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pCR 45.820 NB-CIoT – RACH procedures 
1 Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

This document provides a text proposal for the RACH procedures for the Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions [2], for inclusion in TR 45.820 [3]. 

2 Proposed text for the TR
	First change


7.3
Narrowband Cellular IoT (NB-CIoT)
7.3.4
Link layer aspects

7.3.4.5

Random access procedure
7.3.4.5.1
RACH configuration
RACH resources are scheduled statically using system information broadcast. Different RACH resources are allocated for each coverage class. The MS chooses a RACH allocation based on network indication, configuration, or desired coverage class. RACH is mapped onto PUSCH.
When a MS performs RACH it has to select a RACH resource to use.  The selection of the RACH resource is based on information available to the MS, including the received signal quality of PSCH and PBCH
7.3.4.5.2
Random access procedure with random number
When the MS is not in connected mode, it can initiate a random access procedure with a random number. 
This procedure performs several operations:

· establishes a radio connection between the MS and the base station, 
· transfers the MS identity and the first uplink MAC PDU, 

· can assign a connection identifier C-RNTI to be used for PDCCH messages from the base station for the MS, including uplink and downlink allocations, and
· performs contention resolution.

An overview of the procedure is shown in Figure 7.3.4.5-1.
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Figure 7.3.4.5-1 Random access with random number contention resolution procedure 
The MS transmits a Random Access Request message to the base station to initiate the random access procedure with random number.  The MS transmits a random number, access cause, coverage class for PDCCH, and BSR when transmitting a Random Access Request, and then monitors PDCCH for a response from the base station.  The base station uses the parameters in the Random Access Request to schedule the required uplink resources.

When the base station receives a Random Access Request message it responds with an Uplink Resource Allocation PDCCH message.  The Uplink Resource Allocation message contains the random number from the Random Access Request, RACH resource identification of the RACH resource used for the Random Access Request message and an uplink allocation.  

The MS receives the Uplink Resource Allocation PDCCH message and compares the contents with the random number and RACH resource used to transmit Random Access Request.  If the random number and identification of the RACH resource matches then the base station has responded, otherwise the MS continues to decode PDCCH messages looking for a response. 

The MS then transmits a MAC PDU containing its identity (e.g. TLLI or S-TMSI) and higher layer data or signalling in the uplink allocation.  After transmitting in the uplink allocation, the MS continues to monitor PDCCH.

The base station responds to the uplink transmission with an Ack/Nack PDCCH message. The Ack/Nack message confirms reception of the uplink MAC PDU containing the MS identity.  The MS verifies the received Ack/Nack message contents and if the received identity matches the identity MS sent in the uplink packet then contention resolution has completed successfully. 

During the random access with random number procedure, a C-RNTI value can be assigned to the MS in the Uplink Resource Allocation message and confirmed in the Ack/Nack message. After the Ack/Nack message the C-RNTI can be used to address the MS in all subsequent control messages.

If the random access procedure fails then the MS waits for a period of time before transmitting another Random Access Request. When the MS transmits a new Random Access Request message, the MS may increase the transmit power or switch to a different coverage class.
7.3.4.5.3
Random access procedure with C-RNTI
The MS uses this procedure to request uplink PUSCH resources when it has a valid C-RNTI. An overview of the procedure is shown in Figure 7.3.4.5.2.
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Figure 7.3.4.5-2 Random access procedure with C-RNTI

The MS transmits a Random Access Request message including its C-RNTI. The access cause and BSR provide information for the base station to schedule the required uplink resources for the MS. The C-RNTI is a unique MS identifier in the cell, and, therefore, the base station can directly schedule an uplink resource allocation for the MS using the C-RNTI.  

7.3.4.5.4
Random access request
The fields of the Random Access Request message are shown in Table 7.3.4.5-1.

Table 7.3.4.5-1: Random Access Request Fields

	Field
	Description

	Type
	Random access type (i.e. with random number or with C-RNTI)

	MS Identity
	Random number or C-RNTI

	BSR
	Buffer Status Report: Level of uplink data buffered in the MS.

	Access Cause
	Random access cause

	Coverage class
	Coverage class for PDCCH

	Uplink MAC PDU V(S)
	Uplink V(S) value of MAC PDU MS is requesting access to transmit.  Only used with random access with C-RNTI procedure.


	End of first change
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