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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 impact on NAS layer in the GSM case has been discussed in CT1#95bis and this paper provides further details on what delay can be expected in different cases. Additionally, the impacted NAS timers are analysed and a solution is proposed.
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 longer latencies when communicating with UEs under Enhanced Coverage conditions and impact on NAS can be expected. There are however differences in system principles between LTE and GSM that will impact the performance at Enhanced Coverage and information on expected radio interface delay for EC_LTE is needed for CT1 to analyse the NAS impact. Such information was requested in LS C1-160739 sent from CT1#95bis, and CT1 work to decide on a possible solution to apply at EC_LTE can continue when a response is received.
For GSM calculations and simulation results have been available some time (see CT1 DP [1] and GERAN DP [2]) and additional detailed simulations have been performed recently (see GERAN provided details of calculations [5]). Therefore it is seen that CT1 has sufficient information on NAS impact from EC_GSM to progress with solution discussion and decision.
2.2. Analysis
2.2.1 Timer values

Previous calculations and simulations for radio interface delay from RAU Request is sent by the MS until a RAU Accept is received from the network at EC_GSM, i.e. the time supervised by timer T3330, showed that there is a big variance in delay between coverage classes and that the delays increase significantly compared to legacy radio interface delay. The timer T3330 is a fairly long timer, 15s as the supervised part of the procedure also includes several network procedures and related processing. The simulation results [5] of radio interface delay for legacy system and EC_GSM can be seen in table 1.
	RAU, part 1
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	99th percentile
	1.8s
	6.9s
	7.9s
	12.9s
	31.8s


Table 1: Time from RAU Request to RAU Accept, MS side, CC1-4
To get a better understanding of the general EC_GSM impact additional simulations have been performed for the P-TMSI Reallocation procedure. This is a procedure limited to SGSN and MS signalling and the sizes of the NAS messages are small compared to RAU procedure messages. Timer T3350 supervised this procedure and this is also the same timer as supervises the latter, optional, part of the RAU procedure. P-TMSI reallocation does not include additional network signalling but is limited to the NAS messages between SGSN and MS and the legacy value is therefore shorter, 6s. The simulation result [5] can be found in Table 2.
	P-TMSI Realloc
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	99th percentile
	0.8s
	3.0s
	3.5s
	5.4s
	13.8s


Table 2: Time from P-TMSI REALLOCATION COMMAND to P-TMSI REALLOCATION COMPLETE, MS side, CC1-4

As can be seen the radio interface delays are shorter than the previously simulated delays for the first part of the RAU procedure and this can be explained by the smaller message sizes and the additional Authentication and ciphering procedure part of the RAU procedure. The values for P-TMSI reallocation can be seen as minimum values due to the one radio interface round trip and the minimal message sizes.
Note that the indicated expected delay only includes the radio interface delay, and any other signalling and processing included in the procedure is not part of these numbers. Such signalling and processing are not impacted by EC_GSM and will perform according to a legacy system. The expected radio interface delay should therefore be compared to radio interface delay in a legacy system and allow similar safety margins in supervision timers as in legacy.

It would seem reasonable to assess whether NAS timer need to be extended for EC_GSM by adding the simulated EC_GSM delay to the existing timer value reduced by current radio interface delay. These values would then cover the additional radio interface delay at EC_GSM and still keep the same overhead for other types of delay. Such extension principle would maintain the risk for timer expiry at the same level as in legacy system. Table 3 shows the result for T3330 and T3350 (when P-TMSI Reallocation is supervised).
	
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	T3330
	15s
	20.1s
	21.1s
	26.1s
	45s

	T3350
	6s
	8.2s
	8.7s
	10.6s
	19s


Table 3: NAS timer values allowing additional EC_GSM radio interface delay

To apply NAS timer values as close as possible to the values in Table 3 when EC_GSM is used would ensure that the NAS procedure supervision performs as close as possible to current system. Shorter values increase the risk for timer expiry and retransmissions, and longer values result in unnecessarily high resource usage. On the other hand to specify exact values per coverage class for every timer would result in a more complex specification and implementation. To seek a simplified extension principle the relation between legacy value and calculated extended timer value using a multiplication factor is shown in table 4.
	
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	T3330
	15s
	20,1s
	21.1s
	26.1s
	45s

	T3330ext multiplier
	1.0
	1.4
	1.4
	1.7
	3

	T3350
	6s
	8.2s
	8.7s
	10.6s
	19s

	T3350ext multiplier
	1.0
	1.4
	1.5
	1.8
	3.2


Table 4: NAS timer values allowing additional EC_GSM radio interface delay and multiplication factors
From the results of multiplication factor calculation it can be seen that the factors are fairly well aligned between T3330 and T3350. It can also be seen that the factors for coverage classes 1 and 2 differ very little. It is therefore proposed to apply a simplified NAS timer extension for EC_GSM using multiplication factors where the same factor is used for coverage classes 1 and 2. The exact factors to use should be discussed bearing the consequences of too short and too long timers in mind. It is also seen beneficial if the resulting values after multiplication are simple. A proposal including resulting extended values for T3330 and T3350 is seen in table 5. The proposed values have in most cases been chosen slightly longer rather than shorter to prioritise lower radio interface signalling load as the simulated values were based on 99th percentile.
	
