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1 Introduction

One of the objectives of the new work item on Further NB-IOT enhancements [1] is to introduce support for TDD operation. The exact objective is stated as follows:
	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 this contribution, we discuss the RRM requirements for TDD NB-IOT operation, and more specifically we look into whether the current requirements can be reused based on latest RAN1 agreements. We also discuss scope of the WI for TDD. 
2 Discussion
2.1 Background

Unlike FDD, the UL and DL operation takes place on the same carrier frequency in TDD and thus cannot take place simultaneously. Table 1 below shows the different TDD configurations which are currently supported in LTE, i.e. the split between the DL and UL subframes. 
Table 1 Uplink-downlink configurations
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number
	Number of subframes / frame

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	DL
	UL
	S

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	2
	6
	2

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	4
	4
	2

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	6
	2
	2

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	6
	3
	1

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	7
	2
	1

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	8
	1
	1

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	3
	5
	2


2.2 Discussions

Out of the configurations listed in Table 1, RAN1 has agreed to exclude TDD UL/DL configuration #0 in TDD NB-IOT in Release 15. Also TDD UL/DL configuration #6 is not going to be supported as per working assumption, see Chairman’s notes below [2]. 
	Agreements: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15


Synchronization signals are used in cell search procedures and in some measurements. RAN1 has decided that NSSS and NPSS will be transmitted as frequently as in earlier NB-IOT releases. For TDD NB-IOT, NPSS will be transmitted on SF#5 in every radio frame and NSSS will be transmitted on SF#0 in every even-number radio frame. This means the transmission periodicity and number of transmitted subframes for NPSS/NSSS is same as FDD, but only the transmitted subframes are different. The difference makes it possible for UE to identify the searching cell is FDD or TDD. Given these agreements, we do not see any impact on current cell search delay requirements and NSSS based measurement performance. 
Moreover, the system acquisition delay depends on MIB-NB acquisition delay as well as SIB acquisition delay. For MIB transmission, RAN1 has agreed that it will be transmitted in SF#9 and on the same NB-IOT carrier as NPSS/NSSS. It is notable that MIB was transmitted on SF#0 in earlier releases. This should not have any impact on the delay since it is still available at least once every radio frame as well as FDD. 
Likewise, SIB1-NB will be transmitted on SF#0 in odd radio frame which is the same as in earlier releases. It can be transmitted on both anchor and non-anchor carriers, the details of non-anchor carrier transmission will be discussed at next meeting. In addition, the periodicity of SIB1-NB is going to be the same as in FDD which is 2560 ms. Based on these agreements, we do not foresee any impact on current SIB/MIB reading RRM requirements.
	Agreements:

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)


Given the availability of synchronization signals, reference signals and MIB/SIB in line with earlier NB-IOT release, it is possible to reuse the existing RRM requirements for NB-IOT TDD. Moreover, the IDLE mode requirements are deployment mode agnostic and they shall also apply for TDD. Given that RAN1/2 are still discussing the physical design and SI related parameters, it is premature to reach any conclusion on potential RRM impact. 
· Proposal #1: It is premature to make any conclusion on the potential RRM since RAN1/RAN2 are still discussing the physical design and SI. 
Furthermore, the RRM scope of this work item was discussed at last meeting based on the contribution in [2]. According to revised WID [1], release 13 is used as baseline for developing the NB-IOT TDD support. In addition to the baseline, support for following objectives shall also developed [1]:
	· 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.


· Observation #1: Support for additional features which were introduced in release 14 NB-IOT shall be developed as part of NB-IOT TDD work. 
3 Conclusion
In this contribution, we have discussed the RRM requirements for NB-IOT based on the latest agreements in other working groups. It is observed the physical layer design of synchronization signal, reference signal and MIB/SIB transmissions of NB-IOT TDD are adopting the current design of NB-IOT. This makes it possible to reuse the current RRM core requirements. Based on the discussions, we have made the following observation and proposal:
· Proposal #1: It is premature to make any conclusion on the potential RRM since RAN1/RAN2 are still discussing the physical design and SI. 

· Observation #1: Support for additional features which were introduced in release 14 NB-IOT shall be developed as part of NB-IOT TDD work. 
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