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1. Introduction

According to the work item [1], TDD NB-IoT is to be supported in R15. In this contribution, we discuss and provide our view on TDD RRM requirement.
2. Discussion
The objective regarding TDD operation is duplicated here from the WID for information.
	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


According to this, it is straightforward that RRM requirements for TDD NB-IoT shall be specified. Thus RAN4 should first study whether current RRM requirements are also suitable/applicable for TDD operation. And then if delta requirements are identified necessary, it should be discussed and introduced specifically.

Proposal 1: RAN4 should study whether existing RRM requirements are also suitable/applicable for TDD operation.
Note that the baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios. That means features belong to Rel-14 NB-IoT are not needed to be considered. Therefore, we first summarize the RRM requirement for Rel-13 NB-IoT as follow:
	Categories
	Requirements

	Section 4
E-UTRAN RRC_IDLE state mobility
	Cell selection and reselection

	
	Paging interruption

	
	UE measurement capability

	Section 6
RRC Connection Mobility Control
	RRC re-establishment

	
	Random access

	
	RRC Connection Redirection to Non-anchor Carrier in NB-IoT

	Section 7
Timing and signalling characteristics
	UE transmit timing

	
	UE timer accuracy

	
	Timing advance

	
	Radio link monitoring

	Section 8
UE Measurements Procedures in RRC_CONNECTED State
	Intra-frequency measurement

	Section 9
Measurements performance requirements for UE
	Measurement accuracy

	
	PHR

	Section A.3
RRM test configurations
	NPDCCH RMC pattern

	
	NPDSCH RMC pattern

	
	NOCNG pattern

	Section A.4, A.6 and A.7
	RRM test cases

	Section B.1
Conditions for E-UTRAN RRC_IDLE state mobility
	Requirements side condition in RRC IDLE mode

	Section B.2
Conditions for UE Measurements Procedures in RRC_CONNECTED State
	Requirements side condition in RRC CONNECTED mode

	Section B.3
Conditions for measurements performance requirements for UE
	Side conditions for measurement performance


And then we discuss requirements in each section one by one to check whether new requirements are needed for TDD operation.
1) Section 4
E-UTRAN RRC_IDLE state mobility
Requirements in this section contain cell selection/reselection, paging interruption and UE measurement capability. In detail, cell selection requirement only captures general UE behaviour in cell selection phase, irrespective of UE operation mode. In cell reselection requirement, cell detection delay, measurement period and evaluation period in idle mode are specified, also irrespective of UE operation mode, unless big relaxation on latency is identified in TDD system. As for paging interruption, it is the time allowed for UE to drop paging when it is acquiring system information of neighbour cell when cell reselection occurs. Although it is unclear so far that whether the system information acquisition delay for TDD operation is comparable with HD-FDD operation, there is no need to update this part of requirements since only a general term TSI is used in core requirements. Corresponding SI reading delay is reflected in RRM test cases. 
The last requirement in this section is regarding UE measurement capability. Usually, UE can have different capability for different operation mode, similar with LTE requirement regarding capability in section 4.2.2.9.
Proposal 2: requirements for cell selection and paging interruption do not need to be updated to support TDD operation.

Proposal 3: requirements for cell reselection do not need to be updated, unless relaxation in latency is identified.
Proposal 4: requirements of UE measurement capability in RRC_IDLE mode need to be updated.

2) Section 6
RRC Connection Mobility Control
First for RRC re-establishment, requirement is mainly about the delay of re-establishment when RLF happens. The delay is consist of several parts:
TUE-re-establish_delay_NB-IoT = 100 ms + NNB-Iot-freq*Tsearch_NB1 + TSI_NB1 + TPRACH_NB-IoT
Similar with cell reselection above, Tsearch_NB1 does not need to be updated unless relaxation in latency is identified. As for TSI_NB1, also a general term is used in core requirements and exact delay is only defined in test case, there is no need to introduce new requirement. TPRACH_NB-IoT  is also generl.
Proposal 5: RRC re-establishment delay does not need to be updated for TDD operation, unless relaxation in latency is identified.

Secondly, for random access, requirements capture different UE behaviours in random access procedure, irrespective of UE operation mode. Thus no need to be updated.

Proposal 6: no new RRM requirements are needed to support random access in TDD system.
Last requirement is about RRC Connection Redirection to Non-anchor Carrier in NB-IoT, which contains:

Tconnection_redirect_non-anchor = TRRC_procedure_delay + Tperiod_DL_bitmap + TUL_grant + TDL-UL switch + TNPUSCH
Actually most of these parameters are decided in RRM section, it is unclear now whether there are different designs in TDD system. RAN4 should wait until the design become more stable.
Proposal 7: it is FFS whether Tconnection_redirect_non-anchor delay is different in TDD system.

3) Section 7
Timing and signalling characteristics
Requirements of UE transmit timing, timer accuracy, timing advance and RLM are all irrespective of UE operation mode. They do not need to be updated to support TDD operation.
Proposal 8: requirements of UE transmit timing, timer accuracy, timing advance and RLM do not need to be updated to support TDD operation.
4) Section 8
UE Measurements Procedures in RRC_CONNECTED State
5) Section 9
Measurements performance requirements for UE
Requirements in these two sections captured measurement period and accuracy in RRC CONNECTED mode, which highly depend on side condition. As mentioned in the WID, MCL relaxation is to be considered in TDD system. That means the side condition in TDD system is probably better than that of FDD system. Thus corresponding measurement requirements may need to be revisited. 
Proposal 9: measurement period and accuracy may need to be revisited for TDD if MCL for TDD turns out to be relaxed.
6) Section A.x and B.x
RRM test configuration, test cases and requirement side condition are specified different for FDD and TDD. Thus new requirements shall be define.
Proposal 10: new requirements on test configuration, test cases and requirements side conditions shall be defined specifically for TDD.
3. Conclusions
In this contribution we provide our view on TDD RRM requirement for NB-IoT in Rel-15. After discussion the following conclusions are made:
Proposal 1: RAN4 should study whether existing RRM requirements are also suitable/applicable for TDD operation.
Proposal 2: requirements for cell selection and paging interruption do not need to be updated to support TDD operation.
Proposal 3: requirements for cell reselection do not need to be updated, unless relaxation in latency is identified.
Proposal 4: requirements of UE measurement capability in RRC_IDLE mode need to be updated.
Proposal 5: RRC re-establishment delay does not need to be updated for TDD operation, unless relaxation in latency is identified.
Proposal 6: no new RRM requirements are needed to support random access in TDD system.
Proposal 7: it is FFS whether Tconnection_redirect_non-anchor delay is different in TDD system.
Proposal 8: requirements of UE transmit timing, timer accuracy, timing advance and RLM do not need to be updated to support TDD operation.
Proposal 9: measurement period and accuracy may need to be revisited for TDD if MCL for TDD turns out to be relaxed.
Proposal 10: new requirements on test configuration, test cases and requirements side conditions shall be defined specifically for TDD.
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