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1. Introduction 
Many existing functionalities require the specific support of paging, e.g. MT data, MT call. The paging could be triggered when the UE in idle mode or active mode, depending on the specific requirement for different functionalities. The legacy paging for different functionalities is defined based on the MME initiated paging. In RAN initiated paging, the UE associated S1 connection is kept when the UE RRC connection is released. On one hand, some of the MME initiated paging will not be triggered any more. One the other hand, some functionalities behaved at the connected mode will requires extra support of the RAN initiated paging, which is not touched before.

In order to avoid disabling or negatively affecting the existing functionality, the impacts result from RAN initiated paging should be considered. In this paper, we analyse the impacts result from RAN initiated paging for the following existing features and require RAN3 to consider and fix the impacts.
· CSFB
· Power Saving Mode(PSM)
· High latency communication
· MME load balancing
2. Discussion
2.1  CSFB

	23.272

7.2
Mobile Terminating call in idle mode

6.
The radio resource part of the paging procedure takes place. The message contains a suitable UE Identity (i.e. S‑TMSI or IMSI) and a CN Domain indicator. If eNodeB received Paging with Priority Indication in step 5, it performs the paging procedure preferentially compared to other normal paging.

7a.
The UE establishes an RRC connection and sends an Extended Service Request for mobile terminating CS fallback to MME. The UE indicates its S-TMSI in the RRC signalling. The Extended Service Request message is encapsulated in RRC and S1‑AP messages. The MME sends the SGs Service Request message to the MSC containing an indication that the UE was in idle mode (and hence, for example, that the UE has not received any Calling Line Identification information). Receipt of the SGs Service Request message stops the MSC retransmitting the SGs interface Paging message.

	7.3
Mobile Terminating call in Active Mode - PS HO supported

1a.
The MSC receives an incoming voice call and responds by sending a Paging Request (IMSI or TMSI, optional Caller Line Identification and Connection Management information, CS call indicator, priority indication) to the MME over a SGs interface. The MSC only sends a CS Page for an UE that provides location update information using the SGs interface. In active mode the MME has an established S1 connection and if the MME did not return the "SMS-only" indication to the UE during Attach or Combined TA/LA Update procedures, the MME reuses the existing connection to relay the CS Page to the UE.
……
The eNodeB forwards the paging message to the UE. The message contains CN Domain indicator and, if received from the MSC, the Caller Line Identification.


The MME immediately sends the SGs Service Request message to the MSC containing an indication that the UE was in connected mode. 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. Receipt of the SGs Service Request message stops the MSC retransmitting the SGs interface Paging message.
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Fig.1
For CSFB, when the MSC receives an incoming voice call, it responds by sending a Paging Request to the MME over a SGs interface. In MME initiated Paging:
- In case of UE in idle mode, the response from the MME is required to wait for the completion of paging, UE connection setup and extended serving request. 
- In case of UE in connected mode, to fast the E2E connection setup, the MME will immediately response to the MSC and MSC will send alerting to the calling party UE.
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In RAN initiated paging (light connection), the UE associated S1 connection is kept when the UE RRC connection is released. For the UE in light connection, the MME still understand the UE is still in connected and the MME also immediately response to the MSC after receiving the Paging Request from MSC. So the MSC also immediately send Alerting to the calling UE. For the calling party side, the user understands the E2E connection is established and just waits for the called user to answer the phone. However, the called UE may be unreachable, e.g. power off, in power saving mode, etc. So the E2E connection is in fake connection. The calling user may blame why the called user not answer his call but the called user will argue he didn’t receives this call. The user experience will be negatively impacted.
Proposal1: RAN3 is proposed to consider the impact result from RAN initiated paging for CSFB.
2.2  Power Saving Mode (PSM)
	23.401 

4.3.22
UE Power Saving Mode

A UE may adopt a PSM that is described in TS 23.682 [74]. If a UE is capable of adopting a PSM and it wants to use the PSM it shall request an Active Time value and may request a Periodic TAU/RAU Timer value during every Attach and TAU procedures, which are handled as described in TS 23.682 [74]. The UE shall not request a Periodic TAU/RAU Timer value if it is not requesting an Active Time value. The network shall not allocate an Active Time value if the UE has not requested it.

PSM has no support in the CS domain on the network side.

NOTE 1:
When the PSM is activated the UE might not be available for paging of Mobile Terminated CS services even though the UE is registered in the CS domain.

NOTE 2:
The Attach and TAU procedures of this specification are not showing the details of the Periodic TAU Time and Active Time negotiation, i.e. are not showing the related IEs.

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.

