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1. Introduction
CT1 has been discussing the extension of NAS timers due to IoT for several meeting in-a-row and finally a CR was agreed at the last meeting (#97; in Ljubljana). An editor’s note was added to study whether a simplified solution using a common multiplier value is feasible.

This discussion paper attempts to analyze the extension of NAS timers and evaluate a simplification based on the potential use of common multiplier value rather than using different ones based on calculating the highest of the uplink and downlink Extended Coverage Classes (ECC) of EC-GSM-IoT available in a certain area.

2. Analysis
2.1 Current situation
The Non-Access Stratum (NAS) is a set of protocols used to convey non-radio signalling between the UE and the core-network. TS 24.008 provides end-to-end timer management to protect against e.g. loss of messages. Timer management in NAS is supervised by timers associated to procedures. The values of these timers are radio agnostic (the very same value is used regardless of the air interface in use). Neither the MS nor the SGSN need to know which particular air interface is in used in order to set the value of timer which supervises retransmission of NAS message for a particular procedure.

Observation I: The values of the timers used for control of retransmissions are not dependant on the air interface used (GSM or UMTS).

Hence, if no response from the core-network within a certain time not dependant on air interface technology in use, a retry is attempted.

2.2 Present status on extension of NAS timers
Both GERAN and RAN has observed that the introduction of new radio interfaces for IoT (EC-GSM-IoT, LTE_MTCe2_L1-core, NB-IoT) results in a decrease in the data rates provided by the new radio interfaces for NAS signalling, and therefore longer latencies for sending and receiving messages can result in the retransmission timer timing out and the MS performing retransmission. The procedures will not fail but retransmission will be performed quite often in some scenarios. This should be avoided to have a more efficient signalling protocol and overall to reduce power consumption as we are talking about MSes which uses IoT applications.
Observation II: New radio interfaces developed for IoT have longer latencies for sending and receiving messages which can lead to retransmission of NAS messages when in today’s system this is quite unlikely to happen.

In order to avoid, performing retransmission has been discussed and agreed to extend the value of timers controlling impacted procedures (see C1-162317). The logic proposed is based on using a multiplier to the existing timer value based on introduction of a new logic if EC-GSM-IoT operation is used, the MS and the SGSN, quote:
shall apply extension of the applicable NAS timers using a multiplier according to table 4.7.2.xx. The multiplier to use is evaluated at start of a NAS procedure and is based on the highest of the uplink and downlink coverage classes. The multiplier is not re-evaluated until the NAS procedure is completed, restarted or aborted.

Observation III: The NAS layer in both the MS and the SGSN need to know the particularity of the radio interface in use to a radio granularity of uplink and downlink for all coverage classes available in a certain area. Later, non-access stratum (NAS) has to calculate the highest of both uplink and downlink of coverage classes in order to determine which multiplier to use. This is clearly moving radio functionality to NAS layer (overall in the MS) which this should be avoided if possible.


The CR contains an editor’s note which states, quote:
Editor’s Note:	Further study is needed to determine whether a simplified solution using a common multiplier value for all coverage classes is feasible.
Observation IV: CT1 should evaluate whether is possible to simplify the logic by using a common multiplier.

2.3 Is it necessary to adjust the values to 99th percentile as agreed in C1-162317?
The agreed solution (C1-162317) is based on simulations which details are provided in C1-161592, quote.
· Simulations to estimate delay times have been performed when suitable. The times presented here corresponds to the 99th percentile of the derived delay CDFs:
Observation V: The agreed solution mandates a particular implementation in NAS layer involving NAS-AS interaction and detailed of information exchanged which goal is to use a multiplier that results in timer value the closest to the 99th percentile based on simulations.

Let’s consider an example; retransmission based on the timers T3330 and T3310 which are used for controlling the time between retransmissions of the routing area updating and GPRS attach procedures. Note that both T3310 and T3300 are 15s.

