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1 Introduction

In this contribution, further considerations on NB-IoT random access are discussed, and corresponding proposals are provided. 
2 Procedure of random access
The LTE random access procedure includes four steps. At the first step, one UE will transmit a randomly selected preamble. When an eNB detects the preamble, it will transmit random access response (RAR) and associated control channel. After the UE successfully detects the random access response and associated control channel, it will send Msg3 via PUSCH. When eNB detects Msg3, it will transmit contention resolution message and associated control channel.

For NB-IoT, considering contention-based random access should be supported, the legacy random access procedure of LTE could be reused. In the rest of this paper, we consider what similarities and differences between NB-IoT and LTE in this regard.
3 NB-PRACH
For one NB-IoT UE, only one RB can be used for UL transmission. In our companion contributions [1]
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[2], NB-PRACH based on a single-tone frequency hopping scheme is proposed and evaluated. This design has perfect constant envelope and can be used by all UEs, irrespective of their coupling loss or whether they are single-tone or multi-tone.
4 Coverage enhancement
For PRACH coverage enhancement, multiple PRACH coverage enhancement levels are supported in eMTC. For each PRACH coverage enhancement level, one PRACH resource set is configured via higher layer signaling, and UE will determine the starting PRACH coverage enhancement level based on RSRP measurement. For each PRACH coverage enhancement level, a number of PRACH attempts is configured. Maximum transmit power is used for highest PRACH coverage enhancement level, and there is power ramping in the other levels.

The DCI format and repetition number of PDSCH (for RAR and Msg4) or PUSCH (for Msg3) are related to PRACH coverage enhancement level. The search space configuration of M-PDCCH for RAR, Msg3 retransmission and Msg4 is also related to PRACH coverage enhancement level. The same M-PDCCH search space is applied to M-PDCCH for RAR, Msg3 retransmission and Msg4. 
For NB-IoT, in view of similarity on the procedure of random access, it can reuse the methodology of eMTC random access. As a result, we propose:
Proposal 1: NB-IoT can reuse the following parts of the methodology of eMTC random access:
· The starting NB-PRACH coverage enhancement level is selected based on RSRP measurement.

· For each NB-PRACH coverage enhancement level, a number of NB-PRACH attempts is configured, and level ramping can be supported
· Maximum transmit power is used for NB-PRACH repetition.

· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.
· DCI in NB-PDCCH indicates the repetition number of NB-IoT RAR/Msg3/Msg4.
5 Msg3 transmission
5.1 Subcarrier spacing
In [3], the following working assumption was approved:
· At least the first UL message after NB-PRACH for initial access to the network can be at least via single-tone UL

· 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

If the subcarrier spacing for the NB-IoT equivalent of Msg3 transmission is not fixed (3.75 kHz or 15 kHz), there may have some indication on used subcarrier spacing. For example, the subcarrier spacing for Msg3 transmission can be indicated in SIB or in RAR.

5.2 Msg3 size

The current Msg3 should include contention resolution identity (40 bits), establishment cause (3 bits) and spare bit (1 bit). However, in current LTE specification, the size of Msg3 should not be smaller than 56 bits [4]. 
NOTE:
When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response.
When a single-tone is used for Msg3 transmission, the NB-PUSCH transmission across multiple subframes should be supported to achieve lower code rate. Especially in lower SINR region, compared to the LTE PUSCH transmission within one RB or multiple RB, expanding NB-PUSCH transmission in multiple subframes with PSD boosting (e.g., one sub-carrier) may reduce the latency to some extent.
Proposal 2: Support transmitting NB-IoT Msg3 over multiple subframes.

For NB-IoT, some new fields may be introduced in Msg3 for NB-IoT, and the size of NB-IoT Msg3 may need to be extended correspondingly. However, since NB-IoT Msg3 can be mapped on multiple subframes, Msg3 sizes of 56bits and above can be supported from physical layer point of view.

Proposal 3: Inform RAN2 that Msg3 sizes of 56 bits and above are supportable at the physical layer.
6 NB-PDCCH and NB-PDSCH
The NB-PDCCH for scheduling Msg2, Msg3 retransmission, and Msg4 can have the same design as NB-PDCCH for scheduling unicast. As analyzed in our contribution [5], NB-PDCCHs for different coverage enhancement levels can be multiplexed within one RB. 
The search space of NB-PDCCH can be determined by starting subframe of search space, periodicity of search space and maximum repetition number. The parameters related to search space of NB-PDCCH for scheduling Msg2, Msg3 retransmission and Msg4 can be configured by NB-IoT SIB.

The NB-PDSCH for Msg2 and Msg4 transmission can also have the same design as NB-PDSCH for unicast transmission. For example, DCI allocates the resource and indicates the repetition number of NB-PDSCH transmission.
Proposal 4: NB-PDCCH and associated NB-PDSCH/PUSCH for Msg2, Msg3 and Msg4 have the same design of NB-PDCCH and NB-PDSCH/PUSCH for NB-IoT normal unicast transmission.
7 Conclusions
In this contribution, further considerations on NB-IoT random access are discussed, and the following proposals are provided.
Proposal 1: NB-IoT can reuse the following parts of the methodology of eMTC random access:
· The starting NB-PRACH coverage enhancement level is selected based on RSRP measurement.

· For each NB-PRACH coverage enhancement level, a number of NB-PRACH attempts is configured, and level ramping can be supported

· Maximum transmit power is used for NB-PRACH repetition.

· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.

· DCI in NB-PDCCH indicates the repetition number of NB-IoT RAR/Msg3/Msg4.
Proposal 2: Support transmitting NB-IoT Msg3 over multiple subframes.
Proposal 3: Inform RAN2 that Msg3 sizes of 56 bits and above are supportable at the physical layer.
Proposal 4: NB-PDCCH and associated NB-PDSCH/PUSCH for Msg2, Msg3 and Msg4 have the same design of NB-PDCCH and NB-PDSCH/PUSCH for NB-IoT normal unicast transmission.
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