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Introduction

The following Rel-13 features can result in a big increase of the NAS transmission delays:
· Extended Coverage in GSM for IoT (EC-GSM)

For support of low-complexity, energy efficient MSs in adverse radio coverage conditions (CIoT_EC_GSM Work Item) - see [1] to [2]. See subclause 3.3.9 of TS 43.064 [3) for a description of Extended Coverage EGPRS (EC-EGPRS).

GPRS MM and SM timers of the MS and SGSN applicable to EC-EGPRS (i.e. if the SGSN supports EC-GSM-Iot and the MS uses EC-GSM-IoT) are multiplied by up to 3 to avoid message retransmission increase and higher signalling load. See [4].

· Extended Coverage in LTE (eMTC)

Same motivations as EC-GSM (Further LTE Physical Layer Enhancements for MTC, LTE_MTCe2_L1-Core work item). 

For Rel-13 cat.M1 UE and Rel-13 UE supporting CE mode B, the maximum range of some RAN timers have been extended – see [5], and EMM and ESM timers of the UE and MME applicable to Category M1 UEs operating in CE mode B are also multiplied by 2 to 3 (the exact value of the multiplier is still to be defined by CT1).  See [6].

CE mode A: no/small number of repetitions (coverage enhancement), mandatory for UE Category M1

CE mode B: large number of repetitions (coverage enhancement)
· NB-IoT 

To cope with the additional radio interface delay from NB-IoT, the maximum range of some RAN timers have been extended – see [5], and EMM and ESM timers of the UE and MME applicable for NB-IoT access are multiplied by 49 or 61. See [7].

NOTE:
SA2 has requested CT1 to reconsider the conclusion that NB-IoT can be handled by reusing “worst-case” timers (having very long NAS timers will give poor subscriber performance when the device is in good coverage and changes cell in NB-IoT) and suggested to use the coverage level (or NAS PDU Transmission Delay Indicator) at the time of S1 connection establishment to set appropriate NAS timers. See [8].
SA2 also commented that "Lengthy NAS retransmission timers might interact badly with timers in specifications under CT4 control. The number of such interactions that occur during normal network operation should be minimised".
Whatever the final CT1 solution, scenarios with the "worst case" timers will occur and need to be considered by CT4.

CT4 needs to assess the potential impacts of the increased NAS transmission delay on the CN internal interfaces.
Discussion

1. General considerations

The increase of the NAS transmission delay affects: 

· UL and DL NAS signalling
· GERAN (SGSN) and E-UTRAN (MME) for both NB-IoT and WB-E-UTRAN.

· Mobility Management and Session Management procedures/timers and thus may extend the duration of multiple procedures such as: 
i. Attach or Detach

ii. Security procedures (Authentication/Ciphering/Identity Request)

iii. Paging and Service Request 

iv. RAU/TAU 

v. UE requestd PDN connectivity / PDP context activation 

vi. Dedicated Bearer creation/update/deletion 

vii. Bearer modification / PDP context modification 

The current lowest EMM and ESM NAS timers have a value of 5s and 4s respectively (see [7]): 

· multiplying the NAS timers by 3 results in lowest EMM and ESM NAS timers of 12 and 15s for Extended Coverage in GSM and LTE; 
· multiplying these timers by 49 or 61 results in lowest EMM and ESM NAS timers of 245s (i.e. ~4 min) for NB-IoT.  Note that this value of 245 seconds does not take into account the possible extra waiting time due to other NAS data PDU being queued or under transmission before in the cell. So the total transmission timer might be even greater.
NB-IoT supports up to 2 DRBs per UE. This enables UEs to establish e.g. 2 PDN connections towards different APNs, but this allows also in principle to establish a (non-GBR) dedicated bearer with a single IP PDN connection (with data sent over the user plane). However, no practical use case has been identified so far to establish dedicated bearers in NB-IoT, so it is not really anticipated at this stage that a NB-IoT UE would request a dedicated bearer. Non-IP PDN connections do not support dedicated bearers.
For Extended Coverage in LTE, Cat. M1 UEs support the same number of DRBs (maximum 8 DRBs) as other LTE UEs. It is also possible for non-Cat. M1 UEs to use CE mode B, e.g. possibly by smartphones, but such UEs need to operate in BW reduced (BR) mode. Dedicated bearer signalling might possibly occur for UEs CE mode B (e.g. update or delete bearer request).  
2. GTP-C interfaces

The increase of the NAS transmission delay may affect the GTP-C procedures involving NAS signalling towards the UE: 

a) Downlink Data Notification (DDN)
b) Create Bearer Request

c) Update Bearer Request

d) Delete Bearer Request

e) Forward Relocation Complete Notification (extra latency to execute the handover and get the Handover Notify). 
For a), the SGW will get a Downlink Data Notification Acknowledge (DDN Ack) immediately, but the SGW may get the subsequent Modify Bearer Request only after a much longer time than what would be expected today, which may result, depending on implementation, in SGW re-sending DDN message(s) to the MME and/or in SGW dropping the DL packets. It is proposed to require the MME/SGSN to invoke extended buffering in SGW (i.e. include an extended buffer duration in the DDN Ack) when the MME/SGSN applies extended NAS timers for the UE, to avoid unnecessary DDN repetitions and ensure that DL packets are buffered in SGW for an extended duration which covers the increased NAS transmission delay. 
b) and c) might possibly occur, and if so, GTP-C message retransmissions could occur with the current settings of the T3 and N3 parameters. The option to increase T3 and N3 parameters according to the max delays of the worst coverage class is not foreseeable as this would affect all UEs, not only those with extended coverage, and this would defer GTP retransmission in scenarios where GTP-C messages are actually lost. The option to use a different set of T3 and N3 parameters for NB-IoT and Extended Coverage is not recommended because:

