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Introduction
The first releases (Rel-13 and Rel-14) of NB-IoT were only supported with FDD. As part of Rel-15 further NB-IoT enhancements [1], it has been decided to provide support for NB-IoT TDD. 
In this paper, we study the impacts of TDD on one important functionality namely NPRACH. Most concepts of FDD NB-IoT can probably be re-used for TDD, however, it is of course necessary to ensure that no additional updates are needed for fully functioning TDD NB-IoT.
[bookmark: _Ref178064866]Discussion
The radio resource, i.e. bandwidth (One PRB), of NB-IoT is significantly reduced compared to other current RATs. This to ensure an efficient system with very low power consumption and good coverage. Further, by selecting such limited bandwidth it is possible to reuse spectrum previously used by GSM. Generally, repetitions are used to provide coverage enhancements. All necessary functionality (primarily from LTE) has been adapted to work for NB-IoT. 
Some background
There is a fundamental difference between TDD and FDD, as the name implies. In FDD communication of UL and DL are separated on different frequencies. However, in TDD mode, uplink and downlink resources are allocated within the same frame but resources are split in time, see available LTE configurations in Table 1 [2].
[bookmark: _Ref486276087]Table 1 Available TDD configurations for LTE
	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



NB-IoT is developed to operate almost as FDD or TDD, namely with half-duplex. Similar to TDD UL and DL traffic cannot be transmitted at the same time.
NPRACH
The physical layer random access preambles are used by NB-IoT UEs camping on a given cell to let the base station know that the UE intends to get access.
Overall (FDD) NPRACH characteristics [4]:
· A preamble consists of four symbol groups transmitted next to each other using a different subcarrier per symbol group.
· Each symbol group has a Cyclic Prefix (CP) followed by 5 symbols, the CP has different duration depending on the preamble format.
· Both deterministic hopping tone pattern and pseudo-random hopping can be used.
· The NPRACH tone spacing is 3.75 KHz. 
· A NPRACH preamble repetition unit is 5.6 ms or 6.4 ms depending on the CP.
· The number of repetitions can be 1, 2, 4, 8, 16, 32, 64, or 128.
The design adopted for pre-amble repetitions in FDD NB-IoT presents a challenge when adapting NPRACH for TDD NB-IoT. In principle, there is no TDD configuration that in terms of contiguous subframes in UL can host the NPRACH preamble repetition designed for FDD NB-IoT (i.e., the preamble repetition unit of NPRACH goes beyond 5ms, it can be 5.6ms or 6.4ms depending on the CP), see example in Figure 1.
[image: ]
Figure 1 Schematic of pre-amble retransmissions

[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc486276235]The transmission of a single NPRACH of Rel.13 FDD NB-IoT in time domain, takes 5.6 ms (with 66.7 us CP) or 6.4 ms (with 266.7 us CP). The LTE legacy TDD configurations only count with uplink adjacent resources for having uninterrupted uplink transmissions lasting for 1 to 3 ms. For this reason, if the Rel.13 NPRACH design is directly used for TDD, a single NPRACH transmission needs to be divided into several discontinuous uplink transmissions.
[bookmark: _Toc486276236]There is no TDD configuration that in terms of contiguous subframes in UL can host the NPRACH preamble repetition designed for FDD NB-IoT

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc486276241]Wait for input from RAN1 on how to handle NPRACH transmissions in TDD.
RA-RNTI
The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the MAC entity to transmit the Random Access preamble [3].
For NB-IoT FDD UEs, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as [3]:
	
where SFN_id is the index of the first radio frame of the specified PRACH and carrier_id is the index of the UL carrier associated with the specified PRACH. The carrier_id of the anchor carrier is 0.
For NB-IoT TDD, the above RA-RNTI computation may not function properly. The computation uses SFN which wraps at 10.24 sec. For NB-IoT users, which are located at extended coverage need large number of repetitions and for NB-IoT TDD with certain configurations where UL resource is very limited, the SFN wrap around could cause problems. UEs RA-RNTI values could be identical because of this.
[bookmark: _GoBack]Similarly, the current NB-IoT FDD RA-RNTI provides only 256 unique values per carrier, which may not be sufficient for NB-IoT TDD as many RA-RNTI values could be in use (occupied) because of long delays (repetitions and limited UL subframes availability).
In such scenario, new RA-RNTI computation for NB-IoT TDD could be desirable.
RAN2 to investigate suitability of NB-IoT FDD RA-RNTI calculation for NB-IoT TDD and suggest new alternatives.

Conclusion
In section 2 we made the following observations:
Observation 1	The transmission of a single NPRACH of Rel.13 FDD NB-IoT in time domain, takes 5.6 ms (with 66.7 us CP) or 6.4 ms (with 266.7 us CP). The LTE legacy TDD configurations only count with uplink adjacent resources for having uninterrupted uplink transmissions lasting for 1 to 3 ms. For this reason, if the Rel.13 NPRACH design is directly used for TDD, a single NPRACH transmission needs to be divided into several discontinuous uplink transmissions.
Observation 2	There is no TDD configuration that in terms of contiguous subframes in UL can host the NPRACH preamble repetition designed for FDD NB-IoT

Based on the discussion in section 2 we propose the following:
Proposal 1	Wait for input from RAN1 on how to handle NPRACH transmissions in TDD.

Proposal 2	RAN2 to investigate suitability of NB-IoT FDD RA-RNTI calculation for NB-IoT TDD and suggest new alternatives.
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