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1 Introduction
A new work item on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1].

One objective of this WID is the support for TDD in NB-IoT:

Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

· In addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41

In the last RAN2#101, the following agreements for timer extension in TDD mode were made [2]:

	· R2 assumes that the following timers are not extended for NB-TDD UEs: T322 and T-Reselection-NB. 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.

· The Range of the following timers are extended for NB-TDD UEs: T300, T301 and T311. 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.

· It is FFS if it shall be possible to configure T311 up to approximately 3 times the current max value, or whether the max T311 is 200s. 

· It is FFS if it shall be possible to configure T300 up to approximately 3 times the current max value

· It is FFS if T310 needs to be extended. 

· R2 assumes that NB-FDD TimeAlignmentTimer range is used for NB-TDD. 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.

· R2 assumes that No extention is needed for Backoff Parameter, logicalChannelSR-ProhibitTimer, 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.

· It is FFS whether ra-ResponseWindowSize should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS whether max value of mac-ContentionResolutionTimer should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS if T-PollRetransmit timer is extended for NB-TDD 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.

· R2 Assumes T-Reordering is not extended for NB-TDD 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.

· It is FFS whether discardTimer value range should be updated.


In this contribution, based on above RAN2 agreements in the last meeting, we focus on the FFSes for RAN2 timers for TDD mode in NB-IoT.

2 Discussion
In the last RAN2#101 meeting, regarding the extension of RAN2 timers in TDD mode, there were following conclusions:
	RRC
	Timers
	Extend or not
	Value range if extend

	
	T300
	Yes
	FFS: 3*60s=180s

	
	T301
	Yes
	FFS

	
	T310
	FFS
	

	
	T311
	Yes
	FFS: 3*120s=360s or 200s

	
	T322
	No
	-

	
	T-Reselection
	No
	-

	PDCP
	discardTimer
	FFS
	-

	RLC
	T-PollRetransmit
	FFS
	-

	
	T-Reordering
	No
	-

	MAC
	DataInactivityTimer
	No conclusion
	-

	
	TimeAlignmentTimer
	No
	-

	
	ra-ResponseWindowSize
	FFS
	-

	
	mac-ContentionResolutionTimer
	FFS
	-

	
	Backoff Parameter
	No
	-

	
	onDurationTimer
	No conclusion
	-

	
	drx-InactivityTimer
	No conclusion
	-

	
	drx-RetransmissionTimer
	No conclusion
	-

	
	drx-ULRetransmissionTimer
	No conclusion
	-

	
	HARQ RTT Timer
	No conclusion
	-

	
	logicalChannelSR-ProhibitTimer
	No
	-

	
	periodicBSR-Timer
	No
	-

	
	retxBSR-Timer
	No
	-


All FFSes highlighted above about RAN2 timers in TDD mode need to be addressed.
2.1 RRC timers
· T300 and T301
RAN2 has agreed to extend T300 and T301 for TDD mode, but the extended value ranges are still FFS. These two timers are used to avoid too many random access re-attempts when the network is overloaded or the wireless environment is extremely bad. Too large values may cause the UE keep trying to initiate random access procedure, which impacts the UE’s battery life. Considering this, it is proposed to extend these two timers to 120s (twice the current maximum value in FDD mode).

Since in good coverage case, the transmission duration of TDD mode is similar to FDD mode, we think the current values in FDD mode should be kept also for TDD mode. The suggested value range is {ms2500, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, ms80000, ms100000, ms120000}.
Proposal 1: T300 and T301 are extended to 120s for TDD mode.
· T310
T310 is used to detect physical layer problems. This timer is stopped upon receiving N311 consecutive “in-sync” indications from physical layer. When it expires, the UE initiates the RRC re-establishment procedure or go to IDLE. Since the time for physical layer to generate “in-sync” indication is not directly related to the transmission duration, we think the extension for this timer is not needed.
Proposal 2: Reuse the existing value range of T310 for TDD mode.

· T311
RAN2 has agreed to extend T311 for TDD mode, but the extended value range is still FFS. This timer should cover the time for random access attempts and system information acquisition (MIB-NB, SIB1-NB, SIB1-NB and SIB22-NB) in the new cell. Considering that the system information acquisition time for MIB-NB and SIB1-NB in TDD mode and FDD mode are the same, we propose to extend T311 from 120s to 200s (additional 60s for random access procedure as proposed for T300 and T301 and additional 20s for SIB2-NB and SIB22-NB acquisition). We also think some small values in FDD mode should be kept for TDD mode for good coverage cases. The suggested value range is {ms1000, ms3000, ms5000, ms10000, ms15000, ms20000, ms30000, ms40000, ms60000, ms90000, ms120000, ms160000, ms200000}.
Proposal 3: T311 is extended to 200s for TDD mode.

