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Discussion and decision
1 Introduction

This contribution provides a discussion on the foreseen NAS impact for Rel-13 reduced bandwidth UEs and Rel-13 UEs using enhanced coverage mode aiming to provide response to CT1 LS [1], details in Annex A for reference.
CT1 asks RAN2 group to take the feedback above into account in the further work on Extended Coverage and provide information on expected radio interface delay per Coverage Class when Enhanced Coverage is applied.
In addition, it also addresses a few open aspects on the impact of certain RRC timers that were not discussed. 
2 Discussion

It is important that previous RAN2 agreements on the RAN2 timer impact discussion and agreements are taking into consideration when to providing our inputs to CT1 on the foreseen NAS timer impact. Those RAN2#92 agreements on the user plane related timer are added in Annex B for reference. In addition, RAN2 should also conclude on the impact of few L2 timers considering the conclusions captured in the email discussion report on [91bis#17][LTE MTC] Timers [2] that were not discussed or concluded during RAN2#92.
On other hand, before discussing the details, there are a general design aspects to be confirmed. CT1 LS [1], as shown in Annex A, indicates that the NAS timers might be impacted based on the coverage level or class used e.g." CT1 notes that further details on the expected radio interface delay added for individual NAS messages per Coverage Class are needed to decide the exact NAS timer values to apply for Extended Coverage ". During RAN2 eMTC discussions, it is the general understanding that for Rel-13 UEs supporting CE mode, the required level of repetition is mainly handled by the lower layers, excluding when the UE is in idle mode e.g. the UE selects the appropriate CE level for initial access, i.e. msg.1 and 3, based on its DL measurement and the PRACH configuration information broadcasted by the eNB. Therefore higher layers, i.e. L2/L3 may not have an accurate knowledge of the number of repetitions and/or associated CE mode used by the UE in a given time. In addition, it is important to also remember that different number of repetitions and corresponding transmission patterns, on time/frequency, could be configured for each physical channel (which is also handled in L1 and transparently to L2/L3).
Proposal 1. To inform to CT1 that the upper layers, i.e. L2/L3, may not have an accurate knowledge of the number of repetitions and/or associated CE mode being used by the UE at a given time.
The range of repetitions that a UE might require is quite large as RAN1 indicated in their LS [3] and it has also been captured [4]. For example, the following references show the maximum number of M-PDCCH repetitions and the maximum value to indicate the set of PDSCH repetition number for CE mode A and B:
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PDSCH-ConfigCommon-v13xy ::=
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r1536, r2048}



OPTIONAL
-- Need OR}

RAN2 has already proposed and agreed on the extension of the range for different RAN2 timers considering the worse case number of repetitions and leaves the exact value up to network to configure through dedicated or broadcast signaling; although as we discuss in next paragraph further consideration might be needed. The NAS specifications only set a single value for some of their timers, therefore considering the large range of repetitions that could be used, this might not be optimum, and certain level of granularity might be beneficial when extending the NAS timers. However considering the point explained in proposal 1 and that it is preferable avoiding the complexity of using NAS timers that can also change very dynamically, we suggest to only consider the following aspects for determine the value of the timers:
· eNB maximum coverage level supported: "only CE mode A" (i.e. for cells that only target to provide coverage to UEs in shallow CE levels), or "CE mode A and B" (i.e. for cells that only target to provide coverage to UEs in shallow and deep CE levels).
· UE CE mode capability supported: "only CE mode A" (i.e. UEs that only support up to shallow CE levels), or "CE mode A and B" (i.e. UEs that support up to deep CE levels).
Similar consideration could also be considered for RAN2 related timers, for both CP and UP ones. Therefore we suggest that different timers are used depending on whether the eNBs or UEs only support up to CE mode A or whether CE mode B is also supported, understanding that this would not be an information that changes over time but instead it is part of the UE capabilities and eNB configuration. It is also important that there might be cases in which the timers are not extended.
Table 1. Relation between UE/network CE mode A & B support and range of the applicable timers
	eNB support
	UE support
	Legacy timer range
	Extended timer range

	only CE mode A
	any
	X
	

	CE mode A & B
	only CE mode A
	X
	

	
	CE mode A & B
	
	X


Proposal 2. When "only CE mode A" is supported by UE or eNB, the value range of the applicable timers is the same as legacy one. This proposal is valid for any L2/L3 timer.

