SA WG2 Temporary Document

Page 3

SA WG2 Meeting #118bis 
S2-170165
16-20 January 2017, Spokane, WA, US 

(revision of S2-17xxxx)
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Discussion on Light Connection
Document for:
Discussion
Agenda Item:
5.1
Work Item / Release:
LTE_LIGHT_CON-Core
Abstract of the contribution: This paper is discussing the potential impacts of RAN/CT1 Light Connection to architecture and stage 2 specifications, and propose a way forward.
Introduction
The LS sent by CT1 to SA2 on light connection (C1-165447) indicates that CT1 identified potential end-to-end system impacts caused by the RAN WID LTE_LIGHT_CON-Core (RP-160540) to the UE, the eNB and the MME, e.g.:

a)
The paging function is moved down from the MME to the eNB and in case of RAN paging failure, whether MME needs to be involved for the re-paging is unclear, considering there is no paging monitor timer running at the MME;

b)
The paging function is moved down from the MME to the eNB and in case of ISR is activated, how to make the UE to be paged is unclear, when the UE camps in 2G/3G;

c)
The UE reachability function is moved down from the MME to the eNB and in case of UE goes out of coverage, how MME to handle this is unclear, considering there is no UE reachable timer and implicit detach timer running at the MME.
The CT WID attached to the CT1 LS also states “NOTE: CT4 need to analyze the possible impacts to their specifications and need also further input and involvement from stage 2.", which will require further SA2 work.

The RAN WID LTE_LIGHT_CON-Core is foreseen for Rel-14, which is frozen from the SA2 viewpoint. This paper analyses the impacts of the RAN Work Item in order to estimate the amount of work in SA2 in order to decide whether the work can be done by Rel-14 or whether it should be planned for Rel-15. 
Discussion

Paging function moved to the eNB

Paging strategy is mainly specified in TS 23.401 clause 5.3.4.3, and the move of the paging function from MME to eNB raises a number of issues:
-
Even if the discussion about RAN paging is led by RAN3 so far, stage 2 work is required since stage 2 specs need to be updated with regards to the handling of paging failure scenarios, e.g. MME taking over the paging or being instructed by the eNB to page in certain areas. This will require significant work from SA2 perspective.

-
Paging Priority Indication is set by the MME according to operator policies. In particular, PPI depends on whether the calling user is an MPS user or not, on the ARP priority, on the ARP pre-emption/vulnerability, and the mapping of ARP priority level values to Paging Priority indication is configured by operator policy. This raises two issues:
1-
How to make sure that the mapping from ARP priority to Paging Priority indication that needs to be configured in the eNBs is the same as the mapping configured by the CN operator in the MME? What about RAN sharing scenarios such as MOCN? Isn’t it a system wide issue?
2- In the case of a MT call from a MPS user via CS domain, the MSC provides the call's eMLPP level to the MME along with the SGs paging message. Then, based on operator configuration, the MME defines which eMLPP level(s) require CSFB high priority call handling, and which paging priority level(s) the MME shall set in the S1 paging message when the UE is in IDLE mode. Per TS 23.272 clauses 7.3 and 7.4, when the S1 connection is established, the MME reuses the existing connection to send the NAS CS Service Notification message to the UE (carried over DL NAS Transport message over S1). 

