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1. Introduction 
In RAN3#93bis, the following aspects need further discussion in RAN3:

-
How to support CP signalling in Light connection 
-
It is FFS will NAS Data be forwarded over X2.

-
It is FFS how to handle the Class1 signalling in case the UE response the paging to a new eNB.

-
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
This paper analyzes the open issues as follows

-
Whether the MME holds the CP signalling for UE in LC mode 

- 
Whether the MME holds the data over NAS for UE in LC mode 

-
The impact on MME related operation, e.g. CSFB, MME load balancing
-
The impact on power saving related operation e.g. Power Saving Mode (PSM), eDRX, High latency communication

2. Discussion 
2.1 Class1 CP signaling
In legacy, when the UE is in idle mode, the MME will trigger MME initiated paging in case dedicated bearer activation, dedicated bearer modification, dedicated bearer deactivation or the PDN disconnection is required. These operations are reflected as the E-RAB Setup procedure, E-RAB Modification procedure and E-RAB Deletion procedure.

For UE in LC, the UE associated S1connection is kept as active, if the MME send the class 1 CP signaling (e.g. the E-RAB Setup Request message) to the anchor  eNB. The anchor eNB should initiate RAN initiated paging. 

However, if the UE responses the RAN initiated paging in a new eNB, the old eNB cannot continue the E-RAB setup procedure since E-RAB setup is a class1 procedure. If the old eNB fail the E-RAB setup procedure, the MME will also fail the dedicated bearer request from the SGW. The dedicated bearer activation failure for inter eNB case should be avoid.
Observation1: If the UE responses the RAN initiated paging in a new eNB, the old eNB cannot continue the Class1 CP signaling procedure which triggers the RAN initiated paging.
For class1 CP signaling, there might be two options: 

· Option1: The MME sends the E-RAB setup request to the LC eNB and the LC eNB trigger RAN initiated paging. If the UE response the paging at a new eNB, the old eNB fails the E-RAB setup request with a cause indication that the UE is in LC mode. The MME will not fail the Bearer Activation Procedure from the SGW and retransmit the E-RAB setup procedure after reception of path switching to the new eNB.

· Option2: The MME holds the E-RAB setup request at the MME and notifies the eNB to trigger RAN initiated paging. After the UE back to connected, the MME send the E-RAB setup request to the eNB where the UE access. The old LC eNB should notify the MME the UE is in LC.

Proposal1: It is proposed to consider the two options to support the Class1 CP signaling for the UE in LC mode.
2.2 Class2 CP signaling and Data over NAS

For class2 CP signaling, e.g. DL NAS Transfer message, whether the MME holds the NAS PDU is also no clear. 

For class2 CP signaling, there might be two options: 
· Option1: The MME sends the DL NAS Transfer to the LC eNB and the LC eNB trigger RAN initiated paging. If the UE response the paging at a new eNB, the old eNB forwards the received NAS PDU to the new eNB and the new eNB send it to the UE. 
· Option2: If the UE response the paging at a new eNB, the MME includes the non-delivered NAS message within the NAS-PDU IE and an appropriate cause value, e.g. the UE is in LC mode.

If there are n NAS PDU buffered. Option2 costs extra 2*n message than Option1 with regard to non-delivered NAS message from the old eNB and DL NAS Transfer to the new eNB for each NAS PDU. Since the intention of LC is to save signalling, Option1 is optimal. 
If there is only one NAS PDU buffered, it can be carried in the Retrieve UE Context Response message. If there are multiple NAS PDU, it is better for the eNB to provide a data forwarding address to the old eNB to avoid multiple NAS transport messages over X2. 
Proposal2: It is proposed to forward the NAS PDU from the old eNB to the old eNB.
Proposal3: It is proposed that the old eNB includes the single NAS PDU into the Retrieve UE Context Response message and the new eNB provides a data forwarding address for NAS PDU in case there are multiple NAS PDU forwarding requirements.
2.3 Power saving related
Some UE are not suitable for light connection. E.g. power saving related operation The power saving related operation includes: PSM, eDRX and High latency communication, etc.