Proposal 3.  When "CE mode A and B" are supported by UE and eNB, the range of those timers, which are impacted by CE functionality, are always extended. This proposal is valid for any L2/L3 timer.
Proposal 4. Therefore to also inform to CT1 that NAS timers are extended differently based on the UE/eNB support of "only CE mode A" vs or "CE mode A and B", considering the following aspects and Table 1:
Proposal 4.1. eNB maximum coverage level supported: "only CE mode A" (i.e. for cells that only target to provide coverage to UEs in shallow CE levels), or "CE mode A and B" (i.e. for cells that only target to provide coverage to UEs in shallow and deep CE levels).
Proposal 4.2. UE CE mode capability supported: "only CE mode A" (i.e. UEs that only support up to shallow CE levels), or "CE mode A and B" (i.e. UEs that support up to deep CE levels).
In some way, this would require that a network, that supports both CE mode A and B, maintain two set of timers, one for UEs that only support CE mode A and another set for UEs that support both CE mode A and B. This would be applicable for any timer running in UE, RAN or CN node.
2.1 Open aspects on the impacts to RAN timers

The following conclusions on control plane related timers were not discussed during RAN2#92 [2]:
1) The following timers are not extended for Rel-13 LC/CE UEs: T310, T311, T320, T330, T340, and T350. (NOTE-1) No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. (NOTE-2) Configuration is done using the legacy mechanism.

2) T-Reselection is not extended for Rel-13 LC/CE UEs. (NOTE-1) (NOTE-2)
3) T301 and T321 are extended for Rel-13 LC/CE UEs. (NOTE-1)
3.1). For T301, configuration is done using the legacy mechanism.

3.2). For T321, discuss whether the extended value should be fixed in the specifications or configurable per CE level.

4) For T304 (NOTE-1)(NOTE-2).

· Discuss whether T304 should be extended for Rel-13 LC/CE UEs in enhanced coverage.

· If T304 is extended, the following value is added: {ms10000}, i.e. spare1=ms10000.
5) The extended value range for T300 is {ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000, ms10000}.

NOTE: the following discussion refers to conclusions and proposed options on the email discussion [91bis#17] [2].
We assume that the points 1), 2) and 5) could be easily agreed as they were captured based on the preference of majority of companies in [2]. In addition, for the point 5), the drafted eMTC CR already captures that a new T300 defined, as shown below, however the timer range has still to be updated based on this agreement.
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OPTIONAL
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]]
For 3.1) T301, majority of companies shared the view that this timer should be extended and same range as the one defined for T300 could also be reused. For 3.2) T321, majority of companies shared the view that this timer should be extended and the following options were described:

