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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#84 meeting, following agreements and working assumptions were made for NB-PRACH:
· Confirm WA that NB-PRACH is based on single-tone with frequency hopping. 
· NB-PRACH uses a subcarrier spacing of 3.75kHz 
· 2 CP lengths are provided to support different cell sizes
· 66.7 us and 266.7 us
· Hopping is between groups of symbols
· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups
· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups
· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:
i. Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
· The following numbers of NB-PRACH repetitions are provided in the specifications:  
· {1, 2, 4, 8, 16, 32, 64, 128}
· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set
· Power ramping:
· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level
· Otherwise, the UE uses NB-PRACH power ramping 
In this contribution, remaining details of NB-PRACH design, i.e., sequence and resource configuration, are discussed.
NB-PRACH sequence
A constant sequence, i.e., x[1] = x[2] = x[3] = …, is proposed to be generated for all symbols of a NB-PRACH transmission. The sequence can also be viewed as a symbol spread by a sequence of constant “1”s. 
The benefits of the above design is that the resulting waveform is constant envelope which allows the NB-PRACH signals to be transmitted with high energy efficiency by all UEs, without spectral regrowth or EVM degradation even with a fully saturated power amplifier.
Full evaluations have been provided in [2] to show the fulfillments of the 164 dB MCL target based on the above sequence design.
Proposal 1: A constant sequence of “1”s is used for all symbols of a NB-PRACH transmission.

NB-PRACH configuration
At least three NB-PRACH resource configurations can be broadcasted per cell, each based on one number of NB-PRACH repetitions (e.g. 2, 2, 32, 128). One of the NB-PRACH resource configurations may be used for the indication of support for multi-tone transmission for Msg3 as discussed in [3]. 
Time domain configuration
NB-PRACH resources occur periodically in the time domain. The periodicity setting for NB-PRACH should provide the opportunity to multiplex the NB-PRACH resource configurations in TDM between neighbor cells to avoid inter-cell interferences.
[image: ]
[bookmark: _Ref445908759]Figure 1:	Time-domain resource configurations for NB-PRACH
As shown in Figure 1, for each NB-PRACH resource configuration, the following time domain parameters are defined:
· Period. The length in time between two NB-PRACH resource occurrences. The set of repetitions, {1, 2, 4, 8, 16, 32, 64, 128}, can be translated into the set of durations of a NB-PRACH transmission (including repetitions), {6.4 ms, 12.8 ms, 25.6 ms, 51.2 ms, 102.4 ms, 204.8 ms, 409.6 ms, 819.2 ms} (assuming a CP length of 266.7 us). Therefore, the set of candidate periods is proposed to be {32 ms, 64 ms, 128 ms, 256 ms, 512 ms, 1024 ms, 2048 ms} in order to allow multiple NB-PRACH opportunities within each period.
· Starting time. For the purpose of calculating the starting time, the period is evenly divided into N parts, and the starting time specifies the index of a selected part. It can take the value from 0 to N-1. N=4 for Period=32 ms, 8 for period=64 ms, 16 for period=128 ms, and 32 for period>128 ms.
· Note that the division of the period is just for determining the starting time. The actual NB-PRACH resource is determined by number of opportunities, below.
· Number of opportunities. The number of consecutive opportunities for NB-PRACH transmission in time domain. A maximum number of 4 is sufficient for a given NB-RPACH resource configuration. Hence the set of values is proposed to be {1, 2, 3, 4}. 

Proposal 2: For each NB-PRACH resource configuration, the following cell-specific time domain parameters are provided:
· Period. The value can be chosen from the set {32 ms, 64 ms, 128 ms, 256 ms, 512 ms, 1024 ms, 2048 ms}.
· Starting time. The value can be chosen from 0 to N-1 where N=4 for Period=32 ms, 8 for Period=64 ms, 16 for Period=128 ms, and 32 for Period>128 ms.
· Number of opportunities. The value can be chosen from the set {1, 2, 3, 4}.
Frequency domain configuration
One or more NB-PRACH band can be configured per sector, each consisting of 12 consecutive subcarriers and configurable by its lowest subcarrier index. With 3.75 kHz subcarrier spacing there are at most 48 subcarrier positions, so the most straightforward set of values for the NB-PRACH band configuration is {0, 12, 24, 36}. Another set of {2, 18, 34} can also be considered to accommodate the case that a guard band of 7.5 kHz is reserved between NB-PRACH and NB-PUSCH.
