop SGSN paging and to start sending data the eNB

· If the UE responds in 2G/3G, SGSN advice S-SAEGW to send all its buffered data. This triggers S-SAEGW to stop MME paging. If One Tunnel is used there is no specific handling over S4 as the SGSN needs to establish a direct bearer between RNC/S-SAEGW.

Conclusion for paging architecture B:

This architecture (B) is preferred as it appears simpler: there is no need for MME buffer, no MME data forwarding, no need for user plane over S1 interface, less impact on Legacy. It also does not need S3 Paging coordination so that Paging remains centralized in the S-SAEGW. 
Nevertheless, it implies that URA-PCH/Idle state is made visible to the S-SAEGW.
2.3 Possible alternative C to architecture B:

An alternative based on Architecture (B) can be deducted to avoid the 3G sate visibility to the S-SAEGW if  this is seen as reluctant for adoption of architecture (B). 
This Architecture C relies in the following principles: SGSN keeps the 3G paging behavior (SGSN buffers like for Architecture (A) but and S-SAEGW also buffers to avoid PDUs in MME (like architecture (B)) :
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· As for (B), when the UE moves to LTE Idle, S1-U is removed (not replaces by a MME/S-SAEGW interface) so that the S-SAEGW knows when the UE is in LTE Idle state
· As for (A), S-SAEGW has no visibility of  3G state (S4-U can be present even if the UE is URA-PCH/3G Idle/3G Active)

· S-SAEGW knows in which of LTE vs 3G, the UE was last active in 

At DL PDU arrival:
· If S1-U present, the UE is LTE Active so that S-SAEGW forwards data over S1-U, data are transferred directly to the LTE Active UE

· If S1-U is not present, S-SAEGW buffers DL PDUs and initiates paging with mot recent access:
· If the last known access was in 2G/3G, S-SAEGW sends DL PDUs to the SGSN, then:

· Paging can take place in the SGSN or in the RNC if the UE is in URA-PCH state
· If UE is in URA_PCH, the RNC needs to advice the SGSN that paging is ongoing in order to start a LTE paging too (change in Legacy). 

· As soon as 2G/3G paging takes place (in RNC or in SGSN), SGSN requests LTE paging to MME over S3, this is a change to Legacy.

· If the last known access was in LTE, S-SAEGW sends DL PDUs to MME (over S11-U), then:

· MME pages in LTE
· MME requests 3G paging to SGSN over S3 (change to Legacy)
At Paging response:

· If UE responded to MME’s paging, MME retrieves most recent MM+SM context from the SGSN, MME establishes S1-U between eNB and S-SAEGW, and the S-SAEGW forwards buffered data to eNB.
· If the UE responds to 3G, the SGSN to retrieve most recent MM and SM contexts from MME (change to legacy). SGSN systematically updates PDP Contexts with the SAEGW (change in legacy). This request is systematic is needed to inform the  S-SAEGW to stop buffering for MME.

Conclusion for paging architecture C:

This proposal (C) is preferred after (B): it appears slightly more complex compared to (B) as MME and SGSN have different paging behaviour and as it needs S3 Paging coordination over S3. Nevertheless, it does not mandate buffering and data forwarding in MME, no S3-UP and no delay due to data forwarding, so it is preferred to (A).
URA-PCH handling

From the two above description, it can be seen that the handling of URA-PCH is independent of MME or SAEGW buffering solution since similar changes are required in the legacy SGSN/RNC.
3. Conclusion

Two main architectures have been described above: MME buffering and S-SAEGW buffering. 
According to the above analysis, Nortel suggests SA2 to agree architecture (B) with S-SAEGW buffering (or select C if B is not agreeable)
In addition, we think that through this choice, some additional advantages will be obtained, such as the following:

· MME will be Control Pane only and thus dedicated to Mobility Management processing with no interruption of Mobility procedures in case of un-predictable DL PDU arrival

· dimensioning of MME (and associated Legacy SGSN in case of merged MME/SGSN) is not impacted by LTE bearer capacity need 

· MME UP resources have not to be engineered to support numbers of S-SAEGWs
This list is not exhaustive and is more described in another contribution.
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