· Option a.1. The time needs to be extended when the SI of requested cell is acquired in CE mode. In current specification, the E-UTRA case takes 150 ms or 1 sec. assuming the max repetition of around 200 for max CE level, UE could fail to acquire it.
· Option a.2. The time is fixed in specification and depends on time for reading SIB1bis of the worst CE level.
· Option a.3. The maximum time for the UEs to acquire the information needed to set all fields of cellGlobalId for the requested cell. The timer can be set to 150 ms or 1 s for E-UTRA. We propose to extend these values with a scale of 4, i.e. 600 ms or 4 s.
Considering proposal 2, this value range is updated accordantly considering that there might be UE and eNB supporting only "CE mode A" or "CE mode A and B"; however it might be debatable whether this timer might be used by a UE in CE mode B. In addition, it should be considered RAN2 agreement that "SIB1bis does not change for N frames where N=512"; therefore this range could be extended accordantly.
For 4) T304, some companies shared the view that this timer should be extended and the following options were described, but there were other companies that did not think that this timer needs to be extended as HO would mainly be used by UEs in NC or CE mode A:
· Option b.1. The maximum value 2000ms may not be sufficient due to the repetitions during RACH procedure and the range value could be extended up to 2000ms or 8000ms. For for inter-RAT HO, the max value of 8000 ms seems sufficient.
· Option b.2. T304 covers the entire handover mechanism until the UE successfully completes it; therefore the range extension should also consider the random access procedure, therefore the value range could be increased up to 10s/40s.
Therefore we suggest to clarify that HO is not updated in order to guarantee that UEs operating in CE mode B would successfully complete HO or to increase the range.
Proposal 5. The timers T310, T311, T320, T330, T340, T350 and T-Reselection are the same for Rel-13 LC/CE UEs and legacy UEs (i.e. the range of values, the start/stop conditions, actions upon expiry of the timer and the configuration mechanism). 
Proposal 6. For Rel-13 LC/EC UEs, the range of T300 and T301 is changed to {ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000, ms10000}.

Proposal 7. For Rel-13 LC/EC UEs, the maximum range of T321 could be increased up to 5.12sec.
Proposal 8. For Rel-13 LC/EC UEs, to agree that handover mechanism might not work properly for UEs in CE mode B, or to increase the range of T304 e.g. up to 10sec.
2.2 Forseen impacts to NAS timers

As it is previously explained, some NAS timers are defined per UE or per network configuration, and other times it is defined as a fixed value in NAS specification. Therefore in addition to the proposals #1 and #2 above, RAN2 could indicate some guidance on the range extension to consider for the case when UE/network supported "only CE mode A" vs "CE mode A and B". The understanding is that if network CE support would be more restricted i.e. if the network only support CE mode A, whether the UE support only CE mode A and/B is not relevant. 
CE mode A is defined to identify the use case of shallow CE, e.g. to help UEs to compensate its coverage loss due to its single receive antenna. RAN2 also justified the need to extend the Rel-13 LC/EC SI window size to guarantee that the network could send the required number of repetitions of a given SI msg aiming to address UEs in shallow EC and those UEs could acquire the SI messages in with SI acquisition delays comparable to legacy UEs. In addition, RAN1 captured the following related agreements:

–
CE Mode A describes a set of behaviours for no repetitions and small number of repetitions

–
CE Mode B describes a set of behaviours for large number of repetitions

–
The CE mode is signalled to the UE 

–
For each physical channel, there may be some common numbers of repetitions which can be used in CE Mode A and CE Mode B
Therefore we could conclude that for a UE supporting CE mode A same NAS timer values as legacy and only for those also supporting CE mode B requires to extend them.
Proposal 9. To inform CT1 that legacy NAS timers are still applicable for UEs or networks supporting "only CE mode A". Therefore the NAS timers only need to be extended when the UE supports both "CE mode A and B" (and the network allows the usage of both).
Proposal 10. To inform to CT1 that RAN support of the network is more restricted than the one of the UE .e. if the network only support CE mode A, the key information is whether UE support CE mode (A or  A/B).
Proposal 11. To inform to CT1, for their reference, that RAN2 agreed to extend the maximum range of the following RAN2 timer that might have implication in the NAS ones:
Proposal 11.1. T300, T301 and T304 (dependent on proposal 6) is extended from a maximum of 2s to 10s.

