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1 Introduction

During RAN3#93 and RAN3#93bis, some issues that may potentially arise with legacy functionalities when using light connection were discussed. In this contribution, we provide the details of how we can resolve some of the issues.
2 Discussion
With light connection, in order to save on RAN and CN signalling, the UE is kept suspended with active S1. Therefore, whenever there is downlink data for the UE, it would arrive at the last serving eNB or ‘anchor’ eNB of the UE where S1 is kept. If the UE has been configured to support more than one cell as part of its RAN-based paging area (whether through cell list or CN TA), it might have moved to another cell. This case requires X2 to carry Paging to other eNBs within the configured RAN Paging area on behalf of the UE. UE is considered as ECM_CONNECTED at MME. The legacy features that may be affected are CSFB, MME load balancing, PSM, high latency communication and SMS messages-waiting. 
2.1 CSFB support 
As the MME assumes the UE to be in ECM_CONNECTED, for an incoming voice call, the MME will immediately respond to the MSC and MSC will send alert to the calling party that the UE is in connected mode. Then the MME initiates CS SERVICE NOTIFICATION NAS message towards the UE. The No Reply timer is configured in TS 29.118 to be between 1 and 20 seconds. 

If the UE were in lightly connected mode, and has moved away from the ‘Anchor’ eNB, the ‘Anchor’ has to perform X2 paging to locate the UE while buffering the NAS message. Since the eNB is not aware that the NAS message is related to CSFB, it cannot indicate so in the paging message and will continue to page with ‘PS’ and delivers the NAS message. 
The UE connects backs and performs Extended Service request. The other solution would be for the eNB to inform MME whenever the UE has entered into light connection but it breaks the purpose of keeping the CN transparent to UE’s mode of operation. Hence, it is better to have no impact and rely on the paging mechanism. Any other work-around might involve huge specification impact as we might need to change the way CSFB is initiated by the MME. 

Observation 1. The maximum delay suffered by CS caller towards a lightly connected UE would be 2.56s which is the maximum RAN-based paging DRX cycle to be configured. 

Proposal 1. CSFB can be handled with the normal procedure of getting the UE out of light connection. 
2.2 MME load balancing

MME initiates the S1 Release procedure with release cause "load balancing TAU required" to perform load balancing. The cause of "load balancing TAU required" is sent to the UE using RRC Connection release procedure. And the UE upon receiving "load balancing TAU required" should trigger TAU procedure by setting neither S-TMSI nor registered MME identifier. Since the UE’s RRC Connection may already be released, there needs to be different mechanism to inform the UE. There can be two solutions:

a) The cause value of ‘load balancing TAU required’ can be sent in X2 Paging message to ensure that the UE performs TAU as soon as paging message is received. However, this could mean a change in RRC paging message which might not be desirable. 
b) The cause value of  ‘load balancing TAU required’ can be sent in RETRIEVE UE CONTEXT RESPONSE [2] whenever the UE resumes from light connection upon receiving the X2 Paging message. And once the UE resumes, it can be released gracefully with the indication. At the same time, once UE’s S1 is released at the MME, we need  to understand whether it is better to trigger X2 Paging and transfer UE’s context to the serving eNB or apply CN based paging.
Proposal 2. RETREIVE UE CONTEXT RESPONSE can include an indication of cause value ‘load balancing TAU required’ for the serving eNB to become aware of the S1 release and perform RRC connection release once UE resumes.
2.3 Power Saving mode (PSM)

For UE in light connection, it has been agreed that the UE’s state is ECM_CONNECTED with respect to the MME. The UE’s ECM state at the UE is FFS. For PSM to be activated, the UE has to be in ECM_IDLE. With respect to the MME, it will never enter into PSM while using light connection. Even if the UE’s state is ECM_IDLE, UE’s NAS is assumed to be aware that the UE is entering light connection. Therefore, PSM active timer might never get triggered.

Observation 2. MME will not start the active timer for UE in light connection as the UE’s state is ECM_CONNECTED.

