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1. Introduction

GERAN2 and RAN2 have updated their specification to introduce support for Extended Coverage in GSM and LTE. As a result of the technical solutions to achieve extended coverage significant delay will be added to the signalling between UE and network in both directions. The added delay will impact NAS layer and this paper intends to highlight what delay can be expected in different cases so that CT1 can discuss and agree the principles of a solution to handle UEs operating in Extended Coverage in the best way.
2. Discussion

2.1 Background
Under the Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (CIoT_EC_GSM) work item [3] approved in August 2015, GERAN has introduced support for Extended Coverage in GSM to be able to support low-complexity, energy efficient MSs in adverse radio coverage conditions. To achieve this on the logical channels of the radio interface 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 supported for NAS signalling on the radio interface and thus longer latencies for sending and receiving messages and may as such have impacts on various NAS timer settings.
The corresponding work for extended coverage in LTE (the term Enhanced Coverage is used in RAN) has been introduced under the Further LTE Physical Layer Enhancements for MTC (LTE_MTCe2_L1-Core) work item [4] including similar justification and objective as the GERAN work item. Also the LTE solution will introduce a decrease in the data rates and longer latencies when communicating with UEs under Enhanced Coverage conditions and impact on NAS will be comparable to the GSM case.
As the GERAN work for GSM is slightly more mature than the RAN work for LTE, so more information, calculations and simulation results are available for analysis of EC-GSM. Therefore analysis in this paper is based on EC-GSM, but it is assumed that the same principles are applicable for Enhanced Coverage in LTE even if exact values will differ.
Note that the estimated radio network delays presented in this paper are based on simulations but certain parts of the processing have been estimated. Even if small corrections could be needed later, the accuracy of the current values is still believed to be relatively high.
2.2. Analysis
To use Extended Coverage for GSM, support is needed in both network and MS. The MS will be aware of EC-GSM support in the cell via information sent on the radio interface (presence of an EC-GSM CCCH on TS1 of the BCCH carrier), and the MS selects a Coverage Class that provides connectivity depending on the radio coverage. The current agreement is to specify four coverage classes where worse radio coverage is supported by higher coverage classes at the cost of increased signaling delay. When the MS communicates with the network the MS, BSS and SGSN are all aware of the coverage class currently used. The SGSN is informed via new information in BSSGP and the coverage class can in theory be changed per UL message from MS to SGSN.
In CT1#94 an LS [1] was received from GERAN to provide information on EC-GSM and a request from GERAN to CT1 to analyze NAS impact of EC-GSM introduced delays. As an attachment to the LS there was a GERAN analysis [2] of expected radio delays on the MS side at RAU procedure when the MS operated in coverage class 4. The analysis shows that the time of approximately 17.5 seconds from MS sending the RAU Request to RAU Accept is received. This part of the procedure is supervised with a MS timer T3330 that in current specification has a value of 15 seconds. More recent detailed calculations indicate that the 90th percentile of the time from RAU Request to RAU Accept for a MS in coverage class 4 is approximately 18.5 seconds and the 99th percentile of the same case is approximately 33 seconds. This should be compared to the same time in a legacy system which is below 1.5 seconds.

	
	Legacy
	EC-GSM, coverage class 4

	99th percentile
	1.3s
	33.0s

	90th percentile
	1.3s
	18.5s


Table 1: Time from RAU Request to RAU Accept, MS side, CC4
It can be concluded from the above that there is a high risk of message retransmission if T3330 is not modified for an MS operating in coverage class 4.
Observation 1: There is a high risk of message retransmission with EC-GSM and current MS timer T3330.

As the increased latency with EC-GSM will impact all messages sent over the radio interface, similar delay can be expected on the network side, i.e. the time from RAU Accept to RAU Complete, when applicable, will also increase to a similar order as the delay on the MS side. This part of the procedure is supervised by network timer T3350 in current specification has a value of 6 seconds, and for this part of the procedure there is thus increased risk of several retransmissions or even procedure failure if legacy NAS timers are kept.
Observation 2: There is a very high risk of message retransmission or procedure failure with EC-GSM and current network timer T3350.