The power saving related operation allows the UE to sleep for long time as power off. It is requested by the UE and confirmed by the MME. After the RRC connection release, the UE will sleep according the power saving configuration. Generally, the RRC connection release is due to the transaction between the UE and NW become inactive. The release due to the reason of inactive is only triggered by the eNB since the MME is a CP entity and cannot know whether the S1-U becomes inactive or not.
However, for LC mode, when the transaction between the UE and NW become inactive, the UE is required to be awake since the UE is required to back to connected mode if the UE moves out the LC paging area. The UE has to monitor the network during mobility. 

Observation2: LC disallows the UE to perform the power saving related operation, which disobeys the UE’s wish and the MME’s decision. 

LC is designed for signaling reduction and it is beneficial for the UE with frequent data transmission. The UE requesting power saving operation wishes to save power w.r.t. the limited power storage. Those UE generally have infrequent data transmission requirement, e.g. eDRX configuration for MTC UE. Keep these kind of UE in LC has no benefit but to increase its power consumption, which is bad UE experience. 

If the UE in LC doesn’t stay in ECM_idle (ECM_connected or the other), the eNB should not configure LC mode for the UE which has been configured with power saving related operation.

If the UE in LC stay in ECM_idle, the power saving configuration should be configured to the anchor eNB in order to support RAN initiated paging.

Proposal4: If the UE in LC doesn’t stay in ECM_idle (ECM_connected or the other), the eNB should not configure LC mode for the UE which has been configured with power saving related operation.

Proposal5: If the UE in LC stay in ECM_idle, the power saving configuration should be configured to the anchor eNB in order to support RAN initiated paging.
2.4 MME operation related 

Some behavior at the MME side for UE in connected mode is not suitable for UE in light connection e.g. CSFB. Some functionality doesn’t work anymore for UE in light connection, e.g. MME load balancing.
CSFB
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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.

Observation3: the S1 paging message may arrive to the anchor eNB and will also the trigger of RAN initated paging. 
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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.

Observation4: the MME responses the CSFB paging request too early, which the user experience will be negatively impacted.
MME load balancing by means of DCN Relocation
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MME may redirect a connected UE to another DCN MME by means of NAS rerouting. For UE in LC, the received Initial UE Context Setup Request triggered RAN initiated paging. However, in case the UE response the paging in another eNB, the procedure cannot continue. So, the old eNB should not enforce MME relocation request by the MME.
Obervation5: the MME load balancing by means of DCN Relocation cannot work for UE in LC.
MME load balancing by means of RRC release with TAU required
	3 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. 

Obervation6: the MME load balancing by means of RRC release with TAU required cannot work for UE in LC. 
3. Conclusion 
This paper analyzes the open issues for CP and existing functionalities.

For Class1 CP signaling

Observation1: If the UE responses the RAN initiated paging in a new eNB, the old eNB cannot continue the received Class1 CP signaling procedure which triggers the RAN initiated paging.
Proposal1: It is proposed to consider the two options to support the Class1 CP signaling for the UE in LC mode.
For Class2 CP signaling and data over NAS
Proposal2: It is proposed to forward the NAS PDU from the old eNB to the old eNB.

Proposal3: It is proposed that the old eNB includes the single NAS PDU into the Retrieve UE Context Response message and the new eNB provides a data forwarding address for NAS PDU in case there are multiple NAS PDU forwarding requirements.

.

For power saving related operations
Observation2: LC disallows the UE to perform the power saving related operation, which disobeys the UE’s wish and the MME’s decision. 

Proposal4: If the UE in LC doesn’t stay in ECM_idle (ECM_connected or the other), the eNB should not configure LC mode for the UE which has been configured with power saving related operation.

