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Abstract:

This paper takes a look at the extra time needed to send L3 (signalling) message in NB-S1 mode; WB-S1 mode with Extended Coverage (EC); and Extended Coverage in GSM IoT (EC-GSM-IoT), due to delays at L2 caused by the decrease in bandwidth in such narrow band and repetition of message transmission in extended coverage environments. From that this paper proposes revisiting the extension of the timer guarding the sending of Detach Request for switch off.

1.
General

In 24.004, subclause 4.7.4.1.1, one finds the following text:-

If the MS is to be switched off, the MS shall try for a period of 5 seconds to send the DETACH REQUEST message. If the MS is able to send the DETACH REQUEST message during this time the MS may be switched off
Such similar text can be found in 24.301, subclause 5.5.2.2.1.

In CT1#104, C1-172156 and C1-172157 were submitted wherein it was proposed that a mobile operating in NB-S1 or in WB-S1 with EC or in EC-GSM-IoT, will extend this period of 5 seconds by a factor (or value) corresponding to the other NAS timers (e.g. T3321, T3421) whose values have been extended in these operating environments. The reasoning to extend this period of 5 seconds merely because other NAS timers were extended was not acceptable to CT1 and these CRs were not progressed.
After CT1#104, Intel did some investigation, and whilst we believe that it is not a good enough reason to extend this period of 5 seconds just because other NAS timers have been extended, especially given that in this case the mobile is switching off, Intel feels that it is necessary to consider the underlying reason for this period of 5 seconds and from that angle, consider whether to extend that period of time.
2.
Discussion & Analysis

In our understanding, the period of 5 seconds  is a kind of buffer time to ensure the delivery of L3 message in case of possible delays or retransmissions at L2. So even though the mobile is powering off and not requiring services (until next power on), it is still necessary – at least advantageous – that the NW is aware that the mobile is "gone". For instance, the mobile's context in the NW can be cleaned up; user's status updated in the HSS, necessary (user not reachable) supplementary services be put into motion. Hence since GSM, a time period is put in place to be sure the DEATCH REQUEST gets sent.
So in NB-S1 or in WB-S1 with EC or in EC-GSM-IoT because of the bandwidth limitation and the repetition of transmission, what is the safe period of time to allow UE to successfully deliver a L3 message?
2.1
In EC-GSM-IoT
In CT1#94 (Belgrade, Oct 2015), the LS from GERAN in C1-153842, included the GERAN contribution GPE150080. In Table 1 of GPE150080, GERAN's latency estimates for sending a RAU in legacy (normal coverage) is 285ms, while in EC this would take 4853ms – i.e. the time from RACH to receiving IMMEDIATE ASSIGNMENT to then send 4 RLC blocks with L2 ack.

>>> extract from Table 1 of GPE150080 >>>

Table 1 Routing Area Update latency estimate

	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


>>> end of extract  >>>

If one considers that RAU requires 4 RLC blocks and that DEATCH REQUEST is a shorter message than RAU, we are certainly on the safe side if we use 4853ms as a ball park figure for DETACH REQUEST.
So it is seen that by GERAN's calculations, there is a latency of an extra ~ 4.6 seconds (i.e 4853ms minus 285ms)
· Deduction 1:
We deduce it can take about 4.6 seconds longer to send a L3 msg in EC GSM than in normal coverage.
2.2
In WB-S1 with EC

In CT1#97 (Ljubljana, April 2016), RAN2 informed CT1 in LS C1-161745, that certain RRC timers have been extended. And that RAN2 has done this taking into account the "the worst case enhanced coverage level".
>>> extract from RAN2 LS C1-161745 >>>

