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1. Introduction

At the 3GPP RAN#70 meeting, there were some technical discussions including subcarrier-spacing of the first UL transmission after the UL random access transmission, i.e., message 3 transmission. The corresponding LS including the following agreements was sent to RAN1 [1].
· Both of the following are supported by the specifications:

· 3.75 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· 15 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· Details of network configurability is left to WGs (including the possibility of configuring both in the same cell)

· RAN will make the decision on capability/interoperability testing at RAN#71. 

It is not clear yet whether the UE supports both subcarrier spacing of 3.75 kHz and 15 kHz for message 3. If UE is allowed to support either option, a mechanism for the NW to select the subcarrier spacing should be determined. In this contribution, we provide our views on the overall random access procedures for NB-IoT including the above issue regarding Msg. 3. 

2. Random Access Procedures
· RACH configuration

As is the case in eMTC, the PRACH configuration may include RACH preamble time/frequency/code resources, and the number of repetitions. The PRACH configuration should be at least coverage enhancement (CE)-level specific. In addition, each PRACH configuration may need to be associated with the other parameters so as to distinguish between single-tone and multi-tone for Msg. 3 or between 3.75 kHz-subcarrier spacing and 15 kHz-subcarrier spacing if necessary.

· Message 2

Whether or not to support common search space (C-SS) should be discussed. Some contributions propose not to use the CSS [2]. From performance perspective, the scenarios where multiple RAR records are multiplexed would be very limited. With a single RAR record, a few TBSs may be sufficient for RAR message transmission. In this case, the motivation to support the C-SS would become weaker because of the PDCCH overhead. However, the overhead issue may be alleviated by using multiple RAR records with a larger number of repetitions. On the other hand, one possible advantage to define it is to control the number of repetitions for the PDSCH carrying RAR message. Another potential merit is to allow for future extension of the RAR transmission. More useful features such as frequency-hopping and different PRB indication would be supported in the future release (if any).
Proposal 1: Support search space for RAR in the M-PDCCH. Reuse similar mechanism to the eMTC.
· Message 3
In our view, it would be efficient to support multi-tone transmission for Msg. 3 if the UE supports multi-tone transmission and is in a good coverage. 

Proposal 2: Support multi-tone transmission for message 3.

If the UE is mandated to support all the UL transmission schemes, i.e., single-tone with 3.75 kHz and 15 kHz and multi-tone, the NW would choose an appropriate transmission scheme possibly based on the RACH CE level. However, if a UE is allowed to support only a single transmission scheme among single-tone transmission with 3.75 kHz and 15 kHz and multi-tone transmission, a mechanism in order for the NW to acquire the Msg. 3 transmission scheme for the UE should be determined. There are some methods to support multiple transmission schemes for Msg. 3 as follows.
· Associate different Msg. 3 transmission schemes (e.g., single or multi-tone) with different PRACH resources
· Each PRACH configuration is associated with either single-tone or multi-tone Msg. 3 transmissions. If a UE is in good coverage based on RSRP and the UE supports multi-tone transmission, it would choose PRACH resource associated with multi-tone transmission for Msg. 3. Then, based on reception of the corresponding PRACH, the NW can assign multi-tone for Msg. 3. In this approach, the PRACH configuration should be properly split between single-tone and multi-tone transmissions. The same approach can be applied to select subcarrier spacing.
· Apply different Msg. 3 transmission schemes (e.g., 3.75 kHz and 15 kHz) for different operation modes
· In in-band/guard band operation modes, a subcarrier spacing of 15 kHz would work better than that for 3.75 kHz. On the other hand, for stand-alone operation mode, a subcarrier spacing of 3.75 kHz may perform better than that for 15 kHz in some cases. Hence, a possible way to Msg. 3 transmission is to apply a subcarrier spacing of 15 kHz in in-band/guard band operation modes while a subcarrier spacing of 3.75 kHz is used in stand-alone operation.
Proposal 3: If the NB-IoT UE supports all of single-tone transmissions with 3.75 kHz, 15 kHz, and multi-tone transmission for Msg. 3, the SIB or the RAR indicates one of single-tone transmission with 3.75 kHz, that of 15 kHz, and multi-tone transmission.
Proposal 4: If the NB-IoT UE supports any one of single-tone transmission with 3.75 kHz, 15 kHz or multi-tone transmission for Msg. 3, the following can be considered.

· Single-tone or multi-tone transmission for Msg. 3 is determined by PRACH configuration. 
· A subcarrier spacing of either 3.75 kHz or 15 kHz for the single tone transmission is also determined by PRACH configuration. Or a subcarrier spacing of 3.75 kHz is used for stand-alone operation and that of 15 kHz is used for in-band/guard band operations.
· Message 4

As is the case in eMTC, SS for Msg. 4 would be defined. The same SS on NB-PDCCH as that for Msg. 2 can be reused since the same NB-IoT carrier would be used for both Msg. 2 and Msg. 4. 
Proposal 5: Support search space for Msg. 4 in the NB-PDCCH. The same SS as that for the Msg. 2 can be reused.
3. Conclusion
In this contribution, we provided our views on the RACH procedures. We mainly focused the discussion on Msgs. 2 and 3 and made the following proposals.
Proposal 1: Support search space for RAR in the M-PDCCH. Reuse similar mechanism to the eMTC.

Proposal 2: Support multi-tone transmission for message 3.

Proposal 3: If the NB-IoT UE supports all of single-tone transmissions with 3.75 kHz, 15 kHz, and multi-tone transmission for Msg. 3, the SIB or the RAR indicates one of single-tone transmission with 3.75 kHz, that of 15 kHz, and multi-tone transmission.
Proposal 4: If the NB-IoT UE supports any one of single-tone transmission with 3.75 kHz, 15 kHz or multi-tone transmission for Msg. 3, the following can be considered.

· Single-tone or multi-tone transmission for Msg. 3 is determined by PRACH configuration. 

· A subcarrier spacing of either 3.75 kHz or 15 kHz for the single tone transmission is also determined by PRACH configuration. Or a subcarrier spacing of 3.75 kHz is used for stand-alone operation and that of 15 kHz is used for in-band/guard band operations.

Proposal 5: Support search space for Msg. 4 in the NB-PDCCH. The same SS as that for the Msg. 2 can be reused.
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