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1   Introduction
At last RAN3#94 the way forward on light connection WID [1] was endorsed in [2]. This document contains the list of open issues which remain to be solved, listed from 1 to 10. 
This paper provides a deep analysis of the open issue number 8 titled “impact on legacy functionality” currently described as follows:

There are some discussions: FFS
· For UEs for which PSM was negotiated the eNB should not configure the UE into light connection mode. 

· Other CN features would need to be looked at as well. A common S1 signalling solution will be further developed. 
· Need further check about RAN2 LS that eDRX and PSM is not supported in LC.

The paper analyses in addition to the open issue 8 above all other issues already identified so far in previous RAN3 meetings, which includes issues 5, 7 and 9. It then further investigates the additional open issues found by SA2 at the last SA2#118bis in [4].

It aims at selecting the right solutions and identifying the groups to contact to implement them. It provides the complete overview of the current status of all issues affecting the light connection feature.
2 Description of deployment scenarios to be covered
PSM and eDRX
This issue has been analysed in past meetings and RAN2 has now clearly said the incompatibility of PSM or eDRX with LC mode. The only solution to this problem is for MME to ask the eNB to not use the LC mode whenever a UE is subject to eDRX or PSM. We don’t see this as a restriction given that UEs subject to eDRX or PSM are usually UEs with very un-frequent transmission. However the solution should be generic enough to leave the eNB service agnostic. 

Resolution: We therefore propose that MME sends to eNB in the INIT CONTEXT SETUP an indication “LC mode disable”. 

CS Fallback

In existing CSFB MT calls when the UE is in EMM-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. This is shown in figure 1. 
The calling party experience will be bad only when the UE is not in coverage, but these Radio Link Failures are infrequent.
The issue here is due to the fact that the MME cannot differentiate if the UE is connected or in LC mode and therefore in LC mode it also answers immediately to the MSC which leads to alerting the called party. But in LC mode the RAN paging will typically delay the UE response (NAS Extended Service Request) by several seconds (2 to 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 will likely have hooked on.
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Fig.1
Some RAN3 papers have suggested that nothing special needs to be done because the same situation can already happen in case of RLF or because the eNB could happen to send an S1 Release Request to MME at exactly the same time of the CS Service Notification from the MME. 
We think that this “do nothing” is unacceptable because RLF or crossing messages remain seldom whereas UE being in LC mode will be frequent. Therefore this issue will be frequent and serious because the calling party will hang up the phone with nobody on the line. Moreover the impact on features such as “call forwarding upon UE not reachable” has not been assessed by SA2/CT groups.
Therefore solutions need to be investigated. These solutions could be:
· (1) A first solution could be to inform the MME every time the UE is moved to LC mode, 

· (2) In the same spirit as PSM & eDRX case, another solution is that LC mode could be disabled when there is an SGs connection for the UE

· (3) A third solution could be that MME waits the response from the UE before sending the answer to MSC for all UEs in ECM-connected mode. 

Solution (1) could lead to quite heavy S1 traffic considering all the UEs which would contradict the purpose of LC mode. 
Solution (2) would be better as long as it does not prevent operation of SMS by specifying that the MME disables LC mode only for UEs for which the SGs interface has been setup for voice usage and not SMS only. SA2/CT should be consulted on the feasibility and implementation of such a solution. However one remaining issue would be that operators which have not yet VoIMS cannot use LC mode.
Solution (3) would penalize the KPI for legacy UEs which are not in LC mode but really connected. However this additional delay should be reasonable.
Resolution: as commented by SA2 in issue 7 in [4], this is up to SA2 to decide between these options.
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Fig.2
The root cause of SMS retransmitted again and again for light connection paging failure UE is that MME doesn’t know UE is unreachable in step 12a. It answers with fake state to MSC leading SMS to be retransmitted again and again.   

The issue therefore essentially comes from the trigger conditions on the MME for sending step 12a which are currently based on S1 presence. Therefore the solution relies on releasing the S1 for this case.

However the solution has anyway an MME impact. The timer setting for sending the failure report at step 9b must anyway be changed to take into account the time it takes for paging a UE in LC mode (compared to no paging for a UE in connected mode).  
If S1 is then released at this unreachability point, then there is no more problem for step 12a because it will not be triggered in the absence of S1.

