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Proposed Text for the TR on NB M2M Random Access Procedure
Introduction
A new study item named Cellular IoT was approved at GERAN#62 (see [1]). Random access procedure is basic function to allow UEs access network. This procedure has been proposed in [2]. This document contains a text proposal for the Cellular IoT TR on random access procedure of MAC layer of the NB M2M solution which is the result of consolidating [2].
Proposed text for the TR
	First Change


7.1	Narrow Band M2M (NB M2M)
[bookmark: _Toc397026297]7.1.4	Link layer aspects
7.1.4.x 	Random access procedure
7.1.4.x.1 RACH configuration
RACH resources are scheduled either dynamically or statically, via DCI scheduling or system information broadcast and different RACH resources are allocated to each coverage classes. UE can select the RACH resource according to its access type. Then the UE chooses one of these resources based on network indication, configuration or desired coverage class. RACH is mapped onto PUSCH.
The parameters of RACH configuration in DCI are shown in Table 7.1.4.x-1.
Table 7.1.4.x-1. Major Fields of RACH configuration in DCI
	Field
	Description

	MCS
	The MCS that the UE shall use when transmitting in the RACH allocation. 

	Channel ID
	The identity of uplink PHY channel.

	Start Indicator
	Start position of the RACH allocation.

	SZ
	Number of slots of RACH is:
2SZ * RACH Allocation Unit. 


The parameters of RACH configuration in system information are shown in Table 7.1.4.x-2.


Table 7.1.4.x-2. Major Fields of RACH configuration in system information
	Field
	Description

	MCS
	The MCS that the UE shall use when transmitting in the RACH allocation. 

	Channel ID
	The identity of uplink PHY channel.

	RACH index
	Indicating RACH resource density in each super frame.
(RACH resources distribute by equally space in each super frame, and every RACH resource has only one RACH Allocation Unit.)



7.1.4.x.2 Random access procedure with random number
When UE hasn’t attached to the network or hasn’t connected to the Base Station, the UE can initiate random access procedure with random number. This procedure allows the UE to obtain a radio connection indicator C-RNTI from the base station and establish a radio connection with the base station to transfer data between the UE and the base station. An overview of the procedure is shown in Figure 7.1.4.x-1.


Figure 7.1.4.x-1. Random access procedure with Random Number
· Step 0: the UE chooses a coverage class and RACH resource.
Based on the quality of PBSCH, the UE is able to decide which coverage class and RACH resource to use.
· Step 1: the UE transmits a Random Access Request message.
The UE selects a Random Number (e.g. 20bits) which is transmitted in the Random Access Request message and it is used to resolve contention in the one phase procedure.
The main fields in Random Access Request message are shown in Table 7.1.4.x-3.
Table 7.1.4.x-3. Random Access Request
	Field
	Description

	Type
	Random access format type

	Random Number
	Random number

	BSR
	The uplink data buffer status indicating the range of uplink data bytes in UE.

	Access Cause
	Random access cause


· Step 2: the base station schedules RACH response allocation
· After receiving the Random Access Request message, the base station sends a DCI which includes RA-RNTI and the specific radio resources for the Random Access Response. The RA-RNTI value is linked to RACH resource by frequency to indicate the channel of RACH resources. Therefore all UEs transmitting a Random Access Request in the same channel will use the same RA-RNTI value. Step 3: UE receives the Random Access Response
The Random Access Response assigns C-RNTI values to the UEs. The Random Access Response message can contain Random Numbers from the Random Access Request messages transmitted by UEs and a C-RNTI value for each Random Number and Start Indicator indicating the time information of RACH resources with same meaning as in RACH configuration.
The UE receives the Random Access Response message in the allocation defined in the DCI, locates the Start Indicator of RACH resource it used and Random Number it transmitted and then stores the C-RNTI value associated with its Random Number. The C-RNTI values are used by the base station for scheduling uplink and downlink resources for the UEs.
The main fields of Random Access Response message are shown in Table 7.1.4.x-4.
Table 7.1.4.x-4. Random Access Response
	Field
	Description

	Random Number
	Random number

	C-RNTI
	Cell Radio Network Temporary Identity

	Start Indicator
	Start position of the RACH allocation.