When Light Connection applies, the eNB should be aware of the paging priority level. How is this achieved? Should the MME include the paging priority level in all the DL NAS Transport messages? This has an impact to stage 2 specifications.
-
When the UE is in IDLE mode, the SGW sends a DDN to the MME when a DL packet is received. In addition, when the network supports the Paging Priority Differentiation feature, the priority is carried by the DSCP of the IP packet (set by the P-CSCF). It is the MME responsibility to apply Paging Priority according to TS 23.401 clause 4.9: “It shall be possible for the operator to configure the MME in such a way that the Paging Policy Indicator only applies to certain HPLMNs and/or APNs and/or QCIs.” 
When Light Connection applies for a UE, the SGW is connected to the eNB and SGW buffering does not apply anymore. This means that the eNB has to implement the same Paging Priority Differentiation mechanisms as the SGW. This also raises two issues:
1-
How to make sure that the configuration related to Paging Priority Differentiation in the eNB is the same as the one configured in the MME?
2-
APN is not provided to the eNB in existing specifications. Should the APN be passed to the eNB? If yes, how and when the APN is sent to the eNB? This require SA2 decision.
-
(Only considered for a further release, since HeNB is not planned to be supported in Rel-14): When the MME is configured to support CSG paging optimisation in the CN, the MME should avoid sending Paging messages to those eNodeB(s) with CSG cells for which the UE does not have a CSG subscription. With Light Connection, this function has to be moved to the anchor eNB, thus the MME should provide the eNB with the list of CSG cells not to be paged in the RAN paging area. How would that work since the MME does not know the RAN Paging Area? This require SA2 study. 
Application timers

When the UE is in ECM-CONNECTED mode, the applications sending NAS signalling message to the UE are configured with specific timers, which are dimensioned large enough assuming that the UE will respond to a NAS message immediately, e.g. about 5 seconds for CN applications. When the UE is light connected, it has to be paged by the eNB and potentially relayed to other eNBs, and considering a DRX of 2.5 seconds and one repetition, the delay may be increased by 5 seconds, which is in the same order of magnitude as the application timer. Hence, there is a risk that the EMM and ESM messages are retransmitted if the existing default timers are used when the UE is in light connected state. This is clearly a system wide that SA2 has to study. 
UE Reachability

Moving the Paging function to the eNB implies that the ECM-CONNECTED state in the MME does not mean anymore that the UE is reachable. In these conditions, how can the MME notify the applications (possibly 3rd party applications) which have subscribed to UE reachability that the UE became reachable again e.g. after a delivery failure for SMS, and even without any prior delivery failure?
First, the notification of a RAN Paging failure is a new functionality of the MME, as an MME does not expect any paging procedure to take place (and thus a paging failure) when a UE is in ECM-CONNECTED state.

Assuming that RAN Paging failure is notified to the MME, the MME could set the UE reachability state to “unreachable”, but if the UE reconnects at RRC level either on its own or because the RAN has successfully paged the UE (e.g. because a new DL packet has been received by the eNB, which has triggered a RAN-initiated Paging), the MME is not notified by the eNB. 
To this problem, several solutions can be imagined: in addition to the RAN Paging failure notification, the RAN always notifies the MME that the UE has moved to RRC-CONNECTED state (and so is reachable again); or the MME may release the S1 connection after a RAN paging failure (and so the MME can stop the application re-transmissions). 
This requires study and decision at SA2 because the first solution implies to add a new EMM state/substate in the Core Network, which has a system impact, not the second one. Both solutions require updates to the stage 2 specifications.
Handling of Paging with ISR
When ISR is active and the UE is in IDLE mode, paging should be performed on both the Routing Area and the list of Tracking Areas the UE is registered to. When Light Connection applies, the UE is seen in ECM-CONNECTED mode and is paged by the eNB, not by the RNC. 

Several solutions may be imagined. For example: 

1- The eNB pages the UE and, if RAN paging fails, the MME pages over all the TAIs (as described above) and notifies the SGSN to page the UE under UTRAN. But in this case, paging delay when the UE is camping in UTRAN is systematically increased;
2- Light Connection is disabled when ISR is activated for a UE.

This clearly requires SA2 study and decision.

