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Discussion Paper: Benefit of Reduced TTI

1 Preface

Methods of reducing TTI from the present value of 20ms to either 10ms or 5ms have been described in ref [2] [3]. There has been some question about whether a latency reduction of 10ms would produce a noticeable improvement to the user. The present document provides positive evidence that in certain common use cases, there would indeed be a useful improvement.

2 Introduction

There are number of email protocols defined, including X400, IMAP, and POP (ref [2]). Of these, the widest used are POP and IMAP. This document considers some performance issues of the POP3 protocol. First the use case of a user downloading email headers from a server is considered. Then the use case of a user downloading email content is considered. 

2.1 Download of Email Headers

Initially the user is able to download the message headers, in order to quickly decide which emails should be downloaded in their entirety.

Assumptions are as follows:-

	Item
	Value
	Note

	Coding Scheme on downlink
	MCS-8 or MCS-9
	permits at least 130 octets/ MAC PDU

	Timeslot allocation
	4 down, 1 up
	

	E-mail download protocol
	POP3
	

	Average message header size
	500 octets
	Including prototol overhead. Requires 1 RLC frame period @ 4 slots


The POP3 command sequence used to download message headers is defined in ref [1], of which the following is an illustration (C: indicates command from client, S: response from Server):-

C: TOP 1 2

S: +OK

<the POP3 server sends the headers of the message, a blank line, and the first 2 lines of the body of message 1>

C: TOP 2 2

S: +OK

<the POP3 server sends the headers of the message, a blank line, and the first 2 lines of the body of message 2>

… etc

Assuming that there are N email messages, the number of application layer message and radio data transfer time Ttrnsf is as shown below:

	Message
	Size
	Time/msg
	Number
	Total Time

	TOP command from client
	small
	20ms
	N
	N( 20ms

	response to TOPfrom server
	500 octets
	20ms
	N
	N( 20ms

	Total ( Ttrnsf )
	
	
	
	N( 40ms


The number of synchronous application protocol turnarounds (i.e. events where an application level transmitter has to wait for a response before proceeding), is denoted, Pt and:

Pt = 2N

That is, between the TOP and the subsequent response there is one synchronous turnaround event, as the client waits for the server to respond. Then there is another turnaround event before the client sends the subsequent TOP command, and so on.

2.1.1 Existing value of 20 ms TTI

Assuming the availability of high speed broadband links, it is assumed that transaction time is dominated by the radio interface. The minimum transaction time on the radio interface is computed by:

(time for data transfer Ttrnsf)+ (minimum protocol turnaround time)

= N ( 40ms + Pt ( (minimum wait for next RLC block period)

= N ( 40ms + 2N ( 20ms

For 100 email message headers, this yields 8 sec.

2.1.2 Advantage of 10 ms TTI

In this case minimum wait for next RLC block period is 10ms. Minimum transaction time is:-

= N ( 40 ms + 2 N ( 10ms

For 100 email message headers, this yields 6 sec

From the point of view of the user, the waiting time is reduced by a perceptible 25%.

2.2 Download of Email Content

After the download of the email headers, the client typically downloads the emails. This may take place in the background, allowing the user to examine the headers for priority. Nevertheless, the faster this can be done the better.

Assumptions are as follows:-

	Item
	Value
	Note

	Coding Scheme on downlink
	MCS-8 or MCS-9
	permits at least 130 octets/ MAC PDU

	Timeslot allocation
	4 down, 1 up
	

	E-mail download protocol
	POP3
	

	Average message download size
	3000 octets
	Including prototol overhead. Requires 1 RLC frame period @ 4 slots


In order to very large messages blocking smaller ones for unlimited periods of time, it is assumed that some stragtegy is adopted such as limiting the download message size. Other strategies may be used, for example modifying email content at the server to suit mobile device characteritics. Therefore in this analysis the time taken to download a set of messages of average size 3000 octets is considered.

The POP3 command sequence used to download messages is illustrated in ref [1], of which the following is an extract (C: indicates command from client, S: response from Server):-

C:    RETR 1

S:    +OK 120 octets

S:    <the POP3 server sends message 1>

S:    .

C:    DELE 1

S:    +OK message 1 deleted

C:    RETR 2

S:    +OