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1 Introduction

In 3GPP TSG RAN WG1 NB-IoT Ad-Hoc Meeting, following agreements and working assumptions were made for NB-PRACH [1]:
· The configuration of NB-PRACH resource is given by –

· Periodicity (3 bits)

· {40, 80, 160, 240, 320, 640, 1280, 2560} ms

· When PRACH resource and PUSCH collide, PUSCH is postponed

· Number of repetitions (3 bits)

· {1, 2, 4, 8, 16, 32, 64, 128}

· Number of opportunities per period

· 1 (no indication needed)

· Starting time of period (FFS bits)

· FFS

· Repetition uses contiguous subframes within one period 
· Frequency

· Frequency location in subcarrier offset (3 bits)

· {0, 12, 24, 36, 2, 18, 34}

· Number of subcarriers (2 bits)

· {12, 24, 36, 48}

· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH

· {32, 64, 128} 

In this contribution, remaining details of NB-PRACH configuration design and NB-PRACH resource partition for distinguishing UE with multi-tone capability will be discussed.
2 NB-PRACH Configuration Design
It is agreed in TSG RAN WG1 Meeting #84 that the numbers of NB-PRACH repetitions can be selected from the Set {1, 2, 4, 8, 16, 32, 64, 128}, and 
eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set in order to meet different coverage needs in a specific cell [2]. Fig. 1 shows an example of repetition settings in a cell with different coverage needs. 
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Fig.1: Example of repetition settings for a cell with different coverage needs
It is agreed that multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH
{32, 64, 128}. For other settings (coverage levels), multi-tone Msg3 is allowed [1]. For those settings, UE’s multi-tone Msg 3 capability could be indicated during PRACH transmission so that the following Msg3 might be scheduled by multi-tone. Since single-tone is mandatory for all UEs, if there is only one NB-PRACH configuration for a particular repetition setting, the following Msg3 should be transmitted using single-tone. If there are two configurations with the same repetition setting, one of the configurations should be used to indicate UE’s capability of multi-tone Msg3 transmission (Fig. 2).

It should be noted that, for those repetition settings where multi-tone Msg3 is not permitted [1], only one configuration should be used. 
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Fig. 2: Example of resource partition for single-tone and multi-tone Msg 3 indications
Proposal 1: For each of the repetition setting:

· Up to 2 NB-PRACH configurations can be configured
· For a particular repetition setting, if there is only 1 NB-PRACH configuration in the system information, Msg3 is transmitted using single-tone

· For a particular repetition setting, if there are 2 NB-PRACH configurations in the system information, one of the configurations is used to indicate UE’s multi-tone Msg3 capability
The current agreement implies around 18 bits per configuration. UP to 6 configurations may be needed for PRACH resource broadcasting, imposing significant overhead for SIB. Furthermore, for some repetition level (1/2/4/8/16), both single and multi-tone are possible, therefore one bit of ST/MT may be necessary for those repetition levels. However, this bit is not necessary for repetition level 32/64/128, which means that the size of configuration varies with respect to specific value of repetition, which is an unclean design.
To resolve the above issue, the support of ST/MT Msg3 can be signaled implicitly. For example, the first configuration is ST, while the second configuration (with the same repetition level) is MT. If there is only one configuration for a particular repetition level, only ST is supported. 

As shown in Fig. 3, if there are two NB-PRACH configurations, they should be placed in the system information in the order that, the first configuration is used to indicate single-tone Msg3 transmission, while for UE adopting the second configuration, UE’s multi-tone Msg 3 capability’s implicitly indicated and possible multi-tone Msg3 could be scheduled. 
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Fig. 3: Example of NB-PRACH configurations in a cell
Proposal 2: In order to reduce the bits included in the system information
· UE’s multi-tone Msg3 capability is indicated implicitly 

· For a particular repetition setting, if there are two NB-PRACH configurations, they should be placed in the system information in the order that

a) The configuration that comes first is used to indicate Msg3 is transmitted using single-tone. 

b) UE adopting the second implicitly informs the eNodeB that it is multi-tone-Msg3-capable and following Msg3 could be scheduled using multi-tone.
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