Proposal 11.2. The ra-ResponseWindowSize is extended from a maximum of 10ms to 400ms.
Proposal 11.3. The mac-ContentionResolutionTimer is extended from a maximum of 64ms to 240ms.
Proposal 11.4. 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.
3 Conclusion

In this contribution, we discussed the remaining open aspects on RAN2 related timers and the suggested respond to CT1 on the foreseen impacts to NAS timers:
Proposal 1.
To inform to CT1 that the upper layers, i.e. L2/L3, may not have an accurate knowledge of the number of repetitions and/or associated CE mode being used by the UE in a given time.
Proposal 2.
When "only CE mode A" is supported by UE or eNB, the current range of timer values is still applicable and can be used. This proposal is valid for any L2/L3 timer.
Proposal 3.
When "CE mode A and B" are supported by UE and eNB, the range of those timers, which are impacted by CE functionality, are always extended. This proposal is valid for any L2/L3 timer.
Proposal 4.
Therefore to also inform to CT1 that NAS timers are extended differently based on the UE/eNB support of "only CE mode A" vs or "CE mode A and B", considering the following aspects and Table 1:
Proposal 4.1.
eNB maximum coverage level supported: "only CE mode A" (i.e. for cells that only target to provide coverage to UEs in shallow CE levels), or "CE mode A and B" (i.e. for cells that only target to provide coverage to UEs in shallow and deep CE levels).
Proposal 5.
The timers T310, T311, T320, T330, T340, T350 and T-Reselection are the same for Rel-13 LC/CE UEs and legacy UEs (i.e. the range of values, the start/stop conditions, actions upon expiry of the timer and the configuration mechanism).
Proposal 6.
For Rel-13 LC/EC UEs, the range of T300 and T301 is changed to {ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000, ms10000}.
Proposal 7.
For Rel-13 LC/EC UEs, the maximum range of T321 could be increased up to 5.12sec.
Proposal 8.
For Rel-13 LC/EC UEs, to agree that handover mechanism might not work properly for UEs in CE mode B, or to increase the range of T304 e.g. up to 10sec.
Proposal 9.
To inform CT1 that legacy NAS timers are still applicable for UEs or networks supporting "only CE mode A". Therefore the NAS timers only need to be extended when the UE supports both "CE mode A and B" (and the network allows the usage of both).
Proposal 10.
To inform to CT1 that RAN support of the network is more restricted than the one of the UE .e. if the network only support CE mode A, the key information is whether UE support CE mode (A or  A/B).
Proposal 11.
To inform to CT1, for their reference, that RAN2 agreed to extend the maximum range of the following RAN2 timer that might have implication in the NAS ones:
Proposal 11.1.
The T300, T301 and T304 (dependent on proposal 6) is extended from a maximum of 2s to 10s.
Proposal 11.2.
The ra-ResponseWindowSize is extended from a maximum of 10ms to 400ms.
Proposal 11.3.
The mac-ContentionResolutionTimer is extended from a maximum of 64ms to 240ms.
Proposal 11.4.
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.
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5 Annex A

Details of CT1 LS on the foreseen impacts to the NAS timers due to eMTC WI [1]
"CT1 thanks GERAN for the LS on Extending NAS timers to support EC-GSM operation (GPE150083/C1-153842) and wishes to inform GERAN and RAN2 of the progress in CT1 on the topic.

CT1 has discussed the possible impact on NAS timers resulting from the radio interface delays expected when a UE is in Extended Coverage. The discussions have been based on delay calculations in GSM. It is assumed that there can be  impacts also in LTE when Enhance Coverage is applied, but CT1 has no information on expected radio interface delays for this case so has therefore not been able to evaluate possible impact on NAS timers in LTE.

CT1 has concluded the following:

1. The radio interface delays in Extended coverage will impact all UL and DL NAS signalling;

2. The impact on NAS procedures if using the current NAS timers would differ depending on Coverage Class. For Coverage Class 1 there may be no impact at all whereas for Coverage Class 4 there can be a significant increase of NAS message retransmissions. As the retransmissions are not caused by lost messages but late messages, replies to the late messages will be sent resulting in complete procedure repetition up to five times for the worst cases when Coverage Class 4 is applied. Whether the number of retransmissions can increase to five and thereby result in procedure failure is still under discussion and more detailed analysis is needed before a conclusion on this can be made;

3. To adjust all applicable NAS timers for individual Coverage Classes would be a significant amount of work in CT1 and if the negative impact of using legacy NAS timers as described above needs to be avoided or limited, an alternative solution could be needed.

