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Introduction
NB-IoT FDD mode has been introduced in Rel-13. Further enhancements to support positioning, multi-cast, reduced latency and power consumption, and non-anchor carrier operation has been carried in Rel-14. As part of Rel-15 further NB-IoT enhancements [1], it has been decided to provide support for NB-IoT TDD mode. 
In this paper, we study the impacts on various timers. Some of the legacy LTE timers has been extended as part of LTE-MTC [2] and NB-IoT FDD work items. NB-IoT TDD can re-use the extension from those, however, we need to gauge as how different TDD configuration can impact the selection of timer values.
Description
LTE-MTC and NB-IoT needs to have an extended coverage as compared to legacy cellular system, such as, LTE. Generally, data repetition is employed to support coverage enhancement.  Thus, it is expected that the timers that govern the different UE and RAN procedures, such as, Random Access, DRX, HARQ procedures, etc., are prolonged as compared to legacy LTE system.
TDD Configuration
TDD mode fundamentally differs from FDD mode in the way UL and DL are transmitted. In FDD mode, dedicated uplink and downlink radio frames each on a separate carrier frequency are used. However, in TDD mode, uplink and downlink resources are allocated within the same radio frame sharing the same carrier frequency. Some of the sub-frames are allocated for uplink whereas some are allocated for downlink. In TDD mode different UL/DL configurations are provided as shown in Table 1 [7].
								Table 1
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


						
Depending upon the configuration selected, there can be a need for a further adjustment/elongation of the timers. For instance, if configuration #0 is selected, only two sub-frames on a radio frame exists for DL. Considering Network Synchronization Signal (NPSS, NSSS), Broadcast information (MIB, SIB), Dedicated Control Signalling and User data must be scheduled in DL, and considering if the UE is in extended coverage needing many repetitions, the two subframes may not be enough. There may be impacts on timers, such as, t300 which starts after sending RRC-Connection-Request and stops after receiving RRC-Connection-Setup. This timer may need to be prolonged as there could be scenarios where there is no DL resource to schedule the RRC-Connection-Setup.  
Similarly, if configuration #5 is selected; only one uplink sub-frame exists in one radio frame. UE in uplink needs resources for Random access, RRC procedures, and for sending user data etc. Thus, this could impact timers on the RAN side as RAN has to wait longer for the UE replies/responses.
Extending the timer value range, would imply UE may have to stay longer in connected state, which could lead to increased power consumption.
 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]Especially TDD Configuration #0 and #5 which count very limited resources for DL and UL respectively, will lead to further extension of timers range and cause UE battery to drain as UE would need to stay longer in connected mode, also latency will increase.

RRC Timers
The following RRC timers has been extended by NB-IOT FDD [4]
						Table 2: From 36.331 [4]
	Timer
	Start
	Stop
	At expiry

	T300


	Transmission of RRCConnectionRequest or RRCConnectionResumeRequest
	Reception of RRCConnectionSetup, RRCConnectionReject or RRCConnectionResume message, cell re-selection and upon abortion of connection establishment by upper layers
	Perform the actions as specified in 5.3.3.6

	T301


	Transmission of RRCConnectionReestabilshmentRequest
	Reception of RRCConnectionReestablishment or RRCConnectionReestablishmentReject message as well as when the selected cell becomes unsuitable
	Go to RRC_IDLE

	T310

	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure 

	T311

	[bookmark: OLE_LINK35][bookmark: OLE_LINK37]Upon initiating the RRC connection re-establishment procedure
	Selection of a suitable E-UTRA cell or a cell using another RAT.
	Enter RRC_IDLE




The below ASN.1 code shows the values for the RRC timers including the extended timer values.

UE-TimersAndConstants-NB information element
-- ASN1START

UE-TimersAndConstants-NB-r13 ::=	SEQUENCE {
	t300-r13							ENUMERATED {
											ms2500, ms4000, ms6000, ms10000,
											ms15000, ms25000, ms40000, ms60000},
	t301-r13							ENUMERATED {
											ms2500, ms4000, ms6000, ms10000,
											ms15000, ms25000, ms40000, ms60000},
	t310-r13							ENUMERATED {
											ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000},
	n310-r13							ENUMERATED {
											n1, n2, n3, n4, n6, n8, n10, n20},
	t311-r13							ENUMERATED {
											ms1000, ms3000, ms5000, ms10000, ms15000,
											ms20000, ms30000},
	n311-r13							ENUMERATED {
											n1, n2, n3, n4, n5, n6, n8, n10},
	...,
	[[ t311-v1350						ENUMERATED {
											ms40000, ms60000, ms90000, ms120000}
														OPTIONAL	-- Need OR
	]]
}