Observation 3. UE’s ECM state at the UE is FFS pending RAN2 and CT1 decisions. However, UE’s NAS would potentially be aware of the UE entering light connection.
Proposal 3. RAN3 to wait until UE’s ECM state is finalized before discussing further about PSM mismatch. PSM will not be triggered if UE’s ECM state is also CONNECTED. 
2.4 High latency communication

This mode of operation is related to PSM and/or eDRX wherein data is buffered for a long period of time. We need to wait until the interaction of light connection with PSM and eDRX are further clarified. We already clarified in section 2.3 that PSM will most likely not be activated when UE is in light connection. 
Proposal 4. RAN3 to wait on discussing impact to high latency communication until the interaction of light connection with eDRX is clarified.

2.5 S1 release

In light connection mode, the UE’s S1 connection is maintained. Although it might be a rare case, if the MME wants to release the S1 for some reason, the serving eNB needs to be aware. A methodology similar to what was discussed in section 2.2 can be adopted wherein the indication is transferred to the serving eNB through the context transfer message [2].

Proposal 5. RETREIVE UE CONTEXT RESPONSE can include an indication of S1 being released towards the serving eNB to make it aware of the S1 release and perform RRC release as soon as UE resumes.

2.6 SMS messages-waiting 
As per [3], when there is Short message available at the MSC, upon finding that the UE is in active mode from the MME (as the UE state is ECM_CONNECTED at the MME), the SMS will be forwarded to the MME for delivery to the UE. If the lightly connected UE has changed cells in the meanwhile, the ‘anchor’ eNB would have to page the UE while buffering the NAS data received from the MME. If the paging is successful, the NAS PDU is successfully delivered to the UE without any issues. This aspect is similar to CSFB described in section 2.1 wherein the NAS message is delivered to the UE as soon as it resumes from light connection upon being paged.

Observation 4. SMS messages-waiting feature works with no issues when X2 paging is successful and the UE is reachable while in light connection. 
2.7 X2 paging failure

The primary concern for both CSFB and SMS messages-waiting features is that if the lightly connected UE is unreachable via RAN paging (e.g. UE went out of coverage for a period), the configured timers would expire waiting for response from the UE and the whole process would repeat again (as long as UE is in active mode at the MME) wasting CN and radio signalling. 

In order to mitigate this issue, the ‘anchor’ eNB could maintain a RAN paging timer and upon expiry of the timer, if it has NAS messages pending to be delivered to the UE, it could send NAS NON DELIVERY INDICATION to the MME with an appropriate cause value. This could trigger the MME to either be aware of UE’s unreachable status and thereby respond to MSC’s request that the UE is currently unreachable and/or initiate S1 release request towards the ‘anchor’ eNB. 
Proposal 6. The ‘anchor’ eNB could either initiate NAS NON DELIVERY INDICATION with appropriate cause value towards the MME upon unsuccessful X2 paging attempt, if the eNB has NAS PDUs that could not be delivered to the UE.
3 Conclusion

In this contribution we have discussed how some of the legacy functionality issues can be mitigated with the introduction of light connection and have the following observations and proposals:
Observation 1. The maximum delay suffered by CS caller towards a lightly connected UE would be 2.56s which is the maximum RAN-based paging DRX cycle to be configured. 

Proposal 1. CSFB can be handled with the normal procedure of getting the UE out of light connection. 
Proposal 2. RETREIVE UE CONTEXT RESPONSE can include an indication of cause value ‘load balancing TAU required’ for the serving eNB to become aware of the S1 release and perform RRC connection release once UE resumes.

Observation 2. MME will not start the active timer for UE in light connection as the UE’s state is ECM_CONNECTED from MME side.

Observation 3. UE’s ECM state at the UE is FFS pending RAN2 and CT1 decisions. However, UE’s NAS would potentially be aware of the UE entering light connection.
Proposal 3. RAN3 to wait until UE’s ECM state is finalized before discussing further about PSM mismatch. PSM will not be triggered if UE’s ECM state is also CONNECTED. 

Proposal 4. RAN3 to wait on discussing impact to high latency communication until the applicability/interaction of light connection with eDRX is clarified.

Proposal 5. RETREIVE UE CONTEXT RESPONSE can include an indication of S1 being released towards the serving eNB to make it aware of the S1 release and perform RRC release as soon as UE resumes.

Observation 4. SMS messages-waiting feature works with no issues when X2 paging is successful and the UE is reachable while in light connection.

Proposal 6. The ‘anchor’ eNB could either initiate NAS NON DELIVERY INDICATION with appropriate cause value towards the MME upon unsuccessful X2 paging attempt, if the eNB has NAS PDUs that could not be delivered to the UE.
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