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1 Introduction
In RAN#70 meeting, a new work item ‘Narrow Band Internet of Things, NB-IOT’ is approved [1].  Three deployment scenarios are supported: in-band operation, guard band operation and standalone operation. In the previous RAN2 meeting, some conclusions related to RACH procedure for NB-IoT have been reached, which aims to reuse as much as reasonable eMTC and eDRX enhancements. In this contribution we further discuss the random access procedure for NB-IoT.
· RAN2 expect that a set of PRACH resources (e.g. time, frequency, and preamble sequences) is provided for each coverage level, e.g. a number of preamble sequences for each level.
· The PRACH resources per coverage level are configurable by System Information.
· The UE selects PRACH resources based on coverage level given by a UE DL measurement, e.g. RSRP.

· We assume that we don’t need to support contention free RACH / dedicated preambles for Handover or other reconfigurations in this release. The need for contention frees RACH in the future or for other purposes, e.g. PDCCH order is FFS.

· In the SI signalling support it shall be possible to indicate that only a subset of RACH resources are available for contention RACH. 

2 Random access for NB-IoT in general
It is reasonable to use LTE Rel.13 eMTC as a starting point for the random access of NB-IoT, with necessary modifications. Similar to Rel.13 eMTC, the NB-IoT devices are also bandwidth limited.  NB-IoT also supports different coverage levels, and relies on repetitions for enhanced coverage. For random access procedure, it is agreed to use only preamble based PRACH for NB-IoT in the last ad-hoc meeting, which allows us to largely reuse the random access procedure specified for Rel.13 eMTC.
The eMTC random access procedure includes four steps as shown in Figure 1. At the first step, one UE transmits a randomly selected preamble. When an eNB detects the preamble, it transmits random access response (RAR) and associated control channel. After the UE successfully detects the random access response and associated control channel, it sends Msg3 via PUSCH. When eNB detects Msg3, it transmits contention resolution message and associated control channel. In the following part, detail random access procedure following the eMTC procedure will be described. 
Proposal 1: The Rel.13 eMTC random access procedure is used as a baseline for NB-IoT.
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Figure 1. Rel.13 MTC random access procedure
2.1 Random access preamble transmission
The contention-based random access procedure starts with random access preamble transmission from the UE to eNB. It is agreed to support one PRACH scheme for all MCL cases. In the offline email discussion, single tone based preamble transmission with 3.75 KHz or 15 KHz subcarrier spacing is widely discussed. eNB can configure multiple resource sets for PRACH preamble transmission, for example 1-to-1 mapping between PRACH CE levels for different MCL requirements and PRACH resource sets. The number of PRACH repetitions and the number of PRACH attempts for each PRACH CE level can be separately configured by the eNB for different MCL cases. The PRACH resource set configuration is up to eNB implementation and there is little motivation to limit the flexibility of PRACH resource set configuration for each coverage enhancement level. The UE determines its initial coverage level based on the received signal strength and randomly selects the preamble to transmit on the selected RACH resource. 
Furthermore, following the Rel. 13 eMTC design, no power ramping is used for PRACH transmission with large repetition and the existing PRACH power ramping procedure is based on the current mechanism. 