-- ASN1STOP

NB-IoT FDD has increased the timer range considerably compared to legacy LTE. It should satisfy the need even when the UE is located at coverage enhanced area. Considering t300, for NB-IoT FDD, a value of 60000ms, i.e., 1 minute is allowed.
NB-IoT TDD can re-use the RRC timer from NB-IoT TDD. Further extension will cause the UE to stay longer in connected state thus draining the UE battery and impacting latency.
RRC Timers already extended for NB-IoT FDD are long enough for TDD; Extending timers even more may result in deteriorated performance, e.g., higher power consumption and latency. 
       NB-IoT TDD to re-use the RRC timers that has been specified for NB-IoT FDD.


MAC Timers
DRX Timers
When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), drx-ULRetransmissionTimer (one per asynchronous UL HARQ process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle [3].
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle [3].

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) the UE stays in Active Time (before starting Short or Long DRX cycle) after the subframe in which a PDCCH indicates a new UL, DL or SL user data transmission for this MAC entity [3].

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received [3].
drx-Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 1) [3]. 


					Figure 1: DRX Cycle
drxStartOffset: Specifies the subframe where the DRX Cycle starts.
drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission is received.
NB-IoT FDD has extended the values of these timers from the legacy LTE to ensure the UE can efficiently use DRX even for UE at the edge of extended cell coverage requiring many number of repetitions.
DRX-Config-NB-r13 ::=				CHOICE {
	release								NULL,
	setup								SEQUENCE {
		onDurationTimer-r13					ENUMERATED {
												pp1, pp2, pp3, pp4, pp8, pp16, pp32, spare},
		drx-InactivityTimer-r13				ENUMERATED {
												pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32}, 
		drx-RetransmissionTimer-r13			ENUMERATED {
												pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,
												pp33, spare7, spare6, spare5, 
												spare4, spare3, spare2, spare1},
		drx-Cycle-r13						ENUMERATED {
												sf256, sf512, sf1024, sf1536, sf2048, sf3072, 
												sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, 
												spare4, spare3, spare2, spare1},
		drx-StartOffset-r13					INTEGER (0..255),
		drx-ULRetransmissionTimer-r13		ENUMERATED {
												pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,
												pp33, pp40, pp64, pp80, pp96,
												pp112, pp128, pp160, pp320}
	}
}


NB-IoT TDD can re-use the DRX timers that has been specified for NB-IoT FDD.
       NB-IoT TDD to re-use the DRX timers that has been specified for NB-IoT FDD.

HARQ RTT Timers
HARQ RTT Timer:
This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity.
From 36.321 Specification, currently the HARQ RTT Timer for NB-IoT FDD is defined as:
For NB-IoT FDD the HARQ RTT Timer is set to k+3+N+deltaPDCCH subframes, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval from the last subframe of the associated HARQ feedback transmission plus 3 subframes to the first subframe of the next PDCCH occasion.
NB-IoT TDD may re-use the above HARQ RTT timer. The first available DL subframe after k+3+N+deltaPDCCH can be re-used.


UL HARQ RTT Timer: 
This parameter specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity.
For NB-IoT FDD, the UL HARQ RTT timer length is set to 4+deltaPDCCH subframes, where deltaPDCCH is the interval from the last subframe of the PUSCH transmission plus 4 subframes to the first subframe of the next PDCCH occasion.
NB-IoT TDD may re-use the timer specified by NB-IoT FDD. The first available UL subframe after 4 + deltaPDCCH may be used in this case.

NB-IoT TDD may re-use HARQ RTT timer (UL/DL) defined for NB-IoT FDD.
       RAN2 should wait for input from RAN1 regarding the HARQ RTT timers for NB-IoT.
RLC Timers
The RLC timers are as below:
a) t-PollRetransmit
This timer is used by the transmitting side of an AM RLC entity in order to retransmit a poll (see sub clause 5.2.2 in [6]).
b) t-Reordering
This timer is used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer (see sub clauses 5.1.2.2 and 5.1.3.2 in [5]). If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per RLC entity is running at a given time.
c) t-StatusProhibit
This timer is used by the receiving side of an AM RLC entity in order to prohibit transmission of a STATUS PDU (see sub clause 5.2.3 in [6]).
These timers have already been extended as part of NB-IoT FDD and LTE-MTC work. NB-IoT TDD can also re-use the extended timers range especially for the UE at coverage enhanced levels.
[image: ]
[image: ]
[image: ]

[image: ]
NB-IoT can re-use RLC defined for NB-IoT FDD.
 