Per the analysis provided in GERAN (see GPE150080) for the routing area updating procedure, quote:

Table 1 Routing Area Update latency estimate including authentication procedure
	Sub Procedure
	Legacy (ms)
	EC-GSM @CL=164

	RACH message(transmission time)
	5
	309

	t1
	80
	484

	Immediate Assignment message (transmission time)
	20
	940

	tMS
	20
	80

	RAU Request (4 RLC data blocks) + L2ACK s
	80+60+20
	30401

	t2=Network delay (Time to send RAU Request to SGSN and for SGSN to send Authentication and Ciphering Request to BSS + BSS scheduling delay
	100+100
	50+18302

	DL Assignment message (transmission time) 
	20
	940

	Authentication and Ciphering Request  (2 RLC data blocks) + L2 ACKs
TBF is released (for extended coverage case)
	40+60+20
	11603

	TMS
	80
	80

	RACH message (transmission time)
	NA
	309

	t1
	NA
	484

	Immediate Assignment message (transmission time)
	NA
	940

	tMS
	NA
	80

	Authentication and Ciphering Response (2 RLC data blocks) + L2 ACKs

	(200+100+60+20)5
	15204

	t2=Network delay (Time to send  Authentication and Ciphering Response RAU to SGSN and for SGSN to send RAU Accept to BSS + BSS scheduling delay
	100+100
	18802

	DL Assignment message (transmission time) 
	20
	940

	RAU Accept (4 RLC data blocks) + L2ACK s
	80+60+20
	23201

	Total time
	1465 ms (or 1.465s) 
	17386 ms



The above values are very aligned with our finding in real field logs where routing area updating procedure is performed in average below 2s.

Even when looking into field logs of both GPRS attach and routing area updating procedure with bad radio conditions or retransmission within the network entities the value of 15 is not reached with 99th percentile.


Observation VI: The time in GSM (existing and not EC-GSM-IoT) is 1.465s when the timer value T3330 is 15s. The timer values are actually oversized and the system works properly as the issue is not wait too much but not to wait too little so the MS or the SGSN ends up performing undesirable retransmissions and moving off from the PLMN.

Further the current CT1 agreement is based on calculation adjusted to 99th rather than providing longer waiting timer values. The problem we observe is that for 1% of the cases the value will fail and this should be avoided in our view by having longer waiting values as the purpose of the solution is to avoid retransmissions (power consumption). Also, the Extended Coverage Class (ECC) may dynamically change and the UE may even move between different ECC and therefore the extending the NAS timers per ECC cannot be guaranteed actually.

2.4 Implementation and test considerations
As previously mentioned, NAS timer values are radio interface agnostic and therefore implementation do not need to know which radio interface was used in order to set to initial value. If this principle is broken in our understanding this makes more complicated testing and maintenance.

Further to that, the agreed solution during CT1#97 (C1-162317) forces to consider when initiating the value to consider radio specific information and calculate the value, i.e., AS has to provide NAS not only with information of which radio interface is used but also the uplink and downlink coverage classes available in the area the NAS message is sent. Later NAS is responsible for having a new algorithm which finds the highest uplink and downlink coverage classes to apply one of 4 possible multipliers. This is evaluated only during the start of the procedure which seems in contradiction with the wish of the CR of adjusting the multiplier value to the most appropriate and accurate value (99th percentile) based on simulations.

As the goal of the agreed solution was to use the most accurate value, then the agreed solution seems too complicated, especially if the MS can move between areas with different ECCs. In this case how to accurately extend the NAS timer per ECCs and how to switch the NAS timer between different ECCs? How to synchronize the NAS timer between the SGSN and the MS per different ECCS?

If NAS uses a single multiplier, this should match the worst ECCs case (multiplier used 3). The only drawback of this solution is in case of no feedback and no other abnormal cases happened (e.g., lower layer failure/RRC release) during the whole duration of the timer value, then the UE has to wait for long time to retry even it is in the area with better ECCs. However, this is a rare and abnormal case which according to our simulations will not happen often, and also the very same situation exists today in GSM and UTRAN and no issue has been raised for lots of years so we believe that this drawback is very limited and acceptable in our view as it’s acceptable for GSM and UMTS (and even LTE if one considered TS 24.301 timer values).

3. Summary and proposal
Based on the information provided in this discussion paper is propose to update the agreed solution and have a simplified solution which uses a single multiplier for EC-GSM-IoT. Waiting longer time is not an issue but waiting too little and also implementation and testing effort must be in the picture in order to choose a solution which principle is to avoid the MS and the SGSN retransmitting NAS messages. The CR to implement this solution can be found in C1A160048.
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