The Twait_RAR timer defines the maximum time the UE waits for the Random Access Response message for it after the UE transmitted Random Access Request message. The timer is started after the Random Access Request message is transmitted.
7.1.4.x.3 Random access procedure with C-RNTI
When UE has connected to the Base Station, it has C-RNTI allocated by the Base Station. If UE has been allocated a C-RNTI and the C-RNTI is available, it can access network by C-RNTI. An overview of the procedure is shown in Figure 7.1.4.x-2.


Figure 7.1.4.x-2. Random access procedure with C-RNTI
· Step 0: the UE choose a coverage class and RACH resource.
UE can choose RACH resource according to current coverage class and chooses the transmit power same as the last Random Access Request message.
· Step 1: the UE transmits a Random Access Request message.
C-RNTI is included in Random Access Request, and the access cause and BSR provide information for the base station to schedule the required uplink resources for the UE. C-RNTI is a unique UE identifier in a cell therefore the base station can directly schedule uplink resource with C-RNTI for UE to transmit uplink data. The major fields of the message are shown in Table 7.1.4.x-5.
Table 7.1.4.x-5. Random Access Request with C-RNTI
	Field
	Description

	Type
	Random access format type

	C-RNTI
	Cell Radio Network Temporary Identity

	BSR
	The uplink data buffer status indicating the range of uplink data bytes in UE.

	Access Cause
	Random access cause


7.1.4.x.4 Failure recovery procedure
7.1.4.x.4.1 No response to Random Access Request
If the base station fails to decode a Random Access Request message or an access collision occurs, then the base station is unable to provide a response for the UE.
If the UE does not receive response to its Random Access Request before the timer Twait_RAR expires then the UE waits for a random period of time between 0 to Twait_resend before transmitting another Random Access Request. The Twait_RAR and Twait_resend timer values can be statically configured or broadcast by the base station in its system information. As for Random Access Request with C-RNTI, if UE does not receive a DCI with uplink allocation for it from the base station, the same timer Twait_RAR is used to trigger Random Access Request re-transmission, and the consequent procedure is the same as Random Access Request with random number.
The procedure is shown in Figure 7.1.4.x-3.


Figure 7.1.4.x-3. Procedure with no response
When the Random Access Request message is resent, the UE may increase power or switch to a different coverage class.
The maximum number of Random Access Request attempts a UE may perform in a random access procedure is limited. The counter Ntrans_max is initialized on the first transmission of the Random Access Request and incremented for each subsequent transmission. If the counter reaches a maximum value the UE may select another cell. The maximum value of the counter can be statically configured or broadcast by the base station in its system information.
7.1.4.x.4.2 Random Access Reject
In the case that the base station is overloaded, base station can send a Random Access Reject message to all UEs to stop Random Access Requests re-attempts to help alleviate network congestion. The main fields of Random Access Reject message are shown in Table 7.1.4.x-6.
Table 7.1.4.x-6. Random Access Reject
	Field
	Description

	Wait Time
	The period after which the UE is allowed to re-send Random Access Request message

	Reject Cause
	The reason why the base station rejects this random access


If the UE receives a Random Access Reject message it must delay for at least “Wait Time” before resending a Random Access Request to the base station. When the UE resends a Random Access Request it can use the same coverage class and transmit power as the last Random Access Request message it sent to the base station.
If the Ntrans_max counter has reach its maximum value then the UE may selection another cell.
As for Random Access Request with C-RNTI, the base station can send MAC control message to release radio resource when it is overloaded. Then random access procedure with random number will be used by UE to re-access network.
The procedure is shown in Figure 7.1.4.x-4.


Figure 7.1.4.x-4. Procedure when receiving Random Access Reject

	End of Changes
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