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Introduction
FD-NPRACH addresses all the requirements of NB-IOT system, it is a single tone 3.75KHz transmission without any special sequence unlike LTE but it cannot be adopted directly for TD-NBIOT without any modifications. In this proposal, we present the reasons for the same and modifications need for TD-NPRACH.
Motivation
Motivation for Design Change
A single sub carrier with 3.75KHz spacing whose duration is four times of the 15KHz OFDM symbol, is transmitted continuously for 5 times makes the NPRACH preamble.
However, the existing NB-IoT FDD PRACH design cannot be directly used in TDD system as the duration of a symbol group exceed a subframe duration i.e 1msec.
New design for NPRACH can be approached in multiple ways:
1. Making use of symbols in Special subframe in existing TDD UL/DL configurations for NPRACH.
2. Shrinking current FDD NPRACH symbol group design in time domain to fit into a subframe.
3. Combining symbols of multiple subcarrier spacing so as to fit the design to 1 sub frame duration. Eg: Using both 3.75KHz spaced symbols and 15 KHz.
4. Designing a symbol group with new subcarrier spacing.

Careful scrutiny of all possible options for NPRACH design, considering a low complex and low power NB-IOT UE will land up in NPRACH with a new sub carrier spacing for following reasons.
1.  As existing LTE - UL/DL configuration are not suitable for a NB-IOT system which has multiple repetitions for all downlink and uplink channels. New UL/DL configurations with more opportunities for UL and DL will most likely be proposed. So TD-NPRACH design shouldn’t be constrained to existing LTE UL/DL configurations.
2. Using UpPTS duration available in Special Sub frames in TD- LTE which is for UL pilot transmission like Sounding Reference Signals is discouraged as there are no such reference signals are present in FDD-NB-IOT for understanding uplink conditions. In fact SRS is not needed in NB-IOT system, As NB-IoT itself doesn’t have any specific CQI reporting and also works in very small bandwidth.
3. Notion of special subframes for switching from DL to UL may not be relevant in delay tolerant NB-IoT system. Special subframes may mostly be discouraged in NB-IoT. So Designing NPRACH with Special subframes is not appropriate.
4. Using symbols with multiple sub-carrier spacing in a single subframe will complicate the signal generation and may not be suitable for low complex NB-IoT UE.
5. Probing for New sub-carrier spacing narrows down to be the viable NB-IOT PRACH design. 

Discussion

After evaluating all possible sub carrier spacings, New design based on 5KHz spaced NPRACH carrier for NB-IoT TDD system was proposed. 5KHz spaced OFDM symbol takes 3 times the duration of 15KHz symbol. Based on CP format and guard duration 3/4 symbols with preamble value 1 can be sent in a single subframe. CP and Guard duration can be picked for the existing FDD-NBIOT PRACH

NB-IoT TDD NPRACH Design :
NB-IoT Carrier of 5KHz will fit into existing LTE- TDD system for Inband operation.
· Each symbol duration is 3 times the symbol duration of 15KHz uplink symbol time.
· Cyclic prefix of upto 1 symbol duration of 5KHz was possible.
· PUSCH(Physical Uplink shared channel ) can use any of 3.75KHz,5KHz,15KHz subcarrier spacing.
· Design fits into a subframe, making it possible to transmit in UL/DL configuration finalised for NB-IoT TDD.
TDD NPRACH:
Any User equipment must transmit NPRACH to eNodeB to get initial network connection. In Narrow Band IOT for deployment scenarios of In band, guard band and standalone mode UE need to transmit NPRACH. Below block diagram explains the step involved in generation of NPRACH
                                                          
Block 1: As decided by higher layers UE need to pick a sub carrier 
Block 2: Sub carrier has to be modulation with sequence 1

                                  



 is an amplitude scaling factor in order to conform to the transmit power  specified, k = sub carrier, is 5KHz
Block 3: generate 1,2,3,4 any number of symbols with 1msec duration which is equal to 1 sub frame and that subframe can be any of the 10 subframes within a frame.
Block 4: repeat block 1 to 3 by choosing a different sub carrier and generate s(t). 
Block 5: choose a carrier frequency and transmit over air by user equipment.

Design Analysis:

 Simulation Scenario:
1. Coverage classes: 144dB, 154dB,164dB 
2. Channel model: EPA1 Low.
3. .5 ppm BS receiver offset.
4. Designed was evaluated using a standard receiver which can detect any of the transmitted frequency carrier.
	PRACH
	

	Transmitter
	

	(1) Tx power (dBm)
	      23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	    -174

	(3) Receiver noise figure (dB)
	       3

	(4) Interference margin (dB)
	       0

	(5) Occupied channel bandwidth (Hz)
	    5 KHz

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	    
   -134.01 
 

	(7) Required SINR (dB)
	    -6.9

	(8) Receiver sensitivity = (6) + (7) (dBm)
	  -140.91

	(9) Rx processing gain
	      0

	(10) MCL = (1) (8) + (9) (dB)
	    164



5. Design considered CP duration so as to meet RTT of a cell with radius of 25KM.
6. Carrier frequency offset of 200Hz
Receiver requirements as per 3GPP BS conformation testing (36.141)
The performance requirement of NPRACH for preamble detection is determined by two parameters: the total probability of false detection of the preamble (Pfa) and the probability of detection of the preamble (Pd). The performance is measured by the required SNR at probability of Pd shall not be smaller than 99% and probability of Pfa shall not be larger than 0.1%.
Pfa is defined as a conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection consists of several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. A timing estimation error occurs if the estimation error of the timing of the strongest path is larger than [3.646]us. 

Simulation Results:

For 100000 iterations of simulation below is detection and false alarm instances for single repetition of PRACH

	     MCL (dB)
	       Successful Detection
	             False alarm

	                        144
	                 999997
	                       3

	                        154
	                 999994
	                       6

	                        164
	                 999987
	                      13



PFA and PD are well within the requirments of 3GPP.












Timing error of Time of Arrival of NPRACH

[image: ]Timing error at 164 MCL is 95% within specification requirement for 2 repetitions only
[-7,7] at 1.92MSPS ~ [-3.6458, 3.6458]µs





[image: ]
Timing error at 164 MCL is 100% within specification requirement
[-7,7] at 1.92MSPS ~ [-3.6458, 3.6458]µs
Conclusion
[bookmark: _GoBack]Proposal:  Adopt the single tone NPRACH with 5KHz sub-carrier spacing 


Pick up a subcarrier


modulate with sequence 1


generate 'n' symbols 


pick up another sub carrier as per hopping pattern
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