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1 Introduction
In RAN #76 meeting, revised WID RP-171428 on Further NB-IoT enhancements was adopted [1]. One of the objectives is to support for TDD.
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 this contribution, we discuss the uplink aspects to support NB-IoT TDD.
2 Considerations on TDD NPRACH design
According the objective of Rel-15 NB-IoT enhancement, supporting random access feature same as Rel-13 NPRACH is the baseline for Rel-15 TDD NPRACH design. Considering that Rel-13 single tone NPRACH is very sensitive to co-channel interference, inter-cell interference has significant impacts on NPRACH detection. NPRACH reliability enhancement can reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH. In addition, for TDD NB-IoT, NPRACH structure and resource design for NPRACH reliability enhancement may be different from the design to meet Rel-13 NB-IoT requirements. To avoid configuring two sets of NPRACH resources for different design targets in the future release, it is preferable that Rel-15 TDD NB-IoT includes NRPACH reliability enhancement feature and TDD NPRACH design is based on Rel-15 design target. 
Proposal 1: For TDD NB-IoT, NRPACH design is based on Rel-15 NB-IoT design target.
· NPRACH reliability enhancement feature should be considered.
For TDD NB-IoT in in-band operation mode, NPRACH preamble format should be aligned with LTE uplink-downlink configurations. Furthermore, to reduce the UE complexity, common NPRACH preamble design is considered among all operation modes for TDD NB-IoT. If new uplink-downlink configuration is introduced for standalone operation mode, one more new preamble format can be considered.
Proposal 2: For TDD NB-IoT, NPRACH preamble design is common among all operation modes. 
· NPRACH preamble format should be aligned with LTE uplink-downlink configurations in in-band operation mode.
For in-band operation mode, UpPTS may be used for PRACH format 4 and SRS transmission in legacy TDD LTE. If special subframes can be occupied by NPRACH, it may cause collision of NPRACH and legacy SRS/PRACH format 4 and have negative impact on performance of legacy LTE. Furthermore, to simplify NPRACH design, it is proposed that UpPTS is not used for NPRACH.
Proposal 3: For TDD NB-IoT, UpPTS is not used for NPRACH.
Rel-13 NPRACH preamble is based on single-tone frequency-hopping symbol groups. A symbol group includes a cyclic prefix and a sequence of 5 identical symbols. NPRACH preamble consists of 4 symbol groups. Preamble length is 5.6 ms for short CP and 6.4 ms for normal CP. If Rel-15 TDD NB-IoT reuses the uplink-downlink configurations of legacy LTE, the maximum number of consecutive uplink subframe is 3. Since the maximum configurable length is 3 ms, Rel-15 TDD NB-IoT cannot directly reuse Rel-13 NPRACH structure.
Observation 1: If Rel-15 TDD NB-IoT reuses the uplink-downlink configurations of legacy LTE, Rel-15 TDD NB-IoT cannot directly reuse Rel-13 NPRACH structure. 
Shorter symbol group can be considered for Rel-15 TDD NPRACH. As shown in Figure 1, a shorter symbol group consists of a cyclic prefix and a sequence of 2 identical symbols. The length of the shorter symbol group is 600 us for short CP and 800 us for normal CP.
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Figure 1 Shorter symbol group structure

For in-band operation mode, when consecutive uplink subframe >= 2, as shown in Figure 2 with uplink-downlink configuration 1 as an example, 4 symbol groups can be divided into two parts: The first two symbol groups are transmitted in subframe #2 and #3 and the latter two symbol groups are transmitted in subframe #7 and #8.
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Figure 2 NPRACH preamble structure for TDD U/D configuration 1
when consecutive uplink subframe =1, taking uplink-downlink configuration 2 as an example, 4 symbol groups can be divided into four parts: The first symbol group is transmitted in subframe #2 of frame #1, the second symbol group is transmitted in subframe #7 of frame #1, the third symbol group is transmitted in subframe #2 of frame #2, and the forth symbol group is transmitted in subframe #7 of frame #2.
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Figure 3 NPRACH preamble structure for TDD U/D configuration 2
Proposal 4: For TDD NB-IoT, shorter symbol group can be considered for NPRACH structure.
· Further simulations are needed to evaluate the feasibility.
3 Impacts on NPUSCH