2.2 PDCP timers
· discardTimer
This timer is used to avoid long buffering. When one PDCP SDU reception is confirmed by the receiver or the timer expires, the transmitter will discard this PDCP SDU.
Although this timer is related to the transmission duration, in our understanding, typically this timer is used for real time services with data validity time.  Considering that the major traffic model of NB-IoT is small data transmission and the value range has been extended to 81920ms for NB-IoT FDD mode (infinity value is allowed also), we think there is no need to further extend it for TDD mode.
Proposal 4: Reuse the existing value range of discardTimer for TDD mode.
2.3 RLC timers
· T-PollRetransmit
T-PollRetransmit is used to control the retransmission of a poll. Thus its value should be decided taking into account the number of HARQ attempts and scheduling delays. Considering the transmission duration in TDD mode may be larger than in FDD mode, the value range extension may be needed.

The suggested value range is {ms250, ms500, ms1000,
ms2000, ms3000, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, ms90000, ms120000, ms180000, 300000ms}
Proposal 5: Extend T-PollRetransmit to 300s for TDD mode.
2.4 MAC timers
· DataInactivityTimer
The DataInactivityTimer was introduced in Rel-14 to allow the UE to release RRC connection autonomously. This timer is started or restarted upon receiving or transmitting a MAC SDU. If it expires, the UE will release the RRC connection with release cause ‘RRC connection failure’. Since it is started or restarted after each MAC SDU reception or transmission, this timer is not directly related to the transmission duration. Thus, we do not see a need to extend this timer.
Proposal 6: Reuse the existing value range of DataInactivityTimer for TDD mode.
· ra-ResponseWindowSize and mac-ContentionResolutionTimer

It has been agreed that, from Rel-14, the UE only needs to monitor NPDCCH within the RAR reception window and when mac-ContentionResolutionTimer is running. RAN1 has agreed that configuration 0 is not supported and assumed that configuration 6 is not supported also. In this case, configuration 1 is the configuration with the least downlink subframes (subframes #0, #4, #5 and #9).
For the anchor carrier, within the downlink subframes:

· Subframe #0 in every even-numbered radio frame is used for NSSS.

· Subframe #5 in every radio frame is used for NPSS.

· Subframe #9 in every radio frame is used for NPBCH.

Even if SIB1-NB is transmitted on a non-anchor carrier, in one radio frame on the anchor carrier, only 1.5 subframes in one radio frame can be used for downlink transmission in the configuration 1. In this case, 2048 NPDCCH repetitions will take about 13.6s for transmission in the configuration 1, which is larger than the maximum RAR window size of 10.24s in FDD mode. Thus, the FDD ra-ResponseWindowSize and mac-ContentionResolutionTimer need to be extended to at least 20.48s for TDD mode to support the configuration 1 for the extreme coverage case on the anchor carrier.
Proposal 7: ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended to 20.48s for TDD mode.
· DRX timers

The basic unit of onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and drx-ULRetransmissionTimer is NPDCCH period (G*Rmax). If the concept of NPDCCH period can be used for TDD mode also, there is no need to extend above DRX timers.
For HARQ RTT Timer extension, it depends on RAN1 design about the timing relationship for TDD mode.
Proposal 8: If the concept of NPDCCH period is used and physical layer timing relationship is not changed for TDD mode, DRX timers are not extended for TDD mode.
3 Conclusion

This paper focus on the RAN2 FFSes about timer extion due to support of TDD in NB-IoT. The corresponding proposals are listed below. 
Proposal 1: T300 and T301 are extended to 120s for TDD mode.
Proposal 2: Reuse the value range of T310 in FDD mode for TDD mode.

Proposal 3: T311 is extended to 200s for TDD mode.

Proposal 4: Reuse the value range of discardTimer in FDD mode for TDD mode.
Proposal 5: Extend T-PollRetransmit to 300s for TDD mode.
Proposal 6: Reuse the value range of DataInactivityTimer in FDD mode for TDD mode.
Proposal 7: ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended to 20.48s for TDD mode.
Proposal 8: If the concept of NPDCCH period is used and physical layer timing relationship is not changed for TDD mode, DRX timers are not extended for TDD mode.
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