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Analysis of NAS timer T3330
Introduction
At GERAN#67 a new work item on Extended Coverage GSM was approved [1] together with the final version of the Cellular IoT Technical Report [2]. 
In order to achieve extended coverage on the logical channels EC-GSM relies on blind repetition of bursts/radio blocks where the number of repetitions are associated to a given coverage class. This approach results in a decrease in the data rates and thus longer latencies for sending and receiving messages and may as such have impacts on various NAS timer settings.  
In the TR Working Assumption 8.1.6-4 states: 
 “Given the low data rates on the CIoT radio interface, the NAS timers in the selected Core Network are anticipated to need modification”
In this contribution the latency of one relevant NAS timer T3330 associated with the Routing Area update procedure is analyzed in order to access the impacts the lower data rate in general and in particular if there is need for modification of the T3330 timer time out value.  
Analysis of Routing Area Update procedure
The Intra SGSN Routing Area Update procedure including Security Functions is illustrated in Figure 1 Intra SGSN Routing Area Update Procedure. The security functions  in turn consists of the Authentication and Ciphering Request and Response procedure.  More specifically, the RAU can be broken down into several basic operations as seen in Figure 2 which provides a sequence of message exchanges for RAU procedure for the case where a  1 phase access is used for the initial access. 
[image: ]
[bookmark: _Ref431844885]Figure 1 Intra SGSN Routing Area Update Procedure


The timer that is associated with Routing Area Update procedure is T3330 [3] which is started when the ROUTING AREA UPDATE REQUEST message is sent and stopped when the ROUTING AREA UPDATE ACCEPT or ROUTING AREA UPDATE REJECT is received. The time out value of this timer is 15 seconds.  The timer is started when the NAS layer forwards the RAU REQUEST message to lower layers and stopped when lower layers transfers the RAU ACCEPT message to the NAS layer. 
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[bookmark: _Ref431845068]Figure 2  Routing Area Update Procedure

The following assumptions/considerations have been made in the latency analysis in table1:
· The device output power is assumed to be 33 dBm. 
· The analysis is performed only for an EC-GSM device in the highest Coverage Class corresponding to a coupling loss of 164 dB. 
· Both the RAU REQUEST and the RAU ACCEPT messages are assumed to require 4 RLC data blocks.
· Both the Authentication and Ciphering REQUEST and RESPONSE messages are assumed to require 2 data blocks. 
· The time to send a RAU Request message from the BSS and to receive Authentication and Ciphering Request message is assumed to take 50 ms. This corresponds to Gb transmission delay plus SGSN reaction time.   
· The time to send the RACH message, Immediate Assignment and DL assignment messages are based on the proposed channel mapping for EC-GSM see TR subclause 6.2.4.2.6 [2]. For details see the analysis for Exception Report Latency Performance Evaluation [6]. 
· The scheduling delay in the BSS before transmitting an Immediate Assignment message t1 and  the wait times in the MS during packet transfer, tMS are assumed to to be the same as in the exception report analysis [6].
· The time to send the RAU REQUEST and RAU ACCEPT messages are based on the analysis in GPC150449 “EC-GSM, Throughput, delay and resource analysis” [4] were the impacts of combing blind repetitions of radio blocks and HARQ retransmissions have been taken into account when calculating the latency to send an exception report of 50 bytes or a DL ACK. The values are taken form the access methods that results in 4 original radio blocks to be transmitted, i.e., the one phase access for the 50 bytes MAR report (supplemented with overhead  from lower layers resulting in the need for 4 RLC data blocks) and the ASAP for the  DL ACK, see table 1 in GPC150449 [4]. The delays are taken as the 99th percentiles of the delays are 3.04 sec and 2.32 seconds, respectively.  It should be noted that in these delay values both waiting/scheduling delays as well as time to send L2 Acks are included.  
· The time to send and receive the two RLC data block for the AUTHENTICATION and CIPHERING REQUEST and RESPONSE messages are approximated to be half of the RAU ACCEPT and RAU REQUEST messages, respectively. 

Table 1 Routing Area Update latency estimate
	Sub Procedure
	EC-GSM @CL=164

	RACH message(transmission time)
	309

	t1
	484

	Immediate Assignment message (transmission time)
	940

	tMS
	80

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

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

	DL Assignment message (transmission time) 
	940

	Authentication and Ciphering Request  (2 RLC data blocks) + L2 ACKs
TBF is released
	11603

	TMS
	80

	RACH message (transmission time)
	309

	t1
	484

	Immediate Assignment message (transmission time)
	940

	tMS
	80

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

	15204

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

	DL Assignment message (transmission time) 
	940

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

	Total time
	17386 ms



Note 1: Total time including blind repetitions and HARQ re-transmissions. 
Note 2: After transmission of the RAU REQUEST the UL TBF is released. Alternatively the network may in the final PUAN indicate to the MS continues to monitor the DL PACCH for a downlink RLC/MAC control message (Packet DL assignment), see sub-clause 9.3.2.4.3 (i.e. extended UL TBF mode can be used) in [5]. The first monitoring event is 8th 52-multiframe following the 52-multiframe in which the EC-EGPRS PACKET UPLINK ACK/NACK message was received i.e. 1880 ms after the PUAN. With 50 ms network delay the remaining BSS scheduling delay is 1830 ms. 
Note 3:  Approximated as half of the RAU ACCEPT transmission time.
Note 4:  Approximated as half of the RAU REQUEST transmission time.
Discussion and proposal
[bookmark: _GoBack]In table 1 it can be seen that for an EC-GSM device at a coupling loss of 164 dB, the latency for the intra SGSN RAU procedure, when it includes security functions, is estimated to reach total transmission time of ca 17 seconds and thus exceeds the time out value of 15 sec.  In addition, given the targeted use case consisting of mainly stationary devices it is expected that the coverage conditions will be more or less the same over time. In other words, there is a high risk that the MS will time out at subsequent Routing Area Update attempts. 

In other words, based on the this analysis and considering that the total time for the inter SGSN Routing Area Update scenario will be even longer, the conclusion is that there is a need to extend timer T3330 in order to support also EC-GSM devices. 

Finally, it is proposed to send an LS to CT1 and attach the contribution and ask  CT1 to review the assumptions and conclusions and also analyze if other relevant NAS timers need further analysis. 
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