Proposal5: If the UE in LC stay in ECM_idle, the power saving configuration should be configured to the anchor eNB in order to support RAN initiated paging.
For Impact of the MME operations 
Observation3: the S1 paging message may arrive to the anchor eNB and will also the trigger of RAN initated paging. 
Observation4: the MME responses the CSFB paging request too early, which the user experience will be negatively impacted.
Obervation5: the MME load balancing by means of DCN Relocation cannot work for UE in LC.
Obervation6: the MME load balancing by means of RRC release with TAU required cannot work for UE in LC. 
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5. Annex
CP signalling
	5.4.1
Dedicated bearer activation

3.
The Serving GW sends the Create Bearer Request (IMSI, PTI, EPS Bearer QoS, TFT, S1-TEID, PDN GW TEID (GTP-based S5/S8), LBI, Protocol Configuration Options) message to the MME. If the UE is in ECM-IDLE state the MME will trigger the Network Triggered Service Request from step 3 (which is specified in clause 5.3.4.3). In that case the following steps 4-7 may be combined into Network Triggered Service Request procedure or be performed stand-alone.

	5.4.2.1
PDN GW initiated bearer modification with bearer QoS update

3.
The Serving GW sends the Update Bearer Request (PTI, EPS Bearer Identity, EPS Bearer QoS, TFT, APN‑AMBR) message to the MME. If the UE is in ECM‑IDLE state the MME will trigger the Network Triggered Service Request from step 3 (which is specified in clause 5.3.4.3)….

	5.4.3
PDN GW initiated bearer modification without bearer QoS update

3.
The Serving GW sends the Update Bearer Request (PTI, EPS Bearer Identity, APN-AMBR, TFT, Retrieve Location) message to the MME. If the UE is in ECM-IDLE state (and extended idle mode DRX is not enabled) the MME will trigger the Network Triggered Service Request from step 3 (which is specified in clause 5.3.4.3)….

	5.4.4.1
PDN GW initiated bearer deactivation

4a.
If the last PDN connection of a UE that does not support "Attach without PDN connectivity" is being released and the bearer deletion is neither due to ISR deactivation nor due to handover to non-3GPP accesses, the MME explicitly detaches the UE by sending a Detach Request message to the UE. If the UE is in ECM-IDLE state the MME initiates paging via Network Triggered Service Request procedure in clause 5.3.4.3 from step 3a onwards in order to inform UE of the request. Steps 4b to 7b are skipped in this case, and the procedure continues from step 7c.

4b.
If the UE is in ECM-IDLE state and the reason for releasing PDN connection is "reactivation requested", the MME initiates paging via Network Triggered Service Request procedure in clause 5.3.4.3 from step 3a onwards in order to inform UE of the request and step 4c is performed after completion of the paging.

	5.10.3
UE or MME requested PDN disconnection

1b.
The MME decides to release the PDN connection. This may be e.g. due to change of subscription, lack of resources, due to SIPTO in case the PDN connection serves a SIPTO-allowed APN or on receiving a PGW Restart Notification from the Serving GW as specified in TS 23.007 [72]. If the UE is in ECM-IDLE state and the reason for releasing PDN connection is "reactivation requested" e.g. due to SIPTO, the MME initiates paging via Network Triggered Service Request procedure in clause 5.3.4.3 from step 3a onwards in order to inform UE of the request.


Extended Idle mode Discontinuous Reception (DRX)

	5.13a
Extended Idle mode Discontinuous Reception (DRX)

The extended idle mode DRX value range will consist of values that are a power of 2, starting from 5.12s (i.e. 5.12, 10.24, 20.48 and so on) up to a maximum of 2621,44s (43.69 min).

A UE and the core network may negotiate the use of extended idle mode DRX as described in TS 23.682 [74]. The MME includes the extended idle mode DRX cycle length in paging message to assist the eNodeB in paging the UE


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.


CSFB 

UE Power Saving Mode
	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.
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