NB-IoT TDD to re-use the RLC defined for NB-IoT FDD.

PDCP Timers
The PDCP timer discardTimer  is discussed below.
discardTimer: In the transmitter, a new timer is started upon reception of an SDU from upper layer [7]. When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the UE shall discard the PDCP SDU along with the corresponding PDCP PDU. If the corresponding PDCP PDU has already been submitted to lower layers the discard is indicated to lower layers.
The intention of the timer is to control that the data does not queue up in the transmitter queue e.g. due to congestion or bad coverage.
As compared to legacy LTE, higher values of discardTimer has been used by NB-IoT FDD.

[image: ]

NB-IoT can re-use PDCP discardTimer defined for NB-IoT FDD.
 
NB-IoT TDD to re-use the PDCP discardTimer that has been specified for NB-IoT FDD mode.
Conclusion
In section 2 we made the following observations and proposals 

Observation 1	Especially TDD Configuration #0 and #5 which count very limited resources for DL and UL respectively, will lead to further extension of timers range and cause UE battery to drain as UE would need to stay longer in connected mode, also latency will increase.
Observation 2	RRC Timers already extended for NB FDD are long enough for TDD; Extending timers even more may result in deteriorated performance, e.g., higher power consumption and latency. 
Observation 3	NB-IoT TDD can re-use the DRX timers that has been specified for NB-IoT FDD.
Observation 4	NB-IoT may re-use HARQ RTT timer (UL/DL) defined for NB-IoT FDD.
Observation 5	NB-IoT can re-use RLC timers defined for NB-IoT FDD.
Observation 6	NB-IoT can re-use PDCP discardTimer defined for NB-IoT FDD.


1. NB-IoT TDD to re-use the RRC timers that has been specified for NB-IoT FDD.
NB-IoT TDD to re-use the DRX timers that has been specified for NB-IoT FDD mode.
RAN2 should wait for input from RAN1 regarding the HARQ RTT timers for NB-IoT.
NB-IoT TDD to re-use the RLC defined for NB-IoT FDD.
NB-IoT TDD to re-use the PDCP discardTimer that has been specified for NB-IoT FDD.
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image2.emf
T - PollRetransmit - NB - r 13 ::=   ENUMERATED {                     ms250,    ms500,   ms1000,   ms2000,   ms3000,   ms4000,                      ms6000, ms10000, ms15000, ms25000, ms40000, ms60000,                      ms90000, ms120000, ms180000 , spare1}  


image3.emf
RLC - Config - NB - v 1430   ::=   SEQUENCE {     t - Reordering - r14       T - Reordering     OPTIONAL     --   Cond twoHARQ   }  


image4.emf
T - Reordering ::=           ENUMERATED {                       ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35,                       ms40, ms45, ms5 0, ms55, ms60, ms65, ms70,                       ms75, ms80, ms85, ms90, ms95, ms100, ms110,                       ms120, ms130, ms140, ms150, ms160, ms170,                       ms180, ms190, ms200, ms1600 - v1310}  


image5.emf
T - StatusProhibit ::=         ENUMERATED {                       ms0, ms5, ms10, ms15, ms20, ms 25, ms30, ms35,                       ms40, ms45, ms50, ms55, ms60, ms65, ms70,                       ms75, ms80, ms85, ms90, ms95, ms100, ms105,                       ms110, ms115, ms120, ms125, ms130, ms135,                       ms140, ms145, ms150, ms155, ms160, ms165,                       ms170, ms175, ms180,   ms185, ms190, ms195,                       ms200, ms205, ms210, ms215, ms220, ms225,                       ms230, ms235, ms240, ms245, ms250, ms300,                       ms350, ms400, ms450, ms500, ms800 - v1310,                       ms1000 - v1310, ms1200 - v1310, ms1600 - v1310, ms2000 - v1310,  ms2400 - v1310,   spare2,                       spare1}  


image6.emf
PDCP - Config - NB - r13 ::=     SEQUENCE {     discardTimer - r13       ENUMERATED {                     ms5120, ms10240, ms20480, ms40960,                      ms81920, infinity, spare2, spare1                     }   OPTIONAL,       --   Cond Setup  