If the UE fails to access the network after the maximum number of attempts at the highest PRACH CE level, the UE should stop further attempts at the highest PRACH CE level. 
2.2 RAR and its corresponding NB-PDCCH
In Rel.13 eMTC, after eMTC UE transmits a PRACH preamble, the UE shall monitor the M-PDCCH in order to receive RAR. The RAR is transmitted on a PDSCH scheduled by an M-PDCCH, and the size of RAR is variable, which allows multiple MAC RARs to be multiplexed in the same PDSCH transmission. NB-IoT RAR and its corresponding NB-PDCCH can follow the same design for the consideration of the standardization effort.
For the NB-PDCCH scheduling RAR, its maximal number of repetitions should be indicated in NB-IoT SIB. If it is decided that frequency hopping is not supported for NB-PDCCH, then the UE can assume the NB-PDCCH scheduling RAR is always in a PRB corresponding to the PRB in which the PRACH preamble was transmitted. Therefore, no parameter is needed to indicate the NB-PDCCH PRB location. 
The number of repetitions for the RAR is indicated in NB-PDCCH scheduling RAR. Depending on whether NB-PDCCH can schedule NB-PDSCH in a different PRB, a PRB index for NB-PDSCH may or may not be included in the NB-PDCCH DL assignment DCI. The timing relation between the NB-PDCCH scheduling RAR and RAR should follow the NB-IoT NB-PDCCH for scheduling unicast NB-PDSCH, i.e. the RAR starts in subframe n+k, where n is the subframe in which the repetitions of the decoded NB-PDCCH scheduling RAR message(s) ends.
In order to reduce the collision probability for massive number of NB-IoT devices, it is preferable that Msg3 and its retransmission(s), as well as Msg4 transmission can be scheduled to a different PRB. Therefore, the following fields in the Rel.13 eMTC RAR should also be included in the NB-IoT RAR:

· The number of repetitions for Msg3 transmission

· The NB-IoT PRB/carrier for Msg3 transmission

· The NB-IoT PRB/carrier for NB-PDCCH scheduling Msg3 retransmission and Msg4 transmission
Proposal 2: The NB-PDSCH transport block can contain RAR messages to multiple UEs.
Proposal 3: The NB-IoT RAR indicates a PRB location for Msg3 transmission and a PRB location for NB-PDCCH scheduling Msg3 ReTx and Msg4. 
2.3 Msg3 and NB-PDCCH scheduling Msg3 retransmission
The initial transmission of Msg3 is performed according to the UL grant contained in the RAR. For possible retransmission of the Msg3, the NB-IoT UE needs to monitor an NB-PDCCH search space. 
It is beneficial to allow the eNB to dynamically assign a different NB-IoT PRB/carrier for the NB-PDCCH scheduling Msg3 retransmission than the NB-IoT PRB/carrier for the NB-PDCCH scheduling RAR. This would provide eNB more flexibility in terms controlling the blocking probability in case there are many NB-IoT devices performing RACH at the same time as described in the previous section.

In [5], 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

Since different subcarrier spacing are supported for the NB-IoT Msg3 transmission (3.75 kHz or 15 kHz), either implicit or explicit signaling is needed to determine the subcarrier spacing for Msg3. It is preferable that the subcarrier spacing for Msg3 transmission is the same as the subcarrier spacing for PRACH preamble transmission. Therefore, no indication of carrier spacing for Msg3 transmission is required, which simplifies the RACH design.
Proposal 4: For initial random access, subcarrier spacing of Msg3 is the same as that of NB-PRACH. 
2.4 Msg4 and its corresponding NB-PDCCH
In LTE eMTC, after Msg3, the eNB responds with Msg4, the final message in the random access procedure for contention resolution. In eMTC, Msg4 is a unicast transmission scheduled via M-PDCCH, where the M-PDCCH repetition level is determined based on the UE’s PRACH coverage level.
Since NB-IoT Msg4 is also a unicast PDSCH, its behavior can simply follow the design of NB-PDCCH scheduling regular unicast NB-PDSCH. 

3 Conclusions
In this contribution, further considerations on NB-IoT random access are discussed, and the following proposals are provided.

Proposal 1: The Rel.13 eMTC random access procedure is used as a baseline for NB-IoT.

Proposal 2: The NB-PDSCH transport block can contain RAR messages to multiple UEs.
Proposal 3: The NB-IoT RAR indicates a PRB location for Msg3 transmission and a PRB location for NB-PDCCH scheduling Msg3 ReTx and Msg4.
Proposal 4: For initial random access, subcarrier spacing of Msg3 is the same as that of NB-PRACH. 
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