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1 Introduction

This contribution discusses the usage of the extended timers with regards to the UE complexity for Rel-13 Low Complexity MTC UEs and Rel-13 coverage enhancement UEs considering that not all UEs operate in CE mode.
2 Discussion

RAN2 agreed on the CP and UP timers that have to extend or change their range, summary shown in the Annex B Table 1 [1]
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[2]. We suggest RAN to re-evaluate whether all eMTC UEs, i.e. Bandwidth reduced Low Complexity (BL) UEs or UEs in Coverage Enhancement (CE), should always use this extended range. The motivation is that not all eMTC UEs might require and benefit of using the extended values. RAN1 defined that the maximum number of repetitions for CE mode A is 32, as explained in [3], therefore the range of legacy timer looks feasible and avoids unnecessary delays to trigger the expiry of the timers and that might lead into degradation of UE performance, such as, increasing power consumption. The Annex B Table 2 shows approximated calculations assuming different values within the potential range that the eNB might configure to the UEs in CE mode A for the random access procedure – it is important to highlight that the maximum range is pessimistic and might not be the configuration target for UEs in CE mode A. It can be observed that the UEs in CE mode A would successfully complete the procedure within legacy range of T300 value without having to be configure with values on the extended range. Our previous contribution [4] provides further considerations on this differentiation of UEs that "only support CE mode A" vs.  "support CE mode A and B". In summary, our proposal is that at least for UEs that only support CE mode A, it would be more suitable if the range of legacy timers is used. If the new values are added within legacy list, this legacy values could also be configured by the network to those UEs in CE mode A. However, when new timers are defined, further consideration is needed, as discussed in next paragraph.
Proposal 1. At least for UEs supporting "only CE mode A", the preferable value range of the applicable timers is the same as legacy ones. 

In Table 1, we have marked in green those timers where the range is extended but the value is considered differently per UE or per CE level; in our view, these timers can be set appropriately based on the CE level of the UE e.g. UEs in CE mode A, timers can be set within legacy range. On contrast, we have marked in yellow those timers that are cell specific and might require further discussion. For these timers, there would be substantial benefit that UEs using NC or CE mode A, which corresponds to those UEs that uses CE level 1 and 2 during RACH, could still use legacy range, with a maximum of 2s, instead of the extended range, with a maximum of 10s. This time difference of 8s could be a critical time for devices using CE mode A e.g. when those devices have same delay requirements as legacy LTE UEs and they are located under good cell conditions (i.e. without using any or low number of repetitions). In this regard, further approximate calculations are also provided in the Annex B Table 2 for reference. 

Both timers, T300 and T301, are sent in a SIB with the legacy timers (as they are all defined within the UE-TimersAndConstants IE as a SEQUENCE of the different timers); therefore those UEs sending msg.3 from a successful RACH using CE level 1 or 2 could easily use the value of legacy timers instead of the extended values. IF there were concerns that UEs supporting both CE mode A and B might change CE levels from A to B within the RACH procedure, at least the following proposal can be agreed for UEs only supporting CE mode A as per previous proposal. Suggested TP is also shown in Annex A.
Proposal 2. Rel-13 UEs supporting only CE mode A, when getting into msg.3 using CE mode A (i.e. CE level 1 or 2 for RACH), should use the value defined for t300 IE and t301 IE (i.e. only the eMTC UEs using CE mode B for RACH, would use the value from the t300-v13xy and t301-v13xy IE). 
Proposal 3. To discuss if the proposal 2 could also be considered for Rel-13 UEs supporting CE mode A and B when using CE mode A (e.g. CE level 1 or 2 in RACH or when the dedicated radio configuration is associated to CE mode A). 

Proposal 4. If proposal 2 and/or 3 are agreed, to discuss and agree on the corresponding TP to TS 36.331 based on the exemplary one shown in Annex A. 

