3GPP TSG GERAN1-2 Adhoc #2 on FS_IoT_LC
Tdoc GPC150236
Sophia-Antipolis, France
19 – 23 April 2015

Source: 
Qualcomm Incorporated
Title:    
Narrowband OFDMA- MAC PDU and message design
Agenda:
2.4.2.4
Document for:
Discussion and decision
1 Introduction
A narrowband OFDMA concept for GERAN Cellular IoT is described in [1] together with high level MAC procedures for data transfer. This paper provides further detail MAC procedures for data block transfer, including assignment messages, acknowledgement messages and data block structures. 
2 Uplink data transfer procedure

Details of the packet access procedure and contents of the channel request and uplink data transfer is described in [1]. Network may assign uplink packet channel resources in response to the received channel request.  NB-OFDMA frame structure allows for one or more uplink data packets to be transmitted before an acknowledgement is received as depicted in Figure 1 and Figure 2. For this reason uplink assignment and acknowledgement messages are designed to allow transmission of one or more packets before mobile needs to receive ack/nack from the network.
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Figure 1 Example of MAC multi-block transmission
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Figure 2 Example of MAC single block transmission
2.1 Uplink assignment message
Using channel request MS instigates the establishment of an uplink data connection to send its data by sending channel request on the PRACH. In the channel request the MS indicates to the network, the reason for establishing the uplink, the amount of data to be transferred, the sub-coverage class (to assist network selection of appropriate modulation and coding scheme) and a 10/9 bit random number reference identifier (see [1]). This information is utilised by the network to determine the PUSCH configuration for the uplink data connection, such as the coding scheme to use and number of consecutive data segments to transmit before device can expect acknowledgment. The key information elements are shown in Table 1.
Table 1 Example Uplink assignment message  
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	Identifies message

	Access request reference
	10 or 9
	The 10 (or 9) bit random number in the channel request sent to request uplink resources. Note additional bit needed to indicate 10 or 9 bit random reference.

	PRACH resource ID
	8
	This identifies the PRACH resource block where the channel request was received.

	Relative FN offset
	2
	Indicates the number of frames between the frame number that device sent the PRACH and the frame number in which assignment sent to the mobile.
00 same FN

01 1 FN before assignment message frame number
10 2 FN before assignment message frame number
11 3 FN before assignment message frame number

	PUSCH Tone allocation
	7
	First tone of the uplink resource segment

	PUSCH slot allocation 
	8
	First slot of the uplink resource segment

	Relative Starting FN
	2
	Frame offset from the frame number in which the device received the Uplink assignment message to where the resource allocation starts.
00 same FN

01 1 Fame after assignment message frame number

10 2 Frames after assignment message frame number

11 3 Frames after assignment message frame number

	Timing advance 
	5
	

	Number of consecutive data segments to transmit
	3
	Number of consecutive data segments (1 to 8) that the device can transmit before network will send a ack. 

	Coding scheme
	5
	

	Total
	55
	


Note: Allocation of a temporary shorter device ID is FFS.
PRACH related parameters random number, frame number and resource segment within the frame minimizes the chances of contention resolution failure significantly.
2.2 Uplink data segment
On receiving CIoT uplink assignment the device verifies the addressing information and proceeds to transmit uplink data segments according to the allocation it has received and using an uplink data segment which comprises of control header, data payload and CRC. 
Each data segment contains a mandatory control header part and optional control header part as depicted in Table 2. The presence of optional header is indicated by control fields in the mandatory header. The need for optional headers is to add flexibility, optimize data payload and provide a mechanism for requesting more allocation without the need to establish a new uplink from idle state. The mechanism is optimal for sending just one MAC data packet as well as for sending multiple MAC data packets.
All data segments transmitted include mobile identity (TLLI/S-TMSI), for the purpose of contention resolution and for the BS to bind the PLMN ID provided in the mandatory header. 
Option to replace TLLI/S-TMSI with a shorter identity after contention resolution is FFS.
In the case where a device needs to send more data than possible with the allocation, the device sends a request in the last allocated resource block by including the buffer status in the optional header field. It is envisaged this mechanism will get used infrequently as network can assign resources for up to 8 blocks with single assignment.
The number of data octets that can be carried by one MAC block is defined by the modulation and coding scheme assigned by the network.
Table 2 Example MAC Uplink data block structure  
	Mandatory control header (5 octets)
(includes field such as sequence number, last data block, optional header present or not, MS ID)

	Optional control header (1-2 octets)
(length octet, upper layer PDU delimiter, more resources needed)

	Data (variable)


2.3 Uplink data acknowledgement
After the device has transmitted its allocated number of data segments the network will send acknowledgement indicating what has been successfully received and what has not plus any further resource allocation if it’s required.
In the case where a negative acknowledgement is received, then all the unacknowledged data block will be retransmitted starting with the lowest unacknowledged block. Under these conditions the ack/nack will provide the device with the correct amount of uplink allocation to achieve the retransmission. 

