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1   Introduction
In the last RAN3 meeting RAN initiated paging in Light Connection has been discussed.  There are also some impacts to legacy functionality which have been discussed as shown below:
-
Possible Legacy functionality impact needs to be discussed if confirmed:

-
CSFB (Incoming paging from CN – MME impact?)

-
Power Saving Mode (PSM)

-
High latency communication

-
MME load balancing
In this contribution, we will provide the further analysis on the impact to legacy functionality for Light Connection.
2   Discussion

2.1   CSFB 
As identified in [1], for a UE in lightly connected state, when receiving the Paging Request from the MSC, the MME responses to the MSC before the UE is actually paged due to that the lightly connected UE is seen as in RRC CONNECTED mode by the MME. So the MSC will send Alerting to the MO UE who originates the Call. If the RAN initiated paging fails in the end, the MO UE will think the called user does not answer the call while actually the called user didn’t received the call. This failure may occur in the scenario where the UE is in poor radio environment temporarily or the UE is shut down without notifying to network.
It shall be noted that this misunderstanding is originated from the fact that the MME responses the paging before receives Extended Service Request from UE. Even if the UE is in RRC CONNECTED mode, there also exists the scenario where the UE can not be reached by eNB when the eNB is requested by the MME to deliver the NAS message for CS fallback, for example, the UE is in poor radio environment temporarily. Therefore, there is no essential difference between UE in lightly connection and the UE in RRC CONNECTED for such misunderstanding. 

Observation 1: The misunderstanding in CSFB only occurs in rare case and the issue also exists for UE in RRC CONNECTED mode.
2.2   PSM

The PSM mode is defined in [2] as below:
	If the network allocates an Active Time value, the UE and the MME starts the Active timer (see clause 4.3.5.2) with the Active Time value allocated by the network when transitioning from ECM_CONNECTED to ECM_IDLE. The UE shall stop the Active timer, if running, when a transition to ECM_CONNECTED mode is made. When the Active timer expires, the UE deactivates its Access Stratrum functions and enters PSM. In PSM, due to deactivation of Access Stratum functions, the UE stops all idle mode procedures, but continues to run any NAS timers that may apply, e.g. the periodic TAU timer. The UE shall resume Access Stratum functions and idle mode procedures before the periodic TAU timer expires for performing the periodic TAU procedure as applicable. The UE may resume idle mode procedures and Access Stratum functions any time while in PSM, e.g. for mobile originated communications. Any timers and conditions that remain valid during power-off, e.g. for NAS-level back-off, apply in the same way during PSM.

When the Active timer expires for the UE, the MME knows that the UE entered PSM and is not available for paging. The MME handles availability for paging as detailed in clause 4.3.5.2.


The MME and the UE starts Active timer for PSM mode when transitioning from ECM-CONNECTED to ECM_IDLE. In Light Connection, the network will not start Active timer for PSM since the S1 of the UE is kept and active and the network is in ECM-CONNECTED as agreed in [2]. As proposed in [3], the UE shall be ECM-CONNECTED also to keep alignment with network, therefore, the UE will not start Active timer for PSM also.

Observation 2: The UE and the MME will not enter PSM mode in Light Connection.
2.3   High Latency Communication 

The High latency communication is defined in [4] as below:
	4.5.7
High latency communication

Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode (see clause 4.5.4) or extended idle mode DRX (see clause 4.5.13) depending on operator configuration. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).


Since the extended idle mode DRX and PSM mode could only be started after transitioning from ECM-CONNECTED to ECM_IDLE, the network will not be required to take care of high latency communication for lightly connected UE which is ECM-IDLE. Even if the High Latency Communion is identified as beneficial and needs to be introduced for lightly connected UE, the anchor eNB could also buffer the data for the UE and wait for the appropriate paging occasion.

Observation 3: the lightly connected UE will not start High Latency Communication since it is in ECM-CONNECTED. Even if the High Latency Communion is identified as beneficial and needs to be introduced for lightly connected UE, the anchor eNB could also buffer the data for the UE and wait for the appropriate paging occasion.
2.4   MME load balance 

The MME load balance is performed by initiating the S1 Release procedure with release cause "load balancing TAU required". The eNB will send RRC Connection Release to UE with "load balancing TAU required". 

Once receives the DL signalling, the anchor eNB will trigger paging. If the UE is still in the anchor eNB, the DL signalling could be transferred to UE by anchor eNB, otherwise the MME could re-send the DL signalling to the new eNB where the UE accessed and the new eNB could send RRC Connection Release to UE with "load balancing TAU required. Therefore, the MME load balance could be performed for lightly connected UE without extra standard impact.
Observation 4: the MME load balance could be performed for lightly connected UE without extra standard impact.
3   Conclusion
In this paper, we provided the analysis on the impact to legacy functionality for Light Connection, we give the following observations:
Observation 1: The misunderstanding in CSFB only occurs in rare case and the issue also exists for UE in RRC CONNECTED mode.
Observation 2: The UE and the MME will not enter PSM mode in Light Connection.
Observation 3: the lightly connected UE will not start High Latency Communication since it is in ECM-CONNECTED. Even if the High Latency Communion is identified as beneficial and needs to be introduced for lightly connected UE, the anchor eNB could also buffer the data for the UE and wait for the appropriate paging occasion.
Observation 4: the MME load balance could be performed for lightly connected UE without extra standard impact.
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