There is no other signaling involved in the actions supervised by T3350 than the RAU Accept and RAU Complete, compared to T3330 where significant CN signaling also occurs. It can thus be expected that a similar difference between T3330 and T3350 should be kept if modified for EC-GSM. EC-GSM will add latency to all messages sent over the radio interface, so the relative impact can be expected to be greater for the currently short NAS timers.
Observation 3: The relative impact will be greater on currently short NAS timers with EC-GSM.

To provide better input to the discussion and decision how to handle EC-GSM in NAS, the expected latency for coverage classes 1-3 have also been calculated and the result is shown in Table 2.
	
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	99th percentile
	1.3s
	5.7s
	7.7s
	12.4s
	33.0s

	90th percentile
	1.3s
	4.7s
	5.2
	7.7s
	18.5s


Table 2: Time from RAU Request to RAU Accept, MS side, CC1-4
From Table 2 it can be seen that there is a big variance in expected latency when different coverage classes are used. If the NAS timers are extended based on maximum EC-GSM latency they will be unnecessarily long for lower coverage classes i.e. the spacing of NAS message retransmissions (upon expiry of T3330 and T3350) will be unnecessarily large if timer values are always based on the worst coverage class. If the NAS timers are extended based on lower coverage classes or a median expected latency, there will still be an increased risk of retransmissions and procedure failures for the high coverage classes.
Observation 4: The delay variance is big between EC-GSM coverage classes.

This analysis only looks at the RAU procedure, but it should be noted that the increased latency of EC-GSM will impact all signalling between MS and network and the delays will not improve for subsequent messages in a procedure or for session management messages compared to mobility management. There is thus a need to perform closer analysis of all NAS timers, and also the impact on other network interfaces and protocols needs to be evaluated.
Observation 5: The EC-GSM impact needs to be analyzed for all NAS timers.

Observation 6: The EC-GSM impact needs to be analyzed for other interfaces and protocols, e.g. GTP.

2.3. Proposal
To start the CT1 discussion regarding how to address support for EC-GSM it is proposed to decide the high level principles of a solution. Even if detailed impact on most NAS procedures has not been done, the analysis of the RAU procedure provides sufficient information to decide the following:
1. Do NAS timers need to be updated to support EC-GSM or if NAS timers are not updated can the expected increase of message retransmission and procedure failures be accepted?

2. Should NAS timers be updated based on coverage class or can a generic extension for all coverage classes (based on the worst coverage class) be accepted?

3. Should there be network control of EC-GSM NAS timer extension (e.g. via broadcast of system information) or can fixed extensions be accepted?

For question 3 it can be considered if a slightly more complex mechanism that allows configurable adjustments of the NAS timers adjusted for Extended Coverage to achieve a more robust solution is better than a solution with fixed standardised timer extensions.

It is proposed that CT1 discusses the EC-GSM impact and decides, if possible, on the questions above. It is further proposed that a LS is sent to GERAN, RAN2 and other possibly impacted groups to inform of any CT1 decision or position on the topic.
3. Conclusion
It is concluded that there will be significant CT1 impact from introducing EC-GSM and EC-LTE. CT1 needs to discuss and decide how to address the impacts on NAS and inform involved groups of and CT1 decision or position.
References

[1] C1-153842, " LS on Extending NAS timers to support EC-GSM operation ", CT1#94, October 2015.
[2] GPE15080, “Analysis of NAS timer T3330”, 3GPP TSG GERAN1&2 Adhoc#1 on CIoT_EC_GSM & eDRX_GSM, October 2015.
[3] GP-151039, “New Work Item on Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (CIoT_EC_GSM)”, GERAN#67.

[4] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”, RAN#65
