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1. Introduction
RAN #76 approved a WI [1] on further NB-IoT enhancements. One of the objectives according to WID is to support TDD NB-IoT with Rel-13 as baseline design. In RAN1#90 and RAN1#90bis meeting, various agreements were made related to 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 NPRACH design aspects of TDD NB-IoT and analyze the performances of NPRACH designs with number of symbols N in a symbol group as 2, 3 and 5. 
2. Discussion 
The supported operation modes of NB-IoT are in-band, guard-band, and standalone. In case of in-band/guard-band mode, TDD NB-IoT should follow the same UL:DL configurations of LTE. A single NPRACH preamble unit in Rel.13 NB-IoT takes a time duration of 5.4 ms in format 0 and 6.4 ms in format 1 [2]. But, the maximum continuous UL resources supported by existing UL:DL configurations is 3ms (excluding UpPTS). So, Rel. 13 NPRACH design can not be reused for TDD NB-IoT, directly. Therefore, NPRACH design requires modifications for TDD NB-IoT. 
     NPRACH can be fit into existing UL:DL configurations by reducing the time duration of the preamble. This can be done in two ways. Alt. 1 is break the preamble into mini preambles (see Fig.1) and transmit them in the consecutive UL reserved transmissions. This alternative is simple and straight forward with minimal changes to the existing design and its properties. Alt .2 is increase the sub-carrier spacing.    

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



The performance of NPRACH is directly proportional to the number of symbols used in preamble. Also, to support large cell sizes, it is desired that NPRACH transmission should completely make use of available UL resources including UpPTS symbols. 
Proposal 1: UpPTS symbols can be used for NPRACH transmission.
       [image: 19]
Fig 1: Transmission of mini preambles
2.1. Symbol Group size:
Let ‘N’ be the number of symbols in symbol group. In Rel. 13 NB-IoT, the value of N is 5. All UL:DL configurations can’t support N=5. The bigger the value of N, the better the NPRACH performance. In TDD NB-IoT case, UL:DL configurations limit the value of N.
N=2:
In this case, a symbol group can be fit with in a subframe. To support large cell size CP length is made bigger in NPRACH and it is comparable to symbol duration. CP overhead is more because only two symbols are used. Also, NPRACH latency will be increased as preamble has to be repeated more number of times in order to meet the MCL requirements.
N=3:
In this case, a mini preamble with two symbol groups can be fit in two consecutive UL subframes. Compared to N=2 case, CP overhead is moderate and also sufficient guard period can be accommodated for supporting large cell size.
N=5:
Here, a mini preamble with two symbol groups will occupy three consecutive UL subframes. It has less CP overhead compared to above cases and also has sufficient time for guard period to support large cell size.
 
2.2. TDD NPRACH performance:
[bookmark: _Ref438723119]In this section, TDD NPRACH performances are summarized in Tables 3, 4 and 5 for N=2, 3 and 5 cases respectively.
Table 2: Simulation assumptions
	Parameter 
	Value 

	Channel model 
	TU 

	Doppler spread 
	1 Hz 

	MS transmit power
	23 dBm

	BS receiver noise figure
	3 dB

	Frequency error 
	±50 Hz 

	Cell size 
	35 km 

	DL sync. error 
	[-2.5, 2.5] us














Table. 3: TDD NPRACH performance with N=2
	
MCL (dB)
	Probability of ToA in [-2.5 to 2.5] us (CP=266.67 us)
	False alarm probability
	Missed detection probability

	144
	0.996
	0
	0.08 %

	154
	0.964
	0
	0.24 %

	164
	0.769
	0.07 %
	2.85 %



Table. 4: TDD NPRACH performance with N=3
	
MCL (dB)
	Probability of ToA in [-2.5 to 2.5] us (CP=266.67 us)
	False alarm probability
	Missed detection probability

	144
	0.997
	0
	0.02 %

	154
	0.977
	0
	0.08 %

	164
	0.821
	0.02 %
	0.35 %






Table. 5: TDD NPRACH performance with N=5
	
MCL (dB)
	Probability of ToA in [-2.5 to 2.5] us (CP=266.67 us)
	False alarm probability
	Missed detection probability

	144
	0.997
	0
	0

	154
	0.986
	0
	0.04 %

	164
	0.860
	0.02 %
	0.20 %



It is observed that with N=5, NPRACH achieved best performance in all MCL cases compared to other cases. NPRACH with N=3 performed better over NPRACH with N=2. So, for UL:DL configurations with two consecutive UL subframes N=3 is preferred and for UL:DL configurations with 3 consecutive subframes N=5 is preferred.
Proposal 2: Symbol groups with 3 symbols are used in UL:DL configurations with two consecutive UL subframes and symbol groups with 5 symbols are used in UL:DL configurations with three consecutive UL subframes.

[bookmark: _Ref378529477][bookmark: _Toc425248865][bookmark: _Toc425504168][bookmark: _Toc425501584][bookmark: _Toc425350726][bookmark: _Toc425344835][bookmark: _Toc424303267]3. Conclusions
In this contribution, we discussed the NPRACH design aspects of TDD NB-IoT and analyzed NPRACH designs with N as 2, 3 and 5. We made the following proposals:
Proposal 1: UpPTS symbols can be used for NPRACH transmission. 
Proposal 2: Symbol groups with 3 symbols are used in UL:DL configurations with two consecutive UL subframes and symbol groups with 5 symbols are used in UL:DL configurations with three consecutive UL subframes.

4. References
[1]  RP-171428, “Revised WID on further NB-IoT enhancements”, Huawei, HiSilicon, 3GPP RAN#76 meeting, West Palm Beach, USA, June 5-8, 2017.
[2]  Physical channels and modulation, 3GPP TS 36.211 V13.2.0. 
[3]  R1-1713366, “On uplink TDD NB-IoT”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Meeting #90
[4]  R1-160026, “NB-PRACH evaluation”, 3GPP TSG RAN WG1 NB-IoT Ad-Hoc meeting




1/5
image1.png
Sub carriers

Mini preamble 1

<+ >
12 11
11 12
10 9
9 10
8 7
7 8
6 5 GP
5 6
4 3
3 4
2 1
1 2
——>
Symbol Group

4—— UL reserved transmission ——p

>

DL reserved transmission

Mini preamble 2

< >
5 6
6 5
3 4
4 3
1 2
2 1
11 12 GP
12 11
9 10
10 9
7 8
8 7
—>
Symbol Group

4——— UL reserved transmission ———p

Time

>




