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Data transmission efficiency for Uplink TBFs
1 Introduction

This paper provides some background and insight into the existing TBF establishment procedures for sending uplink data, and in particular investigates the efficiency of transferring relatively small amounts of uplink data, as might be expected for machine-type communications.

This paper focuses on efficiency at the RLC and lower layers – it does not consider any additional inefficiency that would be introduced by the use of higher layer protocols, such as UDP or TCP, IP, or FTP.

2 Background

2.1 Two phase access

The following data flow diagram shows the generic signalling sequence of a TBF established for transferring uplink data to the network and released once the data transfer is completed.
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2.2 One phase access

The following data flow diagram shows the generic signalling sequence of a TBF established for transferring uplink data to the network and released once the data transfer is completed.
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2.3 Comments on the data flow sequences

· A MTC device may require a two phase access (see [2] and [3]) for communicating to the network its MTC-related capabilities and further MTC transfer specific characteristics. A two phase access procedure basically adds 3 to 4 control messages (Packet Resource Request and possibly Additional MS Radio Access Capabilities, Packet Uplink Assignment and Packet Control Acknowledgement) compared to a one phase access procedure (assuming that the network does not request the MS to send its MS RAC in the Immediate Assignment for the one phase access case).

· A two phase access may require the use of the Additional MS Radio Access Capabilities message in addition to the Packet Resource Request as any (new) relevant radio access capabilities would be appended at the end of the MS Radio Access Capability IE (see [3]).

· In case the one-phase access procedure is used, the contention resolution procedure requires that the initial RLC data blocks include the TLLI, and that the network completes the procedure by sending a Packet Uplink Ack/Nack including the TLLI (this message may require an acknowledgement). The additional Packet Uplink Ack/Nack may be omitted in case the TBF is ending in which case the TLLI can be sent in the final Packet Uplink Ack/Nack.

· Intermediate Packet Uplink Ack/Nack messages would be sent (e.g. periodically) for normal RLC operation. These messages would not be required for a small data transfer not exceeding a number of RLC data blocks as the final Packet Uplink Ack/Nack would acknowledge the complete data block sequence of the TBF.

3 Control information overhead evaluation

3.1 Two phase access
	
	RLC/MAC Control data
	RLC User Data
	PFI

	(EGPRS Packet) Channel Request
	(RACH bursts)
	
	

	Immediate Assignment
	1 CCCH block
(23 octets)
	
	

	Packet Resource Request + Additional MS RAC
	2 PACCH blocks
(46 octets)
	
	

	Packet Uplink Assignment + Packet Control Ack
	2 PACCH blocks
(46 octets)
	
	

	N RLC Data Blocks - MCS-1
	33 bits
	22 octets = 176 bits
	1 octet

	N RLC Data Blocks - MCS-5
	39 bits
	56 octets = 448 bits
	1 octet

	N RLC Data Blocks - MCS-9
	50 bits
	148 octets = 1184 bits
	1 octet

	Packet Uplink Ack/Nack (Periodic)
	n PACCH blocks
(n*23 octets)
	
	

	Packet Uplink Ack/Nack + Packet Control Ack (Final)
	2 PACCH blocks
(46 octets)
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3.2 One phase access

	
	RLC/MAC Control data
	RLC User Data
	TLLI/PFI

	(EGPRS Packet) Channel Request
	(RACH bursts)
	
	

	Immediate Assignment
	1 CCCH block
(23 octets)
	
	

	Packet Uplink Ack/Nack + Packet Control Ack (Contention resolution)
	2 PACCH blocks
(46 octets)
	
	

	N RLC Data Blocks - MCS-1
	33 bits
	22 octets = 176 bits
	4 octets / 1 octet

	N RLC Data Blocks - MCS-5
	39 bits
	56 octets = 448 bits
	4 octets / 1 octet

	N RLC Data Blocks - MCS-9
	50 bits
	148 octets = 1184 bits
	4 octets / 1 octet

	Packet Uplink Ack/Nack (Periodic)
	n PACCH blocks
(n*23 octets)
	
	

	Packet Uplink Ack/Nack + Packet Control Ack (Final)
	2 PACCH blocks
(46 octets)
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Assumptions used (for graphs):

· Perfect radio conditions (no retransmissions)

· Network does not request MS RAC during one-phase access

· RACH transmissions + PTCCH transmissions are excluded from the calculations

· No collision on RACH (contention resolution is successful at first attempt)

· Padding within RLC octets is considered overhead

· All data is sent within a single LLC frame

· Only 1 (final) PUAN is transmitted for short transfers (i.e. up to 500 octets here); contention resolution is completed at the end of the TBF.

· Device radio access capabilities transmission requires two messages (Packet Resource Request plus Additional MS RAC).
4 Analysis

The data provided above shows that the control data overhead may exceed by far the user data size for small quantities of data, which are expected to be the case for machine type communication.

It can be seen that the overall control data may represent 80 % or more of the total amount of the transmitted information (control + effective data + padding) when the effective payload is less than 40+ octets (2 phase access) or less than 20+ octets (1 phase access).

A number of observations could be derived from these estimates:

· In case a one phase access is used, the contention resolution requires the inclusion of the TLLI in the first RLC data blocks sent to the network, and in a number of cases (if the TBF requires more than one or two radio block for transporting the data), the transmission of an extra Packet Uplink Ack/Nack by the network confirming the reception of the TLLI, possibly acknowledged by a Packet Control Acknowledgement.
· When the TBF requires at most a few number of radio blocks, the application padding for filling the last radio block of the TBF transporting user data, while not being control information per se, may represent a significant overhead (e.g. the quantity of data is 10 octets, the upper layers headings are stripped out, while MCS-5 is commanded, 46 octets of the payload would be padding in a two phase access scheme).
For possible further investigation:

· The proportion of time for which resources (in particular, USF/TFI addresses) must be reserved, compared with their "useful" duration.
· Impact on battery consumption of low efficiency data transfers.

· When an uplink TBF is established, the network usually pre-allocates a downlink TBF that may not be required depending on the application transmitting the data. Also the usage of extended / delayed TBFs may not be appropriate for short data transfer.

5 Conclusion

This document shows that the overhead of control data required by the operation of a TBF (establishment, contention resolution, release) may exceed by far the user data effective size when only a small amount of data needs to be transmitted, which is one the typical characteristic of MTC devices and smart meters.
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