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Abstract

Currently, the question of which network node should terminate the user plane (UP) idle mode in SAE/LTE is intensively discussed in SA WG2.  For a long time, the working assumption has been that idle mode termination resides in the UPE.  The second possibility currently under discussion is the MME.  Relevant arguments for either solution have been discussed at length during the last SA2 meeting.

Idle mode termination in the eNB has been excluded so far with the main argument that UP packets that arrive at the eNB would be encrypted.  However, with the package agreement during the February meeting, and the associated joint meeting with RAN WG2 and WG3, it has been decided that PDCP, and thus user plane ciphering, would be moved to the eNB.  Hence the possibility of placing idle mode termination in the eNB re-occurs.
Proposal
We describe the principle how idle mode termination in the eNB would work, and the impact on the relevant network procedures, in this paper.  Based on this analysis, we conclude that the eNB idle mode termination has major benefits over the CN based solutions:

· overall simplification / optimisation of the network:

· the eNB has the knowledge from both the CP and UP on the UE state – I therefore knows best whether a UE is (most likely) still in its coverage area, hence it can decide whether to attempt contacting the UE itself, or whether CN paging is needed/useful;

· the solution would not put any burden on the eNB as it knows the UE state anyway;

· lower latency in reactivation of the UE whenever the UE is still in the same eNB;

· saving significant resources for "pseudo-static" UEs, such as typical for home/office dwellers;

· the SAE GWs can still be "dumb routers", i.e. there is no need for 3GPP / PLMN specific functionality;

· there is no need for "Direct Tunnel style" signalling in order to shift the user plane tunnel from/to the MME dependent on UE state changes (we don't know to date how often a state change can occur);

· this proposal would essentially remove the idle mode completely from the CN, and thereby reduce a lot of complexity - no need for state synchronisation, no need for related signalling / timers, .....

· this solution would reap similar benefits as in UMTS where the need for CN paging has been drastically reduced compared to 2G.

· clear separation between control and user planes:

· no mix of user plane and control plane functions in the MME.
· the CN would be fully access agnostic as it does not need to support specific functions for handling idle mode in SAE.

Drawbacks have not been pointed out so far.  Therefore, we propose to adopt the eNB based solution or, at least, to include it as a candidate in the current discussion.

Procedural descriptions for "user plane idle mode termination in eNB"
Generally speaking, we can see benefits in aligning SAE with GPRS Direct Tunnel - the result would be to place idle mode termination in the MME.  However, this would restrict SAE to GPRS Direct Tunnel for the next decade or so, disabling the additional deployments allowed by the current SAE approach.  It would also establish a mixture of control plane and user plane functions in the MME.  Consequently, the alternative would be to keep the idle mode termination in SAE in the user plane, i.e. the serving gateway, and consider aligning GPRS Direct tunnel with this approach.
One of the main arguments for idle mode termination in the MME is network efficiency.  E.g. if the idle mode termination is in the MME, only the MME needs idle mode knowledge.  In contrast, both MME and serving Gateway need idle mode knowledge if idle mode termination resides in the serving gateway.  It is obvious, however, that both solutions require synchronisation of the UE’s state with the eNB and, at least, the MME.  From that perspective, an even better and more efficient solution would be to place the idle mode termination in the eNB, which is now possible after placing ciphering in the eNB.  Following is a brief outline on how it should work.

· The MME is still responsible for Tracking Areas and Paging Execution.

· The S-SAEGW knows nothing about UE states in the user plane, and also the MME doesn't know.

· The MME and S-SAEGW will maintain a connection for the UE towards the "last-known" eNB, i.e. the eNB where the UE was last active - i.e. the S-SAEGW will simply forward all packets to that eNB.  This is the same as in GPRS Direct Tunnel.

· When the eNB receives a packet for an idle UE, it can either try to reach the UE (assuming there is “something comparable to UTRA paging”), or it can send a message to the MME (which it would also do if its own “radio paging” fails) that the MME needs to take care of it.

· The MME will then perform a CN paging, and when the new eNB is found, a normal handover procedure from the last eNB to the current eNB will be performed.

· The eNB's anyway implemented buffering capability for handovers can be used to avoid packet loss in that situation, given that the downlink data in UE idle will be small (SIP Invite, ping, keep-alive, …..).