In the event where the device indicated it had more data to send the PUAN will provide the device with a further allocation.
On successful completion of the uplink data transfer network will send acknowledgement to signal all sent data received correctly and device can return to idle mode.
Table 4 Example Uplink ack/nack message
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	Address info
	32/40
	TLLI/S-TMSI

	Final ack ind
	1
	Indicates to the MS that uplink transfer has completed and MS should return to idle mode.

	Data segment acknowledgment bit map
	8
	Optional bitmap.

Each bit indicates status of one uplink MAC data block.

	Total
	46/54
	


Note: Use of a temporary shorter device ID is FFS.

2.4 Uplink data transfer failures
In the event the device fails to successfully acquire resource for uplink or fails to successfully deliver all the data packets to the base station then a number of corrective actions possible.
· Mobile station discards upper layer packet and returns to idle.

· Mobile station retries access procedure and data transmission a number of times; if still unsuccessful then discard upper layer packet and return to idle.

· Mobile station retries after some time-out.

Of course it is also possible for some exception reporting mobile may continue to re-try until it is successful of power source depleted.
3 Downlink data transfer procedure

A high level description of downlink data transfer is described in [3]. Network may assign downlink packet channel resources to a device that is in idle mode. NB-OFDMA frame structure allows for one or more downlink data packets to be transmitted before mobile station receives new allocation and each downlink data block can be acknowledged independently. Reception of multiple and single data blocks is depicted in Figure 3 and Figure 4. 
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Figure 3 Example of MAC multi-block reception

[image: image4.emf]PUCCH PDCCH

D

o

w

n

l

i

n

k

 

A

s

s

i

g

n

m

e

n

t

A

c

k

Frame x Frame x+1

PDSCH

D

a

t

a

 

(

F

i

n

a

l

 

b

l

o

c

k

)

PDCCH


Figure 4 Example of MAC single block reception
3.1 Downlink assignment message
In the event that the network has data to send to the mobile station, a downlink assignment will be sent containing the relevant information for the device to receive the data on the PDSCH. The downlink assignment also contains other information such as PUCCH slot index to send ack/nack if acknowledged mode is used. It is assumed that both acknowledged and unacknowledged modes are required on the downlink.

It’s envisaged that size of downlink data will predominately be small and fit within one data segment or a few segments at the most. The mode of operation most suited to this is acknowledge mode where each segment is acked. Furthermore the limitations of the PUCCH payload of (2 bit’s) restricts the device to work in this mode as there is insufficient payload to include a bitmap or sequence number. 
Broadcast service expected to be used when sending same data to 2 or more devices and in this case unacknowledged mode will be used. 
In acknowledged mode mobile station will send ack/nack in the allocated PUCCH slot and for this device will use previous timing advance information (even if it was received a long time ago). It is not possible to start a downlink data transfer session when a device does not have timing advance information.

Table 5 Example downlink assignment content  
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	Addressing
	32/40
	TLLI/S-TMSI

	PDSCH Tone allocation
	5
	First tone of the downlink resource segment.

	PDSCH slot allocation
	8
	First slot of the downlink resource segment

	Relative Starting FN
	2
	Frame offset from the frame number on which the device received the downlink assignment message to where the downlink resource allocation starts

	Coding scheme
	5
	

	PUCCH slot for sending ack/nack
	2
	Relative slot number for sending ack/nack.
00: Unack mode used, no PUCCH allocated

01: 1 slot after last of PDSCH block.

10: 2 slot after last slot of PDSCH block.

11: 3 slot after last slot of PDSCH block.

	Total
	59/67
	


Note 1: PDSCH resource allocations are always in groups of 4 tones.

3.2 Downlink data segment
The downlink MAC data block structure, depicted in Table 5, is same for both acknowledge and unacknowledged mode,
Table 5 Downlink MAC data block structure  
	Mandatory control header (1 octet)
(final segment, sequence number, optional header present or not)

	Optional control header (1-2 octets)
(length octet, upper layer PDU delimiter)

	Data


It is considered downlink data block does not need any identity field as network would allocate downlink resources to one and only one mobile station unlike in GPRS.
3.3 Downlink data acknowledgement
Acknowledgement for downlink data is sent on the PUCCH channel and this channel has 2-bit capacity to carry acknowledgement.  
4 Summary
This document proposes the downlink and uplink MAC data block structures, uplink & downlink assignment messages and uplink & downlink ack/nack messages. The importance of the various fields in assignment and acknowledgement messages is provided. The assignment messages allow flexibility to allocate one or more resource blocks together with modulation and coding schemes. Furthermore, unacknowledged mode for downlink is also supported for such use case as software download. 
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