CT1 notes that further details on the expected radio interface delay added for individual NAS messages per Coverage Class are needed to decide the exact NAS timer values to apply for Extended Coverage."
6 Annex B

The RAN2 agreements on the impacts to RAN2 related timers captured in RAN2#91bis chair meeting notes:

· 1.
The following timers are not extended for Rel-13 LC/CE UEs: timeAlignmentTimer, T302, T303, T305, T306, and T325. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers.

· 2
mac-ContentionResolutionTimer, and T300  value ranges are extended for Rel-13 LC/CE UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. 

· 2a
mac-ContentionResolutionTimer dependent on CE level (TBD whether it is explicitly signalling for implicitly derived from other information.)

· 2b  T300 is provided per cell
The RAN2 agreements on the impacts to RAN2 related timers captured in RAN2#92 UP chair meeting notes:

· 9 ra-ResponseWindowSize is extended for Rel-13 LC/CE UEs in enhanced coverage. The configuration for ra-ResponseWindowSize is based on coverage level and broadcasted values.

· 10 The extended value range for ra-ResponseWindowSize is {sf20, sf50, sf80, sf120, sf180, sf240, sf320, sf400}

· 11 The UE should receive M-PDCCH and RAR during the RA response window, otherwise random access attempt fails.

· 12 Configuration for backoff parameter is done using the legacy mechanism, start and stop conditions, and actions that follow the timer expiry need not be updated.

· 13 backoff parameter is not extended for Rel-13 LC/CE UEs in enhanced coverage.

· 14 For DRX, the UE monitors M-PDCCH only during Active Time.

· 15 Configuration for onDuration is done using the legacy mechanism, start and stop conditions, and actions that follow the timer expiry need not be updated.

· 16 Extend onDuration for Rel-13 LC/CE UEs in enhanced coverage. The value range is {psf300, psf400, psf500, psf600, psf800, psf1000, psf1200, psf1600}.

· 17 drx-InactivityTimer is started after the last subframe of M-PDCCH repetition and configuration is done using the legacy mechanism.

· 18 drx-InactivityTimer is not extended for Rel-13 LC/CE UEs in enhanced coverage.

· 19 drx-RetransmissionTimer is extended for Rel-13 LC/CE UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· 20 The extended value range for drx-RetransmissionTimer is {psf40, psf64, psf80, psf96, psf112, psf128, psf160, psf320}.

· 21 HARQ RTT Timer related issue (start/stop condition, value extension) is FFS

· 23 The following timers are not extended for Rel-13 LC/CE UEs: sr-ProhibitTimer, logicalChannelSR-ProhibitTimer, periodicPHR-Timer, and prohibitPHR-Timer. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· 24 The SR counter is increased for each SR bundle. The sr-ProhibitTimer is started for each bundle. 

· 25 The following timers are not extended for Rel-13 LC/CE UEs: periodicBSR-Timer and retxBSR-Timer. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· 26 The following timers are extended for Rel-13 LC/CE UEs: T-PollRetransmit and T-Reordering. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· 27 The extended value range for T-PollRetransmit is {ms800, ms1000, ms2000, ms4000}.

· 28 The extended value range for T-Reordering is {ms1600}, i.e. spare1=1600ms.

· 29 T-StatusProhibit is extended for Rel-13 LC/CE UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· 30 The extended value range for T-StatusProhibit is {ms800, ms1000, ms1200, ms1600, ms2000, ms2400}.

· 31 discardTimer is not extended for Rel-13 LC/CE UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

32 The extended value range for mac-ContentionResolutionTimer is {sf80, sf100, sf120, sf160, sf200, sf240}.