Having the idle mode in the eNB yields the following advantages:

· the eNB knows best whether a UE is (most likely) still in its coverage area, hence it can decide whether to attempt to reach that UE on its own, or to refer further action to the MME;

· it would not put any burden on the eNB as it knows the UE state anyway;

· the eNB simply notifies the MME that it cannot reach the UE (hence triggers paging from the MME);

· the SAE GWs can still be "dumb routers";

· there is no need for "Direct Tunnel style" signalling in order to shift the user plane tunnel from/to the MME dependent on UE state changes (remember that it is not known to date how often a state change can occur);

· instead of removing the idle mode from the CN to an extent that only one CN node is concerned, this would essentially remove the idle mode completely from the CN - no need for state synchronisation, no need for related signalling / timers, .....

· this solution would reap similar benefits as in UMTS where the need for CN paging has been drastically reduced compared to 2G.

In summary, the eNB based solution is very simple in terms of its requirements on the affected nodes (it only adds one message to the eNB but removes numerous signalling procedures from the CN) and thus reduces a lot of complexity in comparison to a SAEGW or MME based idle mode termination.  Therefore, we propose that there should be further study on the possible solutions for idle mode termination in the user plane (MME, SAEGW, eNB), but the above arguments make us believe that the eNB based solution is the best possibility.

The following list identifies, at a somewhat high level, how placement of the idle mode termination in the eNB would affect the related network procedures.

1) Initial attach / activation

The initial attach procedure will not be changed if the eNB terminates the idle mode.  Once the default IP service has been established, there is a connection between the S-SAEGW and the eNB serving the UE.  The UE is ready to transfer user data and will remain in that state as per (E-UTRAN) state handling.

The S-SAEGW will maintain a connection to that eNB ("last-known" eNB) independent - and unaware - of the UE state, until being told otherwise (see below).  The MME is not involved.

2) UE in active mode 

No particular changes are needed here as well.  Uplink and downlink data for the UE will traverse the eNB - S-SAEGW connection as per current procedures.  The MME is not involved.

Handovers may also occur per the current procedures (RAN or CN controlled, as appropriate).

3) Resumption of traffic with UE idle mode

When the UE enters the idle mode, the eNB will have to maintain information that allows it to map potential traffic to/from the UE between the S1 connection and the RAN specific identifiers of the UE.  The encryption keys will also have to be retained.  It will be the eNB that decides how long it wants to save that information, but at most until it is told by a mobility procedure that the UE has moved elsewhere - see below.

3a) UE becomes active in same eNB

If the UE becomes active, then the UE’s radio bearers can immediately be reactivated (if the eNB still "knows" the UE).  There is no need to signal with the MME or S-SAEGW - the latter can still use the S1 bearer(s) established previously (cf. step 1).

In case the eNB no longer has the information pertaining to that UE when the UE becomes active, then the procedure described in point 3c will be executed.

3b) Downlink traffic arrives for UE in same eNB

If the eNB still has the UE related identifiers and keys, then it can attempt to reach and reactivate the UE directly.  The UE’s radio bearers can then immediately be reactivated.  There is no need to signal with the MME or S-SAEGW - the latter can still use the S1 bearer(s) established previously (cf. step 1).

If the eNB cannot identify the UE, then the same procedure applies as if the UE is unreachable by the eNB, see point 3d.

3c) UE becomes active in another eNB

This example covers the case where the UE has moved into the coverage area of another eNB and becomes active without intermediate tracking area updates.  In that case, the eNB does not have any knowledge of that UE.  In order to activate the UE, one possibility would be to  reuse the necessary parts of the initial registration procedure, thereby obtaining the UE context information from the MME (this may include re-authentication).  Another possibility would be to obtain the information from the previous eNB and reuse the relevant parts of the handover for this.  The procedure would be fairly similar to today's inter-SGSN change.  Details on the procedure / making the proper choice between the above possibilities, is ffs.

In any case, the MME and the S-SAEGW need to be informed of the change from the previous ("last known") eNB to the new one.  A change in serving MME and S-SAEGW may also be involved.  Again, this is all considered part of the anyway existing handover procedures for X2 and S1 handovers, as needed.

3d) Downlink traffic arrives for UE in another eNB

This example covers the case where the UE has moved into the coverage area of another eNB and receives downlink data, with no intermediate tracking area updates.  Since the S-SAEGW is still connected on S1 with the "last known" eNB, it will forward the downlink data to that eNB.  The eNB cannot reach the UE anymore.  It shall then buffer the received data and notify the MME that paging the UE is necessary.  In the MME, the paging is executed in the same fashion as in the MME/S-SAEGW idle mode termination cases.