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.
>>> end of extract  >>>

The RRC timer T300 is started when RRC sends the RRC Connection Request, and T300 is stopped when RRC receives the RRC Connection Setup. Then RRC will then transmit the L3 message with the final RRC Connection Setup Complete. So giving that T300 a maximum of 10s, RAN2 must have considered that at max it takes 10s for the RRC connection to get established and the RRC can start sending the L3 message (which triggered the request for an RRC connection).
So in theory, in WB-S1 mode with EC, the time the NAS triggers the sending of the DEATCH REQUEST to the time RRC can actually start sending the that DETACH REQUEST can take up to 10s. If we use T-PollRetransmit as a guiding value for the time it takes to transmit the DETACH REQUEST message (as was done in CR 24.301-2764 r4 (C1-170937)), we end up with a total time of 14 seconds.
· Deduction 2:
We feel safe to assume that in WB-S1, considering worst case enhanced coverage, the time the DETACH REQUEST gets transmitted, can take up to 14 seconds.
2.3
In NB-S1

In CT1#98 (Osaka, May 2016), RAN2 informed CT1 in a follow up LS in C1-162976 that for NB-IoT (i.e. NS-S1), considering the worst coverage conditions, RAN2 has extended certain RRC timers as follows:-

>>> extract from RAN2 LS C1-162976 >>>

1. The value of T300 and T301 is up to 60 seconds.
2. In RLC, the value of T-PollRetransmit is up to 180 seconds.

>>> end of extract  >>>

So we can estimate that from the time the NAS starts the Detach procedure until the RRC actually starts sending that DEATCH REQUEST in RRC Connection Setup Complete, it can take up to 60s in NB-S1. Using T-PollRetransmit as a guiding value for the time it takes to transmit the DETACH REQUEST message, we would end up with a total time of 240 seconds. This could appear a bit long for a detach due to switch-off, so as a compromise we suggest to give the UE 120 seconds time to send the message before switch-off.
Note:
If the UE manages to send the DETACH REQUEST before 120 seconds is up, the UE can proceed to switch off. This is allowed in the existing text "If the MS is able to send the DETACH REQUEST message during this time the MS may be switched off " so the 120 seconds is the worst case scenario.
Additionally, UEs using WB-S1 mode in extended coverage are "special" mobiles meant for specific IOT markets. These are not the average normal human subscribers using box-standard SAE/LTE mobiles.
· Deduction 3:
In NB-S1, considering worst coverage conditions, it can take up to 60s to start sending the L3 DETACH REQUEST. As the transmission of the DETACH REQUEST message can take more time than in WB-S1 mode, we suggest to give the UE 120 seconds time to send the message before switch-off is performed.
3.
Conclusions, recommendations, proposals
From the analysis above, we conclude that in EC-GSM-IoT, in WB-S1 enhanced coverage and in NB-S1, allowing the mobile a period of 5 seconds  to send the DETACH REQUEST is too short. Given that it is advantageous that the NW does know the mobile is detaching with power off, we conclude that it is good to extend that period of time to send DETACH REQUEST before mobile powers off.
We recommend the following:-
a) In EC-GSM-IoT, that  period of 5 seconds  be changed to a period of 10s. This recommendation follows from our Deduction 1 where we deduce it will take about 4.5 longer to send a L3 message.


b) In WB-S1 with enhanced coverage, that  period of 5 seconds  be changed to a period of 14s. This follows from our Deduction 2.


c) In NB-S1, that  period of 5 seconds  be changed to a period of 120s. This follows from our Deduction 3.

It must be noted that extending this period of time beyond 5s does not mean that the mobile is kept powered ON for the duration of the extended time. As can be seen/read in current 24.008 and 24.301, there is the text

" If the MS is able to send the DETACH REQUEST message during this time the MS may be switched off "

Thus given that even if that period of time is extended, the mobile can actually switch off once the DEATCH REQUEST is sent (and not have to wait till end of the extended time) Intel proposes :-

Proposal 1): Extend the period of time for sending the DETACH REQUEST  for all 3 cases: EC-GSM-IoT, WB-S1 mode with enhanced coverage and NB-S1 mode.

Proposal 2): For 24.008, adopt recommendation a)

Proposal 3) For 24.301, adopt recommendation b) and c).
Intel has submitted a CR in C1-17bbbb and C1-17cccc to meet the above proposals.