Proposal 3: The location of a NB-PRACH band is defined by its lowest subcarrier index which can be chosen from the set {0, 12, 24, 36, 2, 18, 34}.
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[bookmark: _Ref445909175]Figure 2:	Frequency-domain resource configurations for NB-PRACH
For each NB-PRACH band and each NB-PRACH resource configuration, the following frequency domain parameters are defined:
· Starting subcarrier offset: the relative subcarrier index within the NB-PRACH band. The set of values can be {0, 4, 8}.
· Number of subcarriers: the number of consecutive subcarriers of the NB-PRACH resource pattern. The set of values can be {4, 8, 12}.
Proposal 4: For each NB-PRACH resource configuration, the following cell-specific frequency domain parameters are provided:
· NB-PRACH band, i.e. the lowest subcarrier index of the band.
· Starting subcarrier offset within the NB-PRACH band, from {0, 4, 8}.
· Number of consecutive subcarriers from the starting subcarrier, from {4, 8, 12}.
Numbering of NB-PRACH resource unit
A NB-PRACH resource unit is defined as the duration of a NB-PRACH transmission in time domain and the starting subcarrier in the frequency domain. For any given NB-PRACH resource configuration, within each period, the NB-PRACH resource units are numbered in a frequency first then time fashion. Since the max number of subcarriers per NB-PRACH band is 12 and the configured opportunities can be up to 4, any NB-PRACH resource unit can be numbered from 0 to 47.
Alternative NB-PRACH configuration
Another option for NB-PRACH time domain configuration can also be considered where continuous resources are allocated within a NB-PRACH period. Without loss of generality, Figure 3 shows an example of continuous allocation with 4 subcarriers. To indicate the NB-PRACH resource allocation, following time domain parameters are defined:
· Period. The time duration between two NB-PRACH occurrences. The set of periods is proposed to be {40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms, 5120ms}, considering radio frame length and for simplicity.
· Preamble Duration. The time duration of a NB-PRACH preamble transmission considering preamble repetitions. Given a 266.7us CP length, the duration of a NB-PRACH preamble transmission is one out of the set {6.4 ms, 12.8 ms, 25.6 ms, 51.2 ms, 102.4 ms, 204.8 ms, 409.6 ms, 819.2 ms} corresponds to {1, 2, 4, 8, 16, 32, 64, 128} repetitions respectively. An index can be defined for each kind of duration, ranging from 0 to 7. An eNB can configure several kinds of preamble durations in a period. 
· Number of opportunities. The number of transmission opportunities in time domain for each kind of selected preamble duration within a period. This parameter is defined per each kind of selected NB-PRACH preamble duration. The maximum number of opportunities is 4.
Hence, the Starting time of each NB-PRACH configuration can be calculated as
Starting_time (n+1)=  Starting_time(n)+ Preamble Duration* Number of opportunities
Where n≥0， and Starting_time (0) aligns with the beginning time of each period.
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[bookmark: _Ref445909619]Figure 3: Time-domain continuous resource allocation for NB-PRACH
In this option, gap time may be larger than or equal to 0.
[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the following considerations on the NB-PRACH design principles for NB-IoT are proposed:
Proposal 1: A constant sequence of “1”s is used for all symbols of a NB-PRACH transmission.
Proposal 2: For each NB-PRACH resource configuration, the following cell-specific time domain parameters are provided:
· Period. The value can be chosen from the set {32 ms, 64 ms, 128 ms, 256 ms, 512 ms, 1024 ms, 2048 ms}.
· Starting time. The value can be chosen from 0 to N-1 where N=4 for Period=32 ms, 8 for Period=64 ms, 16 for Period=128 ms, and 32 for Period>128 ms.
· Number of opportunities. The value can be chosen from the set {1, 2, 3, 4}.
Proposal 3: The location of a NB-PRACH band is defined by its lowest subcarrier index which can be chosen from the set {0, 12, 24, 36, 2, 18, 34}.
Proposal 4: For each NB-PRACH resource configuration, the following cell-specific frequency domain parameters are provided:
· NB-PRACH band, i.e. the lowest subcarrier index of the band.
· Starting subcarrier offset within the NB-PRACH band, from {0, 4, 8}.
· Number of consecutive subcarriers from the starting subcarrier, from {4, 8, 12}.
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