Once the UE has been located, the eNB can then execute a handover procedure to the new eNB, and forward the data it has buffered previously.  The forwarding mechanism is exactly the same as the one used for handovers.  It is expected that the amount of downlink data to be buffered will be small (SIP Invite, keep-alive, ...), hence the buffering requirements on the eNB would not be larger than that for the usual handover cases.

As usual, the handover will also include the change of the S1 tunnel endpoint from the old eNB to the new eNB – this may additionally include a change of serving CN nodes.

4) Signalling free mobility between LTE and UMTS

The procedures for signalling free idle mode would in principle not be affected because it is still the MME that is responsible for paging coordination and execution.  One difference here compared to MME/S-SAEGW based idle mode termination is that the request towards the MME to page would come from the eNB if the UE is anchored in SAE.  If the UE is anchored in a GGSN, then the paging would anyway come from the SGSN to the MME, and this has no relation to where idle mode terminates in SAE.

An additional efficiency gain can be realised because – given that the MME is not aware of the UE state – no state signalling is needed between MME and SGSN.

5) Tracking Area Update

A periodic tracking area update may occur in the same eNB, i.e. the UE has not moved.  No action needs to be taken in the network.

When the idle UE has changed its serving cell, a tracking are update may either be a periodic tracking area update (TA has not changed), or caused by a tracking area change.  Both cases are identical, as described below, except that the TA information has to be updated in the MME in the 2nd case.

If there is a tracking area update in a new eNB (or a legacy network), then the relocation of the UE context to that new cell occurs.  This is principally the same as in item 3c and again reuses portions of the existing handover procedures.

In contrast to the "becoming active" case described in 3c, the UE could immediately be pushed back into idle again by the new eNB if so desired.  Again, signalling to the CN could be saved due to the idle mode termination in the eNB.

6) Other aspects

It has been noted in the analysis of this proposal that this would put the reachability of UEs at risk if a eNB fails, even if the UE were reachable in another eNB.  However, in our view this is a rare case, and it should be further analysed to what extent the network should have special capabilities to overcome that situation.  It should be noted that already Rel-7 GPRS Direct Tunnel will need a (simple) procedure from the GGSN towards the SGSN if the UP tunnel from the GGSN to the RNC fails.  Exactly that same solution (simple message) could be used by the S-SAEGW towards the MME if the S-SAEGW detects a problem with the S1 connection to an eNB.  The need, and possible solution, for a procedure to “detect” the “still reachable” UEs in the tracking area that the failed eNB belongs to, is ffs.  Two candidate solutions have been identified so far:

1. The MME to page all UEs in the tracking area that the failed eNB belongs to.  This procedure would locate all UEs except those that are only covered by the failed eNB.  The UEs can then be pushed back to idle as described in step 5.

2. The MME to redirect the S-SAEGW tunnel(s) from the failed eNB to other (surrounding) eNB(s).  It is possible that the UE may or may not actually be reachable in the newly assigned eNB.  Thus the newly assigned eNB is in the same position as in point 3b (UE is reachable in the eNB) or 3d (UE is not reachable in the eNB) described above.

7) Conclusion

In comparison the MME or S-SAEGW based idle mode termination, the eNB solution has the following main advantages:

· overall simplification / optimisation of the network:

· the eNB knows best whether a UE is (most likely) still in its coverage area, hence it can decide whether to attempt contacting the UE itself, or whether CN paging is needed/useful;

· the solution would not put any burden on the eNB as it knows the UE state anyway;

· lower latency in reactivation of the UE whenever the UE is still in the same eNB;

· saving significant resources for "pseudo-static" UEs, such as typical for home/office dwellers;

· the eNB simply notifies the MME that it cannot reach the UE (hence triggers paging from the MME) - this is a very small additional functionality, in contrast to removing a lot of otherwise needed idle mode functionality from the CN;

· the SAE GWs can still be "dumb routers", i.e. there is no need for 3GPP / PLMN specific functionality;

· there is no need for "Direct Tunnel style" signalling in order to shift the user plane tunnel from/to the MME dependent on UE state changes (we don't know to date how often a state change can occur);

· instead of removing the idle mode from the CN to an extent that only one CN node is concerned, this proposal would essentially remove the idle mode completely from the CN, and thereby reduce a lot of complexity - no need for state synchronisation, no need for related signalling / timers, .....

· this solution would reap similar benefits as in UMTS where the need for CN paging has been drastically reduced compared to 2G.

· clear separation between control and user planes:

· no mix of user plane and control plane functions in the MME.
· the CN would be fully access agnostic as it does not need to support specific functions for handling idle mode in SAE.
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