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1. Introduction
In RAN1#90 and RAN1#90bis meeting, various agreements were made related to NPRACH TDD NB-IoT. Following are the agreements relevant to NPRACH design. 
Agreements: (RAN1 #90)
· NPRACH for TDD supports single-tone with frequency hopping
· Multi-tone NPRACH formats can also be considered
· FFS details of frequency hopping
· One symbol group is defined by one CP, and N symbols. 
· FFS the value(s) of N
· FFS CP durations, symbol duration
· A preamble is defined by P symbol groups
· FFS: Guard time usage
· Repetition of NPRACH preamble is supported
· The cell radius target for TDD NPRACH is FFS
Agreements: (RAN1 #90bis)
· TDD NPRACH supports at least 3.75 KHz subcarrier spacing single-tone with frequency hopping.
· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2
· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes
· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration
· G is FFS, and G≥2
· P (number of symbol groups in a preamble) is even.
· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.
· FFS the details of the hopping pattern
· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported
· For the hopping between discontinuous transmissions within one preamble
· FFS hopping distance and hopping pattern
· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions
· FFS details
In this contribution, we discuss the remaining NPRACH design aspects of TDD NB-IoT .
2. Discussion 

NPRACH design in TDD NB-IoT is based on Rel. 13 design as base framework. To comply with the UL/DL configurations, in TDD NB-IoT few modifications are added to the existing design. In RAN1#90bis, it was agreed to not support UL/DL configuration #0 and it is working assumption that UL/DL configuration #6 is not supported. 
Table 1: UL-DL configurations
	UL-DL 
configuration
	DL-to-UL 
Switch-point periodicity
	Sub-frame 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



Among the supported configurations ( See Table 1), continuous available UL subframes are 1, 2 and 3. So, it is suboptimal to design a single format for all supported configurations. NPRACH performance can be optimized by having separate formats for number of continuous available UL subframes. Supporting too many number of formats increases overhead. So, support one format each for 1, 2, and 3 continuous UL subframes. 
Proposal 1: Support one format each for 1, 2, and 3 continuous UL subframes.
In previous meetings, it was agreed that a preamble contains P symbol groups (P is even). Out of P symbol groups, G symbol groups are transmitted back to back  followed by guard period. A symbol group contains N symbols. Increasing the number of symbol groups P increases overhead as each symbol group has CP in it. Also, to avoid many changes to the existing Rel. 13 frame work, it is proposed to set the value of P as 4.
Proposal 2: Number of symbol groups per preamble P = 4.
Random hopping among symbol groups is used in Rel.13 NPRACH for a better estimation of timing offset. A hopping of 3.75 KHz between first two symbol groups and a hopping of 22.5 KHz between 2nd and 3rd symbol groups. A coarse timing offset is estimated with first hopping and it is fine-tuned with second hopping. It was agreed to support random hopping among symbol groups. With P = 4, minimum number of symbol groups to be transmitted back to back G are 2. G = 2 maintains symmetry in the design, which helps in implementing random hopping optimally.
Proposal 3: Number of back to back symbol groups to be transmitted G = 2.
In [1], simulation results are provided for number of symbols in a symbol group N = 2, 3, 5. The results prove that, N = 5 performed better over N = 3 and N = 2. Similarly, N=3 performed better over N = 2. Small values of N increase the overhead (CP and Guard period) in the preamble. So, it is preferable to have a bigger N. N = 5 best suits to 3 continuous UL subframes case, also it retains the value in Rel. 13 NPRACH frame work. N = 3 fits in 2 continuous UL subframes case with less overhead compared to N = 2 case. The availability of UL resources for NPRACH can be increased by exploiting UpPTS symbols.
Proposal 4: N = 5 is used in case of 3 continuous UL subframes and N = 3 is used in case of 2 continuous UL subframes.
Proposal 5: UpPTS symbols can be used for NPRACH transmission. 
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In this contribution, we discussed the remaining NPRACH design aspects of TDD NB-IoT. We made the following proposals:
Proposal 1: Proposal 1: Support one format each for 1, 2, and 3 continuous UL subframes.
Proposal 2: Number of symbol groups per preamble P = 4.
Proposal 3: Number of back to back symbol groups to be transmitted G = 2.
Proposal 4: N = 5 is used in case of 3 continuous UL subframes and N = 3 is used in case of 2 continuous UL subframes.
Proposal 5: UpPTS symbols can be used for NPRACH transmission. 
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