On UE side the PSM complies with some substates of EMM_REGISTERED, as specified in TS 24.301 [46]. The MME considers the UE to be EMM_REGISTERED, but not reachable. The UE's Access Stratum functions are considered as deactivated during PSM.

For mobile terminated data while a UE is in PSM, the functions for High latency communication may be used as described in clause 4.3.17.7.

When the UE has bearers for emergency services, the UE shall not apply PSM.


For PSM, UE may request PSM to the MME in NAS signaling. If the MME confirm the PSM for the UE, it will configure an Active Timer to the UE.  When the UE disconnect to the network, the UE will activate the PSM. At the beginning, in the PSM active time, the UE still listen to the network. After the PSM active time, the UE it will stop the behavior in idle mode, e.g. cell reselection, paging listen, etc., just like power off. 
The RAN initiated paging or light connection is decided by the eNB. The eNB is transparent to the negotiation of PSM between the UE and the MME. When the UE disconnects with the eNB and turns into light connection, if the UE also allocated with PSM, the UE cannot receives the paging. Keeping UE in light connection may disallow the UE to turn into PSM, which disobeys the UE’s wish and the MME’s decision. 
It seems not all the UE are suitable for light connection.

Proposal2: RAN3 is proposed to consider the impact result from RAN initiated paging for PSM.

2.3  High latency communication
	4.3.17.7
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 4.3.22) or extended idle mode DRX (see clause 5.13a) 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). The feature is described in TS 23.682 [74].

The High latency communication includes invoking extended buffering of MT data at the Serving GW when the UE is in a power saving state and not reachable.


For MME initiated paging, the DL data is buffered at the SGW, when the UE is unreachable, for the delay tolerant data, the SGW will buffer the data in an expected buffer timer.
For RAN initiated paging, the DL data is buffered at the eNB. When the UE is unreachable, the eNB may discard the buffered data directly. However, the data is for high latency communication.
Proposal3: RAN3 is proposed to consider the impact result from RAN initiated paging for High latency communication. 

2.4  MME load balancing
	To off-load ECM-CONNECTED mode UEs, the MME initiates the S1 Release procedure with release cause "load balancing TAU required" (clause 5.3.5). The S1 and RRC connections are released and the UE initiates a TAU but provides neither the S-TMSI nor the GUMMEI to eNodeB in the RRC establishment.


If a MME would like to offload a UE to loose some load, the MME initiates the S1 Release procedure with release cause "load balancing TAU required". The cause of "load balancing TAU required" will be relay to the UE via RRC release procedure. The UE receiving "load balancing TAU required" will trigger TAU request and sends RRC connection setup without the old MME’s identifier information. The receiving eNB will select a new MME according to load balancing.

However, when the UE is in light connection, the MME understand the UE is in ECM connected but the UE’s RRC connection already be released, the behaviour indication of "load balancing TAU required" cannot be relayed to the UE. If the RAN initiated paging is triggered by "load balancing TAU required", the extra signalling of Paging, RRC setup and RRC release is required. 
Proposal4: RAN3 is proposed to consider the impact result from RAN initiated paging for MME load balancing. 

2.5 Summary
In summary, some behavior at the MME side for UE in connected mode is not suitable for UE in light connection. Some UE are not suitable for light connection. Some functionalities don’t work any more for UE in light connection.
Tabular -1 Summary of impacts result from RAN initiated paging
	feature
	Impacts

	CSFB 
	MME response the MSC’s paging request too early. Impact the calling party’s user experience

	PSM
	UE requesting PSM wants to sleep (no idle mode behavior) to save power when disconnects to the network.

The eNB doesn’t know the UE’s PSM request and may configure the UE in light connection. The RAN initiated paging cannot reach UE and the anchor eNB relocation may not supported.

	High latency communication
	For delay tolerant DL data, the eNB doesn’t know whether to buffer the DL data in case the UE unreachable (e.g. No Paging response)

	MME Load Balancing
	S1 Release with cause "load balancing TAU required".  However, the UE already disconnected. The indication of "load balancing TAU required" cannot be sent to the UE.


3. Conclusion 

In this paper, we analyse the impacts result from RAN initiated paging for the following existing features and require RAN3 to consider and fix the impacts.

Proposal1: RAN3 is proposed to consider the impact result from RAN initiated paging for CSFB.

Proposal2: RAN3 is proposed to consider the impact result from RAN initiated paging for PSM.

Proposal3: RAN3 is proposed to consider the impact result from RAN initiated paging for High latency communication. 

Proposal4: RAN3 is proposed to consider the impact result from RAN initiated paging for MME load balancing. 
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