RAN2 indicated to CT1 in the LS [5] to take into consideration that the maximum range of the following timers have been extended considering the worst case enhanced coverage level. 
The T300, T301 and T304 is extended from a max. of 2s to 10s.

In RLC, the T-PollRetransmit is extended from a max. of 500ms to 4sec; the T-Reordering is extended from a max. of 200ms to 1.6sec; and, the t-StatusProhibit is extended from a max. of 500ms to 2.4sec.

However, considering previous proposal 1-3, we suggest to also indicate to CT1 that the eNB could use the CE mode supported the UE and potentially, even indicate the changes of CE modes while the UE is connected if this is foreseen helpful. If CT1 were to agree that it could be good for the NAS to know when the UE is reconfigured from CE mode A to B and vice-verse, this could be done re-using the CE mode indicated by the ce-Mode field defined as part of  PhysicalConfigDedicated., as well as the CE level used during radom access procedure.
Proposal 5. To inform to CT1 that NAS layer could take into consideration the CE mode used by the UE to adjust NAS procedures e.g. to determine whether to use timers in legacy or extended range.

Proposal 5.1. NAS may consider using legacy range of the timers when a UE only supports CE mode A, and extended range of the timers when a UEs supports both CE mode A and B (e.g. UE capabilities). 

Proposal 5.2. For UEs supporting CE mode A and B, RAN2 asks CT1 if it is helpful, for the selection of NAS timer ranges to get information of the CE mode (A or B) used by a UE when (1) getting connected and/or (2) whenever the eNB reconfigures the UE to a different CE mode.
3 Conclusion

This contributions analyses the range of eMTC timers and proposes the following:
Proposal 1.
At least for UEs supporting "only CE mode A", the preferable value range of the applicable timers is the same as legacy ones.
Proposal 2.
Rel-13 UEs supporting only CE mode A, when getting into msg.3 using CE mode A (i.e. CE level 1 or 2 for RACH), should use the value defined for t300 IE and t301 IE (i.e. only the eMTC UEs using CE mode B for RACH, would use the value from the t300-v13xy and t301-v13xy IE).
Proposal 3.
To discuss if the proposal 2 could also be considered for Rel-13 UEs supporting CE mode A and B when using CE mode A (e.g. CE level 1 or 2 in RACH or when the dedicated radio configuration is associated to CE mode A).
Proposal 4.
If proposal 2 and/or 3 are agreed, to discuss and agree on the corresponding TP to TS 36.331 based on the exemplary one shown in Annex A.
Proposal 5.
To inform to CT1 that NAS layer could take into consideration the CE mode used by the UE to adjust NAS procedures e.g. to determine whether to use timers in legacy or extended range.
Proposal 5.1.
NAS may consider using legacy range of the timers when a UE only supports CE mode A, and extended range of the timers when a UEs supports both CE mode A and B (e.g. UE capabilities).
Proposal 5.2.
For UEs supporting CE mode A and B, RAN2 asks CT1 if it is helpful, for the selection of NAS timer ranges to get information of the CE mode (A or B) used by a UE when (1) getting connected and/or (2) whenever the eNB reconfigures the UE to a different CE mode.
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5 Annex A
*************** START CHANGE *****************
UE-TimersAndConstants

The IE UE-TimersAndConstants contains timers and constants used by the UE in either RRC_CONNECTED or RRC_IDLE.
UE-TimersAndConstants information element

-- ASN1START

UE-TimersAndConstants ::=


SEQUENCE {


t300







ENUMERATED {












ms100, ms200, ms300, ms400, ms600, ms1000, ms1500,












ms2000},


t301







ENUMERATED {












ms100, ms200, ms300, ms400, ms600, ms1000, ms1500,












ms2000},


t310







ENUMERATED {












ms0, ms50, ms100, ms200, ms500, ms1000, ms2000},


n310







ENUMERATED {












n1, n2, n3, n4, n6, n8, n10, n20},


t311







ENUMERATED {












ms1000, ms3000, ms5000, ms10000, ms15000,












ms20000, ms30000},


n311







ENUMERATED {












n1, n2, n3, n4, n5, n6, n8, n10},


...,


[[
t300-v13xy





ENUMERATED {










ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000,










ms10000}

OPTIONAL,
-- Need OR


t301-v13xy





ENUMERATED {










ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000,











ms10000}

OPTIONAL
-- Need OR

]]
}

-- ASN1STOP

	UE-TimersAndConstants field descriptions

	n3xy

Constants are described in section 7.4. n1 corresponds with 1, n2 corresponds with 2 and so on.

	t3xy

Timers are described in section 7.3. Value ms0 corresponds with 0 ms, ms50 corresponds with 50 ms and so on. EUTRAN includes an extended value t3xy-v13xy only in the Bandwidth Reduced (BR) version of the SIB and shall only be used by UEs in Coverage Enhancement (CE) using CE mode B i.e. random access succeed using CE level 3 and 4.


*************** END CHANGE *****************
6 Annex B
A summary of the agreed eMTC changes to the legacy range of the different CP/UP timer is shown below:
Table 1. Summary of the agreed eMTC related changes to the different CP and UP timer [1]
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[2]
	Timer
	Legacy
	eMTC
	Short description

	T300
	100ms to 2s

[NOTE 1]
	2.5s to 10s

[NOTE 1]
	From RRC conn. request until its setup/reject or re-selection or conn. failed indication by upper layers

	T301
	100ms to 2s

[NOTE 1]
	2.5s to 10s

[NOTE 1]
	From RRC conn. re-establ. request until its response or reject

	T304
	50ms to 2s
	50ms to 10s
	From RRC conn. reconfig. w/ mobility control info until HO complete

	mac-Contention ResolutionTimer
	8ms to 64ms
	80ms to 960ms 

[NOTE 2]
	Time to monitor the PDCCH after Msg3 is transmitted

	ra-Response WindowSize
	2ms to 10ms
	20ms to 400ms 

[NOTE 2]
	

	T302
	1s to 30min
	Same as legacy
	Wait time provided in reject

	backoff
	0ms to 960ms
	Same as legacy
	Time to delay a re-try of a failed RA attempt (if BI included in RAR)

	time-Alignment Timer
	500ms to 10.24s, infinity
	Same as legacy
	Time that Scell belonging to a TAG is UL time aligned

	T303, T305, T306
	0.7s to ~11min
	Same as legacy
	Timers related to ACB

	T325
	5min to 30min
	Same as legacy
	Timer related to deprioritisation

	T310
	0ms to 2s

[NOTE 1]
	Same as legacy
	From lower layer out-of-sync indication (N310) until in-sync indication (N311), HO trigger or initiating of re-establ.

	T311
	1s to 30s

[NOTE 1]
	Same as legacy
	From initiating of re-establ. to selection of suitable cell/RAT

	T320
	5min to 180min
	Same as legacy
	Time before discarding the cell reselection priority information provided by dedicated signalling.

	T321
	150ms to 8s
	Range up to RAN4
	Timer related to measurement reporting procedure

	T330
	10min to 120min
	Same as legacy
	Timer related to logged measurement procedure

	T340
	0s to 600s
	Same as legacy
	Time related to UE assistance information procedure (PPI)

	T350
	5min to 180min
	Same as legacy
	Timer related to WLAN Offload

	T-Reselection
	0s to 7s
	Same as legacy
	Timer related to same priority cell reselection between EC cells.

	on Duration Timer
	1ms to 200ms
	300ms to 1.6s
	Timer related to connected DRX 

	drx Inactivity Timer
	
	Same as legacy
	Timer related to connected DRX

	drx Retransm. Timer
	
	40ms to 320ms
	Timer related to connected DRX

	drx UL retransm. Timer
	
	0ms to 320ms
	Timer related to connected DRX

	HARQ RTT Timer
	DL: k+4ms
	DL: N+7ms

UL: 4ms
	k: time between DL and associated HARQ feedback

N: used PUCCH repetition factor

	sr-ProhibitTimer
	0 to 7 SR periods
	Same as legacy
	Timer related to scheduling Request

	logicalChannelSR-ProhibitTimer
	20ms to 2.56s
	Same as legacy
	Timer related to scheduling Request