For in-band operation mode, UpPTS may be used for PRACH format 4 and SRS transmission in legacy TDD LTE. If special subframes can be occupied by NPUSCH, it may cause collision of NPUSCH and legacy SRS/PRACH format 4. Furthermore, considering that UpPTS only has 1-2 symbols with 15 kHz subcarrier spacing, the gain is very minor even it can be combined with other UL subframes. 
Proposal 5: For TDD NB-IoT, UpPTS is not used for NPUSCH transmission.
In FDD NB-IoT, NPUSCH resource mapping uses cyclic repetition which is based on subframe/NB-slot. Cyclic repetition can ensure the minimum transmission interval of the identical symbols, thus reduce the impacts on channel estimation. However, for TDD NB-IoT, the channel estimation may be inaccurate due to inconsecutive UL subframes. Further study is needed to evaluate the impacts on channel estimation.
Compared with FDD NB-IoT, longer transmission time would be expected. For example, transmission time of a RU is 32 ms for single tone with 3.75 kHz subcarrier spacing for FDD. For TDD uplink-downlink configuration 5, the transmission time of the same RU would be 320 ms. It may have impacts on orthogonality of DMRS. 
Proposal 6: Further study is needed on whether existing NPUSCH resource mapping and RS design in Rel-13 NB-IoT can be directly reused for TDD. 
In Rel-13 NB-IoT, only length of 2-ms NB-slot is defined for single tone with 3.75 kHz subcarrier spacing. For TDD NB-IoT, the number of consecutive UL subframes for different uplink-downlink configurations is not always even. Definition of 2-ms NB-slot cannot be aligned with all TDD configurations. For example, subframe #2, #3, and #4 are UL subframes for TDD uplink-downlink configuration 3 as shown in Table 1. If subframe #2 and #3 are used as an NB-slot, subframe #4 cannot be scheduled for NPUSCH transmission. Further study is needed on whether introducing new NB-slot definition for TDD NB-IoT. 

Table 1 uplink-downlink configuration
	Uplink-downlink 

configuration
	Frame number 0

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D


Observation 2: Definition of 2-ms NB-slot cannot be aligned with all TDD configurations. 
Proposal 7: Further study is needed on whether introducing new NB-slot definition for TDD NB-IoT.
4 Conclusions
In this contribution, we have discussed the uplink aspects to support NB-IoT TDD. We make the following observations and proposals:
Observation 1: If Rel-15 TDD NB-IoT reuses the uplink-downlink configurations of legacy LTE, Rel-15 TDD NB-IoT cannot directly reuse Rel-13 NPRACH structure. 
Observation 2: Definition of 2-ms NB-slot cannot be aligned with all TDD configurations. 
Proposal 1: For TDD NB-IoT, NRPACH design is based on Rel-15 NB-IoT design target.

· NPRACH reliability enhancement feature should be considered.
Proposal 2: For TDD NB-IoT, NPRACH preamble design is common among all operation modes. 

· NPRACH preamble format should be aligned with LTE uplink-downlink configurations in in-band operation mode.
Proposal 3: For TDD NB-IoT, UpPTS is not used for NPRACH.
Proposal 4: For TDD NB-IoT, shorter symbol group can be considered for NPRACH structure.

· Further simulations are needed to evaluate the feasibility.
Proposal 5: For TDD NB-IoT, UpPTS is not used for NPUSCH transmission.
Proposal 6: Further study is needed on whether existing NPUSCH resource mapping and RS design in Rel-13 NB-IoT can be directly reused for TDD. 
Proposal 7: Further study is needed on whether introducing new NB-slot definition for TDD NB-IoT.
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