Resolution: the issue of unreachability for SMS can be solved by releasing S1 in case of unreachability (after CN assistance in case CN assistance introduced). However the handling of SMS has anyway an MME impact at step 9b which needs confirmation from SA2/CT1.  
Other cases of “UE Not Reachable”
Other applications than SMS can subscribe to reachability notifications.
In these conditions, how can the MME notify the Applications which have subscribed to UE reachability that the UE became reachable again? a third application can register to this notification even without prior RAN delivery failure.
Resolution: as described above, release S1 upon UE reachability. Then use of NAS NON DELIVERY INDICATION message.
S1 Class 1 procedures 
It is clear from TS 23.401 that bearer setup can be network triggered and therefore the case of MME sending E-RAB Setup Request while the UE is in LC mode is a valid case. Among the suggested solutions the one that seems the best is that eNB sends back an E-RAB setup Failure message with a new special cause so that MME waits for sending again the E-RAB setup to see if the anchor eNB is not relocated. If MME receives a new Path Switch Request from new eNB, MME will re-send the E-RAB setup Request to that new eNB. This waiting time means impact to the MME with a new timer which needs to account for the RAN paging time (possible adding also time for CN paging of course if CN paging assistance is introduced). 
Resolution: introduce a new S1 cause value for the class 1 failure message. MME impact foreseen associated with retry action which needs SA2 involvement.  
Handling of NAS PDU

If a NAS PDU is received in the anchor eNB while the UE is in LC mode, the anchor eNB will trigger the RAN paging and UE may be reached under another new eNB. In this case it has been proposed to transfer the NAS PDU over X2 from old eNB to new eNB together with the context. This solution has two problems:

· It does not cover the case of multiple NAS PDUs (e.g. CP cIOT)

· It does not consider the fact that some NAS PDUs can be tightly related to services which are based on registration area/ TAI. This can be an issue if RAN PA can cross a TA border.

Resolution: This issue requires that RAN3 makes a first final decision on whether or not a RAN PA can cross TA border and in particular the list of TAIs associated with the UE. In both cases SA2/CT1 needs to be consulted because:

· (1) Either RAN PA can cross the TAI border and the service -related NAS PDU case needs to be checked,

· (2) RAN PA are always confined within the list of TAIs of UE then the CN needs to constantly inform the RAN of the current idle mode registration area of the UE which is a change of paradigm for mobility in LTE which SA2/CT1 should endorsed.

From SA2 issue 19 in [4], SA2 working assumption is that 
Working assumption of SA2 is allocated TAI-list is also provided as part of the CN assistance info for LC.
We therefore propose to agree on solution (2).
MME Load re-balancing
If the MME will send an S1 Release Command with cause “TAU required” and the UE is in LC mode the UE needs first to be paged. If UE is finally reached under another new eNB it is not clear how this request would be propagated over X2, nor how the S1 release Complete would be handled at the source side given that a timer is running for the release procedure. 
The simplest solution seems to be:
· eNB Replies to MME with successful release and triggers RAN paging over X2,

· if UE replies under anchor eNB, anchor eNB sends to UE an RRC Release cause TAU required;

· if UE replies under a new eNB, that new eNB relocates the context; anchor eNB includes an indication of TAU Required in the context, the new eNB sends to the UE an RRC Release cause: TAU required;

· if UE unreachable, the S1 has already been released.

Resolution: this issue seems to have only X2 impact on the context fetch. Agree the cause TAU required in the UE Context Retrieve Response message.
NAS Timers
Many NAS timers used in the MME in connected mode are set to 5 seconds. Considering a DRX cycle of 2.54 seconds, with one or two paging repetitions the timer is already expired. This issue can be critical to retransmit ESM and EMM messages

Two potential solutions can be thought of, both having drawbacks:
· extend all NAS Timers above 5 seconds (e.g. 10 seconds) would have severe impacts on the service;

· make MME aware of UEs moved to LC mode so that only those UEs have NAS timers being extended, however this can lead to heavy S1 signaling considering all UEs which contradicts the purpose of the feature.

