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1 Introduction
In eMTC, several AS timers are extended considering the case with the highest coverage enhanced level and the AS timer extension is informed to CT1 to consider whether the NAS timer needs to be extended or not [1].
1. The T300, T301 and T304 is extended from a maximum of 2s to 10s.

2. In RLC, the T-PollRetransmit is extended from a maximum of 500ms to 4sec; the T-Reordering is extended from a maximum of 200ms to 1.6sec; and, the t-StatusProhibit is extended from a maximum of 500ms to 2.4sec.
In NB-IoT, narrower band is applied for data transmission and more repetition numbers are used to provide higher coverage enhanced level than that in eMTC. 

In this contribution, the latency of AS layer is analyzed, it is proposed CT1 needs to consider how to extend the NAS timer according to the extended AS timer. 

2 Discussion
2.1 AS timer extension in NB-IoT

Similar to the AS timer extension in eMTC, the NB-IoT also needs to consider the extension of the AS timer. T300, T301 and T-PollRetransmit are applicable in NB-IoT, their extended values are shown in table 1.
Table 1: extended AS timer in NB-IoT
	Timer
	Values in NB-IoT

	T300

	in [2], the extended values are {ms2500, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000}

	T301
	in [3], the extended values are { ms2500, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000}

	T-PollRetransmit
	in [4], the extended values are { ms1000, ms2000, ms3000, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, ms90000, ms120000, ms180000}


The minimum values of the three timers are the same minimum values in LTE which are applied in the normal coverage level or low coverage level. The maximum values are calculated by the maximum repetition number and the maximum transmission time for UE in highest coverage level. 
The NB-IoT supports 8 coverage levels as for T300 and T301, it can be assumed that each value is for each coverage level. 

Regarding T-PollRetransmit, there are 13 values, every two values are assumed to be used for each coverage level. The maximum value is applied in highest and second highest coverage levels.

2.2 The NAS procedure and latency analysis
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Figure 1. General procedure
Figure 1 shows a general procedure for AS and NAS message transmission to illustrate how the timers listed in table 1 impact the AS latency. The S1 transmission time and the processing time in UE, eNB and MME has not been taken into account. 

T300 and T301 specifies the time that the UE initiates the (Re-) establishment of RRC connection procedure when upper layers request while the UE is in RRC_IDLE. The T300 and T301 are extended according to the calculation in [2] [3]. 
Besides T300 and T301, there are two typical time period in the air interface: Uplink transmission time and Downlink Transmission time.
T1 represents the Uplink transmission time, and specifies the time it takes from the moment the UE sends a UL RRC signaling to when it is received by eNB. The time could be roughly calculated by the number of RLC retransmission * number of HARQ transmissions for the UL. In [4] we assume that each UL transmission takes ~5 seconds, including scheduling and there are 5 HARQ transmissions. When the RLC retransmission number is set to 4 (the default value for SRB1), the value of T1 is ~100 seconds (4 * 5 * 5seconds).
T2 represents the Downlink transmission time, and specifies the time it takes from the moment the eNB sends a DL RRC signaling to when it is received by UE. The time could be roughly calculated using the same assumptions as T1, therefore the value of T2 is ~100 seconds, the same as T1.
From the analysis above the typically UL/DL transmission time is much longer than legacy LTE or eMTC. As NAS messages are also carried by UL/DL RRC signaling on the air interface CT1 should consider the AS latency to extend NAS timer.
Observation 1: The NAS timers may need to be extended due to the extended AS timers.
Proposal 1: Send LS to CT1 informing the latency of AS layer to help CT1 consider whether and how to extend the NAS timers.
3 Conclusion
This paper discusses the extension of AS timer and the latency of AS layer, a proposal is given in the following.

Proposal 1: Send LS to CT1 informing the latency of AS layer to help CT1 consider whether and how to extend the NAS timers.
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5 Annex
The NAS timers are listed in table 1 to table 4 for reference. 
Table 1: EPS mobility management timers – UE side
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP

	T3402
	Default 12 min.

NOTE 1
	At attach failure and the attempt counter is equal to 5.

At tracking area updating failure and the attempt counter is equal to 5.
ATTACH ACCEPT with EMM cause #16 or #17 and the attempt counter is equal to 5 for CS/PS mode 2 UE, or ATTACH ACCEPT with EMM cause #22, as described in subclause 5.5.1.3.4.3.
TRACKING AREA UPDATE ACCEPT with EMM cause #16 or #17 and the attempt counter is equal to 5 for CS/PS mode 2 UE, TRACKING AREA UPDATE ACCEPT with EMM cause #16 or #17 and the attempt counter is equal to 5 for CS/PS mode 1 UE with "IMS voice not available" and with a persistent EPS bearer context, or TRACKING AREA UPDATE ACCEPT with EMM cause #22, as described in subclause 5.5.3.3.4.3.
	ATTACH REQUEST sent

TRACKING AREA UPDATE REQUEST sent NAS signalling connection released



	T3410
	15s
	ATTACH REQUEST sent
	ATTACH ACCEPT received

ATTACH REJECT received

	T3411
	10s
	At attach failure due to lower layer failure, T3410 timeout or attach rejected with other EMM cause values than those treated in subclause 5.5.1.2.5.