· although the PGW can know that a UE uses the NB-IoT access, the PGW cannot know how much additional NAS latency will be required (e.g. depending on whether the UE is in good coverage or not);

· increasing the GTP timers to the worst case for all UEs in NB-IoT would result in delayed GTP message retransmissions when GTP messages are really lost and the UE is in good coverage;

· the PGW does not know whether the UE is using Extended Coverage in GSM or LTE;

· this would add complexity to the MME/SGSN, SGW and PGW to support different set of T3 and N3 parameters for different PDN connections, and to ensure the parameters are aligned across all these entities.

It is proposed to keep the T3 and N3 parameters unchanged (i.e. to NOT extend them to cover the increased NAS transmission delays) and to recommend the MME/SGSN to process a Create Bearer Request and Update Bearer Request as specified in subclauses 5.4.1 and 5.4.2.1 of TS 23.401 for a UE in ECM-IDLE state with extended idle mode DRX enabled, but with a rejection cause indicating that the UE is not responding: i.e.

· the MME/SGSN starts a timer, upon receipt of the Create/Update Bearer Request, which is configured to a value smaller than the GTP re-transmission timer (T3-RESPONSE); 
· if the MME/SGSN receives no response from the UE before the timer expires, the MME/SGSN sends a Create/Update Bearer Response with a rejection cause "UE not responding".
As an option, like also supported for dedicated signalling scenarios for UEs using power saving (e.g. eDRX), the MME/SGSN may include in the rejection message use the cause value "UE is temporarily not reachable due to Power Saving", for a Delay Tolerant PDN connection, to request the PGW to hold the network initiated procedure until it receives the subsequent Modify Bearer Request message with the UASI flag indicating that the UE is available for end to end signalling. 
The above require minimal changes to MME/SGSN implementations.

For d), the MME/SGSN should acknowledge the release of the PDN connection to the SGW/PGW immediately, and tear down the PDN connection towards the UE in parallel, according to principles similar to what is done when the PGW initiates a PDN disconnection for a UE using a power saving function. 

e) is not applicable to NB-IoT. The source MME should be ready to support an increased latency to receive the Forward Relocation Complete Notification message. No standardization changes are required.

NOTE: 
In TAU scenario, the old MME arms a timer upon receipt of the Context Request message, when the UE has been authenticated, so as to keep the UE' s contexts for the case the UE initiates another TAU procedure before completing the ongoing TAU procedure to the new MME. See step 13 of subclause 5.3.3.1 of TS 23.401. It is assumed though that there is no use case where the new MME would need to initiate NAS signalling towards the UE before returning the Context Acknowledge to the old MME. With that assumption, there is no MME impact to support TAU scenario.
3. MT SMS
Per TS 29.002, MAP timers for MT SMS procedures are configured in the range of 1 to 10 minutes. 

mt-ForwardSM  OPERATION ::= {                                                    --Timer ml

with ml  = from 1 minute to 10 minutes;

So the SMSC may stop waiting for a response 1 to 10 min after sending the request and then take appropriate action for negative outcome. In the special case of MT-ForwardSM the value of the timer used in the SMSC may be transmitted to the serving node in the request. This allows the MME/SGSN to estimate the acceptable delay to wait for the paging response.

The MME/SGSN/VLR may use the MT SMS procedures supported for UEs using power saving to deliver MT SMS to UEs using Extended Coverage or NB-IoT (i.e. increased NAS timers). 
Note that with: 

· the power saving functions (eDRX, PSM), the serving node can determine when the UE should be reachable;  
· Extended Coverage, the serving node does not know the actual NAS transmission delay required to page the UE and get the paging response. But the serving node may trigger the MT SMS procedures for eDRX if it does not get a paging response within a certain delay.
The need for MT SMS retransmissions to UEs using Extended Coverage can be minimized by setting MT SMS timers in the SMS Service Center to a duration equal or greater than 4 minutes.
4. MT LR
The MME/SGSN may use the MT LR procedures supported for UEs using power saving to support MT-LR to UEs using Extended Coverage or NB-IoT (i.e. increased NAS timers). 

The MME/SGSN may trigger the MT LR procedures for eDRX if it does not get a paging response within a certain delay.
5. MT Non-IP Data
The MME may use the MT NIDD procedures supported for UEs using power saving to deliver MT Non-IP Data to UEs using Extended Coverage or NB-IoT (i.e. increased NAS timers). 

The MME may trigger the MT NIDD procedure for eDRX if it does not get a paging response within a certain delay.
Conclusion

It is proposed to document the above changes into the CT4 specifications to enable support of MT services towards UEs using Extended Coverage or NB-IoT.
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