Handling of CSFB MT calls

In existing CSFB MT calls when the UE is in ECM-CONNECTED mode, the MME sends the SGs Service Request message to the MSC before the response from the UE. The MSC uses this connected mode indication to start the Call Forwarding on No Reply timer for that UE and the MSC should send an indication of user alerting to the calling party. The calling party experience will be bad only when the UE is not in coverage, but these Radio Link Failures are infrequent. 
In the case of light connection, the RAN paging will delay the UE response (NAS Extended Service Request) by several seconds (5 seconds with a 2.5 s DRX and one paging repetition). When this is added to the existing call setup delay for CSFB in connected mode, it makes a very long duration between the reception of the Alert by the calling party and the actual establishment of the communication: the calling party may have hanged up. This must be solved at system level.
Besides, in the case of light connection, if the UE happens to be not reachable, the MSC will end up triggering Call Forwarding on No Reply (CFNRy) instead of Call Forwarding on Mobile Subscriber Not Reachable (CFNRc). 
There might be several solutions such as the MME forbidding UEs that are in the EPS/IMSI attached state to use light connection, or the MME waiting for the UE response before sending the SGs Service Request message to the MSC, etc. Solutions should be studied by SA2.
Impacts to HSS
Per CT WID, there are potential impacts to the UE’s subscription data in the HSS, in order to activate Light Connection for certain subscribers and not all. It is not clear whether the feature would be beneficial for certain categories of UEs (MTC devices?) or all UEs.  This needs SA2 study and decision.

Support of eDRX and PSM

Light Connection is incompatible with UEs in eDRX and PSM, hence the MME has to deactivate Light Connection in these cases where battery savings are more important.  This has impacts to the MME and SA2 should be involved.
X2 not available

When the UE resumes under a new eNB and no X2 is available with the serving eNB, RAN3 has proposed a new S1 procedure named S1 RETRIEVE UE CONTEXT which includes the source eNB address. This is a new procedure that has impacts to the MME, hence for which SA2 should be involved. 
In addition, since there is no restrictions in RAN solutions on whether the RAN Paging Area can overlap TAs (it is not related to the UE’s list of TAs), the new eNB may have selected a different MME than the serving MME. That case is possible (see R3-163123 and R3-163128 that show separate MMEs (“any MME” and “serving MME”) but not described in RAN potential solutions. Does this need to work across pool areas? 
Handling of NAS messages at inter eNB handover

If the Core Network sends a NAS message to an eNB for a UE while in light connected state, when the UE responds to paging in a different eNB. Is the NAS message forwarded by the old to the new eNB, or has the NAS message to be repeated by the MME. 
Indeed, it is unclear whether the NAS message contents may depend on the current location of the user or eNB. This needs to be studied by SA2.
MME load re-balancing

In TS 23.401, MME load re-balancing is described for ECM-IDLE mode and ECM-CONNECTED mode UEs. To off-load ECM-CONNECTED mode UEs, the MME initiates the S1 Release procedure with release cause "load balancing TAU required". And then the S1 and RRC connections are released and the UE initiates a TAU without providing the S-TMSI or the GUMMEI to eNodeB in the RRC establishment. 

But what does the eNB do when the UE is in light connected state when the MME releases the S1 connection with release cause "load balancing TAU required" since there is no RRC connectivity? How does the UE is informed that there is load re-balancing? This has to be studied in RAN and there might be impacts to the Core Network. 
Conclusion

As described in the discussion part, Light Connection feature has many significant system level impacts. Some of them have not been even discussed in RAN3, e.g. paging priority differentiation for IMS sessions, eMLPP calls, alignments of algorithms between MME and eNB, application timers.

These system level impacts need to be studied at SA2, related solutions need to be decided by SA2. 
Other system level impacts require SA2 to decide solutions, e.g. knowledge of the light connected state in the MME or not, whether the light connection should apply to all UEs, whether the Core Network should decide to not apply LC to some of the UEs such as UE moved in PSM mode or eDRX mode, how issues related to CSFB could be resolved at system level.
Moreover, MME load re-balancing has not been studied and there might be impacts to the Core Network.
Hence, even if we understand the benefits of the Light Connection feature with regards to reducing the radio and network interfaces signalling overhead, improving the UE access latency and improving UE power consumption, this feature cannot be solely studied and designed by stage 3 working groups. Significant time needs to be scheduled at SA2. In addition, as a new feature it should be studied as part of a new SID/WID. And this cannot be done for Release 14, which is frozen. Hence, it is proposed to agree on responding to CT and RAN groups that since there are significant system level impacts (with a summary of the discussion section above), a SID/WID will be initiated by SA2 with expected completion by June 2017, hence not for Release 14. 
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