	PeriodicBSR-Timer
	5ms to 2.56s, infinity
	Same as legacy
	Timer related to BSR

	RetxBSR-Timer
	320ms to 10.24s
	Same as legacy
	Timer related to BSR

	periodicPHR-Timer
	10ms, 1s, infinity
	Same as legacy
	Timer related to PHR

	prohibitPHR-Timer
	0s to 1s
	Same as legacy
	Timer related to PHR

	T-PollRetransmit
	5ms to 500ms
	0s to 4s
	Timer related to RLC

	T-Reordering
	0s to 200ms
	0s to 1.6s
	Timer related to RLC

	T-StatusProhibit
	0s to 500ms
	0s to 2.4s
	Timer related to RLC

	discardTimer
	50ms to 1.5s, infinity
	Same as legacy
	Timer related to PDCP

	T307 and T313
	
	NA
	Timer related to dual connectivity


[NOTE 1] One value is provided per cell (as part of system information)

[NOTE 2] Different values within that range are defined per CE level

Exemplary calculations showing approximate times for a eMTC UE in CE mode A to do random access procedure:
Table 2. Approximate time calculation for T300/T301 discussion

	Description
	Low
	Med.
	High
	Field in 36.331
	Max.

	Number of PRACH repetitions per attempt for each CE level (#)  - CE mode A
	1
	8
	16
	 numRepetitionPer PreambleAttempt-r13
	128

	Number of preamble transmission attempts per CE level
	3
	5
	7
	maxNumPreamble AttemptCE-r13
	10

	UE tries on its CE level only (as UE RSRP is assumed accurate within CE mode A)
	1
	 
	

	Number of repetitions for M-PDCCH CSS for RAR, Msg3 and Msg4 - CE mode A 
	1
	22
	32
	mpdcch- NumRepetition-RA
	256

	Number of repetitions for PDSCH/PUSCH for RAR, Msg3 and Msg4 - CE mode A
	1
	22
	32
	 
	

	RAR window (ms) - CE mode A
	20
	80
	120
	 RA-Response WindowSize-v13xy
	400

	Contention resolution (ms) - CE mode A (*)
	80
	120
	180
	 MAC-Contention ResolutionTimer-r13
	960

	Retransmissions of RRC Connection Request (*)
	1
	3
	5
	 
	

	INCREMENTAL CALCULATIONS
	Low
	Med.
	High
	Comment

	PRACH repetition per CE level (assuming contiguous)
	1
	8
	16
	NOTE: the calculations are approximated and dos not account for all details e.g. gaps due cross subframe scheduling or non-contiguous-in-time allocation. or presence of invalid subframes, or HARQ, etc. 

 
 
 
 
 
 

 

	Adding RAR window 
	21
	88
	136
	

	Adding x PRACH/RAR attempts per CE level
	63
	440
	952
	

	Adding tries in the 2 levels defined within CE mode A
	126
	880
	1904
	

	Adding sending of RRC Conn Request (msg.3)
	127
	902
	1936
	

	Account for retransmissions of the RRC Connection Request using the max. Contention Resolution Timer and until reception of PDCCH and PDSCH of RRC Connection Setup (msg.4)  (*)
	128
	1284
	2868
	

	Account for retransmissions of the RRC Connection Setup using the max. Contention Resolution Timer (*)
	210
	1448
	3112
	

	More pessimistic scenario: Total time assuming retransmissions and contention resolution as per (*)
	147
	1008
	2160
	

	More optimistic scenario: Total time assuming one transmission per message
	65
	484
	1016
	


