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1 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 RAN/UE procedures such as paging, SIB scheduling and SIB acquisition. Most of the concepts of NB-IoT FDD can be re-used for TDD version, however, we need to gauge if additional impacts or update are needed to support NB-IoT TDD functionality.
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 [3].
																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



2 Description
NB-IoT has very limited resource (One PRB). Further, NB-IoT needs to have an extended coverage as compared to legacy cellular systems, such as, LTE. Generally, data repetition is employed to support coverage enhancement.  Thus, various RAN/UE procedures such as System Information (SI) Acquisition, broadcast of SI and scheduling of UE pages are customized for NB-IoT FDD.
2.1 Paging
Paging is used for network initiated connection setup. The core network (CN) uses paging to notify a UE in RRC_IDLE about incoming PS data. The RRC Paging message is transmitted in all cells in the Tracking Area (TA), where the UE is registered. UEs monitor PDCCH or MPDCCH in the case of BL/CE UEs or NPDCCH for NB-IoT UEs for paging group identity (P-RNTI). In case there is paging, the UE(s) will read the paging message that is included in the indicated PDSCH (NPDSCH) message.
NB-IoT FDD extends the DRX cycle so that the UE could sleep for up to approximately 3 hours in order to save UE battery. The UE must know on which HFN and on which time interval within the HFN, the Paging Time Window is placed. 
[bookmark: _GoBack]Similar to the case of LTE TDD and eMTC TDD, NB-IoT TDD can also follow the design principles for paging subframes pattern (to determine one or more paging frames and occasions to monitor) as detailed in [4] and provided in below table. Separate subframe patterns are provided for FDD and TDD, NB-IoT TDD should use the subframe pattern used by TDD.
In the below table, Ns indicates the number of paging occation(s) within a Paging Frame.
 TDD (all UL/DL configurations) [4]:
-	If P-RNTI is transmitted on PDCCH, or if P-RNTI is transmitted on MPDCCH with system bandwidth > 3MHz:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6



Observation 1	A NB-IoT TDD Paging Occasion can be calculated similar to LTE-TDD [4]. 
Proposal 1		Paging formulas and paging subframe patterns for LTE TDD are also used for NB- IoT TDD.
The above table will be valid for NPDCCH for NB-IoT TDD. That would imply PO will happen in subframe 0 as Ns will be 1 for NB-IoT TDD. Thus, it would be difficult to use Anchor Carrier for NB-IoT TDD paging as this will be always be occupied by NBPBCH.
Observation 2	Anchor PRB may not be used for NB-IoT TDD paging.
2.2 SI Acquisition and Broadcast
SI Acquisition duration reduction work is currently being carried out for NB-IoT FDD and LTE-MTC. The improvements could be applied for NB-IoT TDD.
As NB-IoT TDD UL/DL resource depends upon the configuration selected, it could be essential to have the possibility to schedule some of the SIBs also in non-anchor carier.
Proposal 2	Non-Anchor SIB scheduling possibility should be explored for NB-IoT TDD.

3 Conclusion
In section 2 we made the following observations and proposals 
Observation 1	A NB-IoT TDD Paging Occasion can be calculated similar to LTE-TDD [4].
Observation 2	Anchor PRB may not be used for NB-Iot TDD paging.
Proposal 1		Paging formulas and paging subframe pattern for LTE TDD are also used for NB-IoT TDD.            
Proposal 2	Non-Anchor SIB scheduling possibility should be explored for NB-IoT TDD.
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