Resolution: need to consult SA2/CT1 groups on whether NAS timers need extension for UEs in LC mode.
Other issues found by SA2 which can have resolution in RAN:
SA2 issue 19:

RAN paging area across TAs and how to ensure same S-GW
Resolution: TAI list sent to RAN (already covered).

SA2 issue 22: 
UE behaviour when moving in LC to a cell for which the eNB does not support LC?
Resolution: SA2 expects that if UE moves to a cell that does not support LC it informs the network.  How the UE knows an eNB does not support LC is for RAN WGs to determine.
Other issues found by SA2 with resolution in SA2/CT as reported in [4]:

· UE mobility to 2G/3G and ISR (SA2 issue 2)
· Handling of Paging Priority indication for Light Connection (see tdoc [3]) – SA2 issue 4
· MME strategy for load balancing is impacted (SA2 issue 13)

· Mismatch of states: NW in CONNECTED LC and UE in IDLE (SA2 issue 16)
· PLMN selection in LC (SA2 issue 17)
· X2 not available, need of S1 context fetch (SA2 issue 10) 
· Location Reporting and impact to LI (SA2 issue 21)
Other issues found by SA2 with resolution in RAN2/RAN3 as reported in [4]:

· Potential CN impact for extended out of coverage: implicit detach, etc (SA2 issue 3): do we need to introduce a RAN periodic Update procedure? 
3 Conclusion and Proposals
This paper has provided an overview of the use cases to solve to ensure compatibility with legacy functions in an LTE system. Some have them can be solved by RAN3 with impacts on S1/X2, while some others need SA2/CT groups assistance. This analysis has been conducted taking into account the SA2 findings at SA2#118bis in [4].
The following overview of current status can be given of those issues which can be resolved by RAN3:
· PSM/eDRX: MME sends to eNB in the INIT CONTEXT SETUP an indication “LC mode disable” for UEs involved in eDRX/PSM.

· Class 1 procedures: new cause value added for failure messages.

· MME Load re-balancing: add new “release TAU required” flag in the X2 context fetch. 

· Handling of NAS PDUs: MME to send the list of idle mode TAIs and any update to the eNB. 
· UE not reachable: release S1; then use of NON NAS DELIVERY INDICATION messages.
The following status can be given of those issues which still require involvement from SA2/CT groups:
· CSFB: consult SA2/CT groups on solutions 2 (disable LC mode with SGs) and 3 (delay the SGs Service Request message until UE answers) above, and possibly others, to solve the CSFB issue. Then RAN3 to compare with the drawback of informing the MME of every state change into LC mode.
· SMS: the issue of unreachability for SMS can be solved by releasing S1 in case of unreachability. However the handling of SMS has anyway an MME impact at step 9b which needs decision in SA2/CT1.
· NAS Timers: SA2/CT should be consulted on need to extend NAS timers in MME and if this is acceptable.
· UE mobility to 2G/3G and ISR (SA2 issue 2)
· Handling of Paging Priority indication for Light Connection (SA2 issue 4) – see details in tdoc [3].
· MME strategy for load balancing is impacted (SA2 issue 13)

· Mismatch between UE and Network states: NW in CONNECTED LC and UE in IDLE (SA2 issue 16)
· PLMN selection in LC (SA2 issue 17)
· X2 not available, need of S1 context fetch (SA2 issue 10) 
· Location Reporting: report of cell granularity and impact on Lawful Intercept.

As mentioned above, the handling of paging prioritization needs a special SA2/CT involvement and has therefore been treated in a dedicated separate tdoc [3].

The following summary can be made of those issues which require involvement from RAN2 group:

· eNBs not supporting LC: consult RAN2 how to inform the UE.

· Extended out of coverage: investigate together with RAN2 the real need to add a RAN periodic update procedure. On this particular point, we would like to challenge SA2 findings and discuss with them about whether their periodical proposal is really beneficial - see details in tdoc [5].
Proposal 1: it is proposed to concentrate on the first list of issues which can be resolved by RAN3 and agree on the corresponding solutions proposed above. 
Proposal 2: Given the number of issues which needs SA2/CT consultancy and decisions and further feedback from RAN3 it seems reasonable to postpone the Light Connection feature to release 15.
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