At tracking area updating failure due to lower layer failure, T3430 timeout or TAU rejected with other EMM cause values than those treated in subclause 5.5.3.2.5.
	ATTACH REQUEST sent

TRACKING AREA UPDATE REQUEST sent
EMM-CONNECTED mode entered (NOTE 6)

	T3412
	Default 54 min.

NOTE 2
NOTE 5
	In EMM-REGISTERED, when EMM-CONNECTED mode is left.
	When entering state EMM-DEREGISTERED or when entering EMM-CONNECTED mode. 

	T3416
	30s
	RAND and RES stored as a result of an EPS authentication challenge
	SECURITY MODE COMMAND received

SERVICE REJECT received

TRACKING AREA UPDATE ACCEPT received

AUTHENTICATION REJECT received

AUTHENTICATION FAILURE sent

EMM-DEREGISTERED, EMM-NULL or

EMM-IDLE mode entered

	T3417
	5s
	SERVICE REQUEST sent
EXTENDED SERVICE REQUEST sent in case f, g, i and j in subclause 5.6.1.1
EXTENDED SERVICE REQUEST sent with service type set to “packet services via S1” in case a, b, c, h and k in subclause 5.6.1.1
	Bearers have been set up

SERVICE REJECT received
Indication of system change from lower layer received
cdma2000® 1xCS fallback rejection received

	T3417ext
	10s
	EXTENDED SERVICE REQUEST sent in case d in subclause 5.6.1.1

EXTENDED SERVICE REQUEST sent in case e in subclause 5.6.1.1 and the CSFB response was set to "CS fallback accepted by the UE"
	Inter-system change from S1 mode to A/Gb mode or Iu mode is completed
Inter-system change from S1 mode to A/Gb mode or Iu mode is failed

SERVICE REJECT received

	T3418
	20s
	AUTHENTICATION FAILURE (EMM cause = #20 "MAC failure" or #26 "non-EPS authentication unacceptable") sent
	AUTHENTICATION REQUEST received or AUTHENTICATION REJECT received

or

SECURITY MODE COMMAND received

when entering EMM-IDLE mode

indication of transmission failure of AUTHENTICATION FAILURE message from lower layers

	T3420
	15s
	AUTHENTICATION FAILURE (cause = #21 "synch failure") sent
	AUTHENTICATION REQUEST received or AUTHENTICATION REJECT received

or

SECURITY MODE COMMAND received

when entering EMM-IDLE mode

indication of transmission failure of AUTHENTICATION FAILURE message from lower layers

	T3421
	15s
	DETACH REQUEST sent with 

the Detach type IE not indicating "switch off"
	DETACH ACCEPT received

	T3423
	NOTE 3
	T3412 expires while ISR is activated and either T3346 is running or the UE is in one of the following states:

- EMM-REGISTERED.NO-CELL-AVAILABLE;

- EMM-REGISTERED.PLMN-SEARCH; 

-EMM-REGISTERED.UPDATE-NEEDED; or

-EMM-REGISTERED.LIMITED-SERVICE.
	When entering state EMM-DEREGISTERED or when entering EMM-CONNECTED mode.

	T3430
	15s
	TRACKING AREA UPDATE REQUEST sent
	TRACKING AREA UPDATE ACCEPT received

TRACKING AREA UPDATE REJECT received

	T3440
	10s
	ATTACH REJECT, DETACH REQUEST, TRACKING AREA UPDATE REJECT with any of the EMM cause #7, #8, #11, #12, #13, #14, #15 or #35
SERVICE REJECT received with any of the EMM cause #7, #8, #11, #12, #13, #15 or #35
TRACKING AREA UPDATE ACCEPT received after the UE sent TRACKING AREA UPDATE REQUEST in EMM-IDLE mode with no "active" flag and the user-plane radio bearers have not been setup

DETACH ACCEPT received after the UE sent DETACH REQUEST with detach type to "IMSI detach"
	NAS signalling connection released

Bearers have been set up or a request for PDN connection for emergency bearer services or a CS emergency call is started

	T3442
	NOTE 4
	TRACKING AREA UPDATE REJECT, SERVICE REJECT with any of the EMM cause #9, #10 or #40
	NAS signalling connection released



	NOTE 1:
The cases in which the default value of this timer is used are described in subclause 5.3.6.

NOTE 2:
The value of this timer is provided by the network operator during the attach and tracking area updating procedures.

NOTE 3:
The value of this timer may be provided by the network in the ATTACH ACCEPT message and TRACKING AREA UPDATE ACCEPT message. The default value of this timer is identical to the value of T3412.

NOTE 4:
The value of this timer is provided by the network operator when a service request for CS fallback is rejected by the network with EMM cause #39 "CS service temporarily not available".
NOTE 5:
The default value of this timer is used if the network does not indicate a value in the TRACKING AREA UPDATE ACCEPT message and the UE does not have a stored value for this timer.
NOTE 6:  The conditions for which this applies are described in subclause 5.5.3.2.6.


