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1 Introduction
TR 45.820 [1] contains description of the NB-OFDMA and NB-M2M concepts for GERAN Cellular IoT. At GERAN #66, a converged solution, which uses components of NB-OFDMA and NB-M2M, was proposed (see [2]). This paper provides design for MAC control messages.
2 MAC control messages
This section defines control messages to carry information such as allocation for data, for acknowledgement or paging. The control messages are designed to support the physical layer defined in [3] and [4].
2.1 Control messages sent on the PDCCH

This section defines example control messages sent from network to mobile stations.

2.1.1 Uplink Assignment in response to RACH

The Uplink assignment message is sent in response to a MS sending an uplink channel request message. The information in the uplink channel request message is utilised by the network to determine the PUSCH configuration for the uplink data connection. The key information elements are shown in Table 1 (for case of response to RACH with Random number) and Table 2 (for case of response to other kind of request).

Table 1 Example Uplink assignment message content in response to RACH 
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	Identifies message

	MS access Identity
	12
	Random number in the channel request 

	PRACH information
	1
	Set to 1 – PRACH information present

	
PRACH frame 
	2
	Frame relative to PDCCH: - 00 = current, 01 = previous, 10 = 2 frames ago, 11 = RFU

	
PRACH start position
	5
	RACH position in fame 0.. 31, 40 ms slot

	PUSCH sub-carrier 
	6
	

	PUSCH Start position 
	8
	Start position of the uplink resource from the end of the PDCCH with a granularity of one slot. 
8 bits allows for 2.56 s 

	PUSCH MCS 
	4
	MCS index

	PUSCH CBS 
	5
	CBS index

	VR
	1
	V(R) value of the MAC PDU to be expected to be received by BS.

	C-RNTI
	20
	C-RNTI assignment

	Total
	69
	


Table 2 Example Uplink assignment message content with C-RNTI/TLLI/S-TMSI 
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	Identifies message

	MS access Identity
	20/32/40
	C-RNTI (if available), TLLI/S-TMSI otherwise

	PUSCH sub-carrier 
	6
	

	PUSCH Start position 
	8
	Start position of the uplink resource from the end of the PDCCH with a granularity of one slot = 10ms

2^8 =256  slots, 2.56 s range 

	PUSCH MCS 
	4
	MCS index

	PUSCH CBS 
	5
	CBS index

	VR
	1
	V(R) value of the MAC PDU to be expected to be received by BS.

	Total
	49/61/69
	


2.1.2 Uplink access reject message

The Uplink access reject message is used to manage network congestion. In the event of a congestion the network can send a reject with a wait indication which terminates the current access and prohibits the MS from performing another access procedure for a given period of time.

Table 3 Example Uplink access reject message 
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS access Identity
	12/20
	Random Id/ C-RNTI

	PRACH frame 
	2
	PRACH frame

Frame relative to PDCCH: - 00 = current, 01 = previous, 10 = 2 frames ago, 11 = RFU

	PRACH start position
	5
	RACH position in fame 0.. 31, 40 ms slot

	Wait time 
	5
	Duration in number of frames before MS can make another attempt to access.

	Total
	29/37
	


2.1.3 Uplink Acknowledgement message

The Uplink ack message is sent to the MS to indicate a positive or negative acknowledgment of the last transmitted data block. 
In the event that of a negative acknowledgment the network will provide a new uplink allocation for the MS to retransmit the un-acknowledgment data.
In the event of a positive acknowledgment and the MS has more data to send the network will provide a new uplink allocation for the MS to transmit the remaining data.
In the event of a positive acknowledgment and the MS has no more data to transmit the MS enters RPR more.

Table 4 Example Uplink ack/nack message
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	Address info
	20/32/40
	C-RNTI/ TLLI/S-TMSI

	C-RNTI assignment present
	1
	

	C-RNTI assignment 
	20
	Optional

	VR
	1
	V(R) value of the MAC PDU to be transmitted by the MS.

	Total
	47/59/67
	


2.1.4 Downlink assignment message

In the event that the network has data to send to the MS, a downlink assignment will be sent containing the relevant configuration information for the device to receive the data on the PDSCH..
Table 5 Example downlink assignment content  
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS ID
	20/32/40
	C-RNTI/TLLI/S-TMSI

	PDSCH sub-carrier 
	6
	

	PDSCH start position
	9
	Start position of the downlink resource from the end of the PDCCH with a granularity of one slot = 5ms

2^9 = 512 slots, 2.56 s range

	PDSCH MCS
	4
	MCS index, 0..10

	PDSCH CBS
	4
	CBS index, 0..13

	VS
	1
	V(S) value of the MAC being transmitted by the MS.

	Total
	49/61/69
	


2.1.5 Paging message

In the event that the network has contact the MS, a paging message can be sent containing the relevant information for the device to respond. 
Table 6 Example paging message content  
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS ID
	32/40/60
	TLLI/S-TMSI/ IMSI

	Total
	37/45/65
	


3 Summary
This document provides example key control messages to support uplink and downlink data transfer. MAC control message design is similar to that defined in [1] for NB-OFDMA but extended to incorporate information needed for the converged physical layer design. It is proposed to include details of the system information in the TR and a companion pCR is provided in [5].   
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