	Legacy
	EC-GSM, CC1
	EC-GSM, CC2
	EC-GSM, CC3
	EC-GSM, CC4

	EC_GSM NAS timer multiplier
	1.0
	1.5
	1.5
	2
	3

	T3330ext
	15s
	22.5s
	22.5s
	30s
	45s

	T3350ext
	6
	9s
	9s
	12s
	18s


Table 5: Proposed EC_GSM NAS timer multiplication factors and resulting timer values.
2.2.2 Applicable timers
The next step in the analysis is to determine what NAS timers are applicable to EC_GSM extension. Using a few general assumptions the timers in 24.008, subclause 11 are evaluated. The assumptions are:

· EC_GSM is applicable to PS only;

· Only NAS timers supervising radio interface signaling are applicable;

· Only GSM timers are applicable;

· Timers where values are network signaled are not applicable; and

· Timers with values significantly larger than the maximum simulated EC_GSM delay are not applicable.
Based on these assumptions, only GPRS NAS timers need to be evaluated for EC_GSM extension. The list of timers including comment and conclusion can be found in Table 6 (MS timers) and Table 7 (network timers).
	TIMER NUM.
	TIMER VALUE
	COMMENT
	CONCLUSION

	T3310
	15s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3311
	15s
	No radio interface supervision
	Not applicable for EC_GSM extension

	T3316
	30s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3318
	20s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3320
	15s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3321
	15s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3330
	15s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3340

(Iu mode only)
	10s
	Iu mode only
	Not applicable for EC_GSM extension

	T3302
	Default 12 min


	No radio interface supervision. Long value
	Not applicable for EC_GSM extension

	T3312
	Default 
54 min
	No radio interface supervision. Long value
	Not applicable for EC_GSM extension

	T3314

READY

(A/Gb mode only)
	Default 
44 sec
	Can be signalled
	Not applicable for EC_GSM extension

	T3317

(Iu mode only)
	15s
	Iu mode only
	Not applicable for EC_GSM extension

	T3319

(Iu mode only)
	Default 30s


	Iu mode only
	Not applicable for EC_GSM extension

	T3323
	
	No radio interface supervision. Can be signalled. Long default value
	Not applicable for EC_GSM extension

	T3324
	
	No radio interface supervision. Can be signalled. Long default value
	Not applicable for EC_GSM extension

	T3346
	
	No radio interface supervision. Can be signalled. Long default value
	Not applicable for EC_GSM extension

	T3380
	30s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3381 
	8s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3390
	8s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3396
	
	No radio interface supervision. Can be signalled. Long default value
	Not applicable for EC_GSM extension

	Back-off timer
	12 min
	No radio interface supervision. Can be signalled. Long default value
	Not applicable for EC_GSM extension


Table 6: MS GPRS NAS timer evaluation.
	TIMER NUM.
	TIMER VALUE
	COMMENT
	CONCLUSION

	T3322
	6s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3350
	6s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3360
	6s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3370
	6s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3313
	
	No standardized value. Network dependent. Needs to be appropriately configured in EC_GSM deployments.
	Not applicable for EC_GSM extension

	T3314

READY

(A/Gb mode only)
	Default 
44 sec

	Can be signalled
	Not applicable for EC_GSM extension

	T3315
	
	No standardized value. Network dependent. Needs to be appropriately configured in EC_GSM deployments.
	Not applicable for EC_GSM extension

	mobile reachable
	
	No radio interface supervision. Long value
	Not applicable for EC_GSM extension

	implicit detach timer
	
	No radio interface supervision. Long value
	Not applicable for EC_GSM extension

	active timer
	
	No radio interface supervision. Signalled value.
	Not applicable for EC_GSM extension

	T3385
	8s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3386
	8s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension

	T3395
	8s
	Procedure supervision including radio interface signalling
	Applicable for EC_GSM extension


Table 7: Network GPRS NAS timer evaluation.
2.2.3 Network internal impact
If the timing of NAS procedures is updated for EC-GSM this can impact timing on network internal interfaces that rely on NAS procedures to progress. If the NAS signalling uses more time there is a risk of timeout on the network internal interface if timers are based on current NAS timing. This applies to GTP where S4 interface timing can be impacted.

The parameters in GTP that supervise procedure response and retransmissions are N3 and T3-RESPONSE. These parameters however have no standardized values but are for “Network Implementation”. It is therefore assumed that this principle of non-standardized, implementation specific and possibly deployment configurable values will work also for networks that make use of EC-GSM. Such deployments need to configure appropriate values for EC-GSM to work well and no standardization is required.

The same principle applies for paging supervision timers and also for this case no standardization is required.

3. Proposal
It is proposed, based on the above discussion, that 3GPP TS 24.008 is updated with a solution for GPRS NAS timer extension to be applied when EC_GSM is used. The proposed solution is based on multipliers that shall be used on the identified NAS timers when lower layers indicate that EC_GSM is used. The CR to implement this solution can be found in C1-161593.
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