Table 2: EPS mobility management timers – network side
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP

	T3413
	NOTE 2
	Paging procedure for EPS services initiated
	Paging procedure for EPS services completed
Paging procedure is aborted

	T3415
	NOTE 6
	Paging procedure for EPS services initiated for a UE which the network accepted the request to use eDRX
	Paging procedure for EPS services completed
Paging procedure is aborted

	T3422
	6s
	DETACH REQUEST sent
	DETACH ACCEPT received

	T3450
	6s
	ATTACH ACCEPT sent

TRACKING AREA UPDATE ACCEPT sent with GUTI
TRACKING AREA UPDATE ACCEPT sent with TMSI
GUTI REALLOCATION COMMAND sent
	ATTACH COMPLETE received

TRACKING AREA UPDATE COMPLETE received

GUTI REALLOCATION COMPLETE received

	T3460
	6s
	AUTHENTICATION REQUEST sent

SECURITY MODE COMMAND sent
	AUTHENTICATION RESPONSE received

AUTHENTICATION FAILURE received

SECURITY MODE COMPLETE received

SECURITY MODE REJECT received

	T3470
	6s
	IDENTITY REQUEST sent
	IDENTITY RESPONSE received

	Mobile reachable
	NOTE 4
	Entering EMM-IDLE mode
	NAS signalling connection established

	Implicit detach timer
	NOTE 3
	The mobile reachable timer expires while the network is in EMM-IDLE mode 
	NAS signalling connection established

	active timer
	NOTE 5
	Entering EMM-IDLE mode
	NAS signalling connection established

	NOTE 1:
Typically, the procedures are aborted on the fifth expiry of the relevant timer. Exceptions are described in the corresponding procedure description.

NOTE 2:
The value of this timer is network dependent.
NOTE 3:
The value of this timer is network dependent. If ISR is activated, the default value of this timer is 4 minutes greater than T3423.
NOTE 4:
The default value of this timer is 4 minutes greater than T3412. If T3346 is larger than T3412 and the MME includes timer T3346 in the TRACKING AREA UPDATE REJECT message or SERVICE REJECT message, the value of the mobile reachable timer and implicit detach timer is set such that the sum of the timer values is greater than T3346. If the UE is attached for emergency bearer services, the value of this timer is set equal to T3412.
NOTE 5:
If the MME includes timer T3324 in the ATTACH ACCEPT message or TRACKING AREA UPDATE ACCEPT message and if the UE is not attached for emergency bearer services and has no PDN connection for emergency bearer services, the value of this timer is equal to the value of timer T3324.
NOTE 6:  The value of this timer is smaller than the value of timer T3-RESPONSE (see 3GPP TS 29.274 [16D]).


Table 3: EPS session management timers – UE side
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP

	T3480
	8s
	BEARER RESOURCE ALLOCATION REQUEST sent


	ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST received or MODIFY EPS BEARER CONTEXT REQUEST received or BEARER RESOURCE ALLOCATION REJECT received

	T3481
	8s
	BEARER RESOURCE MODIFICATION REQUEST sent
	ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST received or MODIFY EPS BEARER CONTEXT REQUEST received or DEACTIVATE EPS BEARER CONTEXT REQUEST received or BEARER RESOURCE MODIFICATION REJECT received

	T3482
	8s
	An additional PDN connection is requested by the UE which is not combined in attach procedure
	ACTIVE DEFAULT EPS BEARER CONTEXT REQUEST received or PDN CONNECTIVITY REJECT received

	T3492
	6s
	PDN DISCONNECT REQUEST sent
	DEACTIVATE EPS BEARER CONTEXT REQUEST received or PDN DISCONNECT REJECT received

	T3493
	4s
	REMOTE UE REPORT sent
	REMOTE UE REPORT RESPONSE received

	Back-off timer
	
	defined in 3GPP TS 24.008 [13]
	

	NOTE 1:
Typically, the procedures are aborted on the fifth expiry of the relevant timer. Exceptions are described in the corresponding procedure description.


Table 4: EPS session management timers – Network side
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP

	T3485
	8s
	ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST sent
ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST sent
	ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT received 

or ACTIVATE DEFAULT EPS BEARER CONTEXT REJECT received 

or ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT received 

or ACTIVATE DEDICATED EPS BEARER CONTEXT REJECT received

	T3486
	8s
	MODIFY EPS BEARER CONTEXT REQUEST sent
	MODIFY EPS BEARER CONTEXT ACCEPT received 

or MODIFY EPS BEARER CONTEXT REJECT received

	T3489
	4s
	ESM INFORMATION REQUEST sent
	ESM INFORMATION RESPONSE received



	T3495
	8s
	DEACTIVATE EPS BEARER CONTEXT REQUEST sent
	DEACTIVATE EPS BEARER CONTEXT ACCEPT received

	NOTE 1:
Typically, the procedures are aborted on the fifth expiry of the relevant timer. Exceptions are described in the corresponding procedure description.
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