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NB M2M - Random Access Procedure of MAC Layer
Introduction
General description of random access mechanism of MAC layer in the NB M2M solution for Cellular IoT has been introduced in [1]. More details of this mechanism are provided in this paper.
RACH configuration
UEs need to know the positions of RACH resources before accessing the network. Unlike legacy GPRS, RACH resources for the NB M2M solution can be scheduled either dynamically or statically, via DCI scheduling or system information broadcast. UE chooses one of these resources based on network indication or configuration. 
RACH is mapped onto PUSCH (Physical Uplink Shared CHannel) where Random Access Request, signalling and data are carried [2]. 
In the NB M2M solution different RACH resources are allocated to different coverage classes (i.e. a series of DCI configuration which are associated with different coverage conditions [3]) with the parameters shown in Table 1. The fields of RACH configuration in system information are similar as these. 
Table 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 [4].

	SZ
	Number of slots of RACH is:
2SZ * RACH Allocation Unit (e.g. 80ms). 


Initial random access procedure
In initial random access procedure, the UE will include S-TMSI/TLLI as shown in Figure 1.


Figure 1. Random access procedure with S-TMSI/TLLI/Random Number
· Step 0: the UE decides the coverage class and chooses RACH resource.
Based on the quality of PBSCH (Physical Broadcast and Synchronization Channel), the UE is able to decide which coverage class and RACH resource to be used [3]. As an optimization, UE is allowed to decide applicable power to send access message based on some power parameters broadcasted in system information to reduce power consumption and interference on system.
· Step 1: the UE initiates Random Access Request with S-TMSI/TLLI/Random Number.
Normally the UE will have available S-TMSI/TLLI after successful registration and thus directly including S-TMSI/TLLI can provide contention resolution in one phase procedure. S-TMSI/TLLI are just temporary terminal identities allocated by core network, thus there is no security risk on data transmission. In the case that S-TMSI/TLLI are not available or outdated, an equivalent size random number (which is random TLLI in Gb-based architecture) will be included instead, which will lead to a negligible (1/240 or 1/232) contention occurrence probability, and resolves contention in one phase procedure to reduce signalling overhead.
The Random Access Request message contains 5~6 octets as shown in Table 2.  
Table 2. Random Access Request
	Field
	Size
	Description

	S-TMSI/TLLI/Random Number
	40 bits/32bits
	Temporary terminal identity or equivalent size of random number.

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

	Access Cause
	3 bits
	Random access cause (e.g. emergency, mo-signalling, mo-data, mt-access etc.)


From the sourcing company’s view, the access cause and BSR provide enough information for subsequent data transmission. Regarding to the data itself and assuming the minimum application payload size is 20bytes, the RACH capacity will be seriously decreased. Therefore Random Access Request does not include data information here.
· Step 2: the Base Station schedules DCI
After receiving this Random Access Request message, the base station first sends a DCI to UE which includes RA-RNTI and the specific radio resources for Random Access Response. The RA-RNTI value is linked to RACH resources in frequency and time (e.g. RA-RNTI = 1+ Start Indicator + Channel ID*N, N is a constant), thus all UEs sending Random Access Request in the same RACH resource will receive the same RA-RNTI value. The UE receives the Random Access Response in the allocation defined in the DCI.
· Step 3: UE reads the Random Access Response from the Base Station
The Base Station will include the S-TMSI/TLLI/Random Number carried in the Random Access Request message sent from the UE in the response message, for the purpose of identifying the UE. In addition, a new UE identity C-RNTI will be allocated to the UE for subsequent scheduling and data transmission. The Random Access Response messages for different UEs can be included in one MAC PDU to enhance resource utilization efficiency.
If the S-TMSI/TLLI/Random Number is carried in Step 1, the Base Station sends the same S-TMSI/TLLI/Random Number in Step 3 and the UE checks whether the value is equal to what was sent. If the value matches then the UE can send data via C-RNTI scheduling; otherwise the UE has to resend its Random Access Request as described in Sec 4.
The Random Access Response contains 7~8 octets as shown in Table 3.
Table 3. Random Access Response
	Field
	Size
	Description

	S-TMSI/TLLI/Random Number
	40 bits/32bits
	Temporary terminal identity or equivalent size of random number

	C-RNTI
	20 bits
	Cell Radio Network Temporary Identity


It is also worth mentioning that in the above procedures, Step 2 and Step 3 can be further optimized to reduce signalling overhead, which is under sourcing company’s investigation and will be illustrated further in future meetings.
Subsequent random access procedure
No response
If the base station fails to decode the Random Access Request message or access collision occurs, the base station can’t give any response to UE. A mechanism is designed to allow UE-specific re-attempts to access the network. The details of the mechanism are described as following.
After UE sends a Random Access Request message, it starts to continuously listen to DCI for a period of time Twait_RAR (e.g. a number of DCI intervals). If UE can’t receive any DCI during this period, it will wait for the period defined by Twait_resend (e.g. a number of DCI intervals) and then re-send Random Access Request. If UE has already re-sent Random Access Request messages for several times defined by Ntrans_max, it may try to find another suitable cell. These timer and count parameters can either be configured statically or indicated dynamically by system information.
The procedure is shown in Figure 2.


Figure 2. Procedure with no response
In the second Random Access Request, the UE would either increase power or switch to a worse coverage class. The optimization procedure is shown in Figure 3.


Figure 3. Procedure of optimization
When UE is ready to re-send a Random Access Request based on the procedure in Figure 2, if the transmitting power (Ptrans) of the UE plus a power step (∆P) is lower than the maximum transmitting power (Ptrans_max), UE can increase Ptrans by step (∆P). Else, UE would switch to a worse coverage class if current coverage class (Ctrans) is not the worst one (Cworst). The benefits of increasing power instead of directly switching to a worse coverage class are to reduce power consumptions. The worse coverage class would lead to more times repetition and therefore would have more impact on power consumption, so this way should be considered until the maximum transmission power is reached. 
Random Access Reject
Besides the situation described in Section 4.1, it is also possible that the network is severely overloaded and therefore the mechanism for no response is not sufficient to solve this situation as it would still allow re-transmission for all UEs. In this case, base station needs to send a control message to all UEs to stop re-attempts for a certain time period to alleviate network congestion. The Random Access Reject is used in this case, and this message contains about 1 octet as shown in Table 4.
Table 4. Random Access Reject
	Field
	Size
	Description

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

	Reject Cause
	3 bits
	The reason why the base station rejects this random access (e.g. no resource)


Then the UE should re-send Random Access Request message according to the “Wait Time” in the Random Access Reject without increasing power or changing coverage class. Similarly as Section 4.1, if UE has already re-sent Random Access Request Ntrans_max times, it may try to find another suitable cell.
The procedure is shown in Figure 4.


Figure 4. Procedure when receiving Random Access Reject
Based on the above initial and subsequent flows, the UE can complete the access procedure successfully and start data transmission. It is proposed to adopt these procedures for NB M2M solution.
Conclusion
This paper introduces the specific procedures of initial and subsequent random access procedures for NB M2M solution and proposes to adopt this concept into the TR. 
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