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1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The NB-IOT L2 and L3 are largely derived from E-UTRAN, with simplifications due to support of a limited set of functionalities and necessary adaptations to the new physical layer design.

This document discusses the random access procedure in NB-IOT based on TS 36.300 [2] and TR45.820 [3].
2 Discussion
In NB-IOT, the random access procedure is used for the initial access from RRC_IDLE and also for UL resource request during RRC_CONNECTED or coverage class change.
2.1 RACH configuration
RACH resources are scheduled statically using system information broadcast. Different RACH resources can be allocated for each coverage class.
When a UE performs a random access procedure it has to select a RACH resource to use. The selection of the RACH resource is based on network indication, configuration, and the desired coverage class, which is evaluated according to the information available to the UE, e.g. the received signal quality of PSCH and PBCH.
2.2 Contention based random access procedure
For NB-IOT, contention based random access procedure is used for initial access and coverage class notification in RRC_IDLE mode. The random access procedure for NB-IOT is similar to the random access procedure in LTE. A four message exchange procedure is used for accessing the system and completing the collision resolution. However, the random access procedure needs to be refined to achieve the design objective of NB-IOT of supporting massive number of devices. The detailed procedure is shown as follows:
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Figure 1. Contention based Random Access Procedure
1)
Random Access Request
In LTE, orthogonal preambles are used to carry the RACH request in the first step of the RACH procedure. The number of orthogonal codes is limited; therefore the collision rate between different UEs could be quite high in massive UE deployment scenarios. To comply with the objective of supporting a massive number of devices, instead of orthogonal preamble based RACH request, a short message based random access request is proposed for NB-IOT. As shown in TR 45.820, the message based RACH resource does fulfil the requirements of the NB-IOT capacity [3].
As shown in Figure 1, the Random Access Request is conveyed in a short message, which includes a random number generated by the UE. The random number can be designed to be up to ~ 20bits long, and this can reduce the collisions for different UEs.
In addition, the estimated DL coverage class, BSR and the cause for access are carried in the Random Access Request. The eNB uses the parameters in the Random Access Request to schedule the required uplink resources.
Proposal 1: Use a short message based RACH request, which conveys a random number, to support massive NB-IOT devices. 
Proposal 2: Include an access cause and BSR information in the RACH request to help the eNB in the allocation of the uplink resource. 
2) Random Access Response
The random access response is sent on the PDCCH of the selected coverage class and conveys a reference to the RACH request (e.g. the random number), an UL assignment and a temporary C-RNTI.

For NB-IOT, Time Advance (TA) value is not needed. It has been shown in the physical layer simulations for the narrow band uplink transmission in GERAN study [4] that there is only a negligible uplink performance loss by not supporting uplink TA in NB-IOT.
The eNB can use the access cause and the BSR in the random access request to determine the size of the uplink grant. The temporary C-RNTI will be confirmed after successful contention resolution.
Proposal 3: Time Advance is not necessary during the RACH procedure. 
3) First scheduled UL transmission on UL-SCH
In this step, the UE identity (S-TMSI) is transferred for completion of uplink contention resolution as well as uplink data. The uplink data in step 3 depends on the access cause. For initial access, this is RRC signalling related to the RRC connection establishment.

Proposal 4: Uplink signalling and the NAS UE identity are carried in step 3.

4) Contention Resolution on DL
In this step, a contention resolution message containing the NAS UE id is transmitted, addressed to the temporary C-RNTI. HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the Contention Resolution message. The temporary C-RNTI is promoted to C-RNTI.
For an initial access, as the access cause is provided in the random access request message, it could be possible to establish SRB1 in the step 2 using default configuration as described for NB-CIoT solution in TR 45.820. This would remove the need for RRC Connection Request and RRC Connection setup messages. 
2.3 Non-contention based random access procedure
In NB-IOT, the non-contention based random access procedure is used for requesting uplink resource of for notifying a coverage class change in RRC_CONNECTED mode. As discussed in section 2.2, a message based random access is proposed for NB-IOT. Hence, for the non-contention based random access, a random access with C-RNTI procedure is proposed for NB-IOT. The procedure is shown as follows:
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Figure 2. Non-Contention Based Random Access request
In contrast with E-UTRAN, this procedure only uses one step. The UE transmits a Random Access Request message including its C-RNTI. The access cause and BSR provide information for the eNB to schedule the required uplink resources for the UE. The C-RNTI is a unique UE identifier in the cell, and therefore, the eNB can directly schedule an uplink resource allocation for the UE using the C-RNTI. No contention resolution is needed in this procedure.
Proposal 5: A random access request with C-RNTI is proposed in RRC_ CONNECTED mode.
3 Conclusion

This paper highlights the design principles of the NB-IOT to achieve the objectives of IoT service. The design principles have been adopted by NB-CIoT solution, which is the outcome of the GERAN study item [3].
Proposal 1: Use a short message based RACH request, which conveys a random number, to support massive NB-IOT devices. 
Proposal 2: Include an access cause and BSR information in the RACH request to help the eNB in the allocation of the uplink resource. 

Proposal 3: Time Advance is not necessary during the RACH procedure. 

Proposal 4: Uplink signalling and the NAS UE identity are carried in step3.

Proposal 5: A random access request with C-RNTI is proposed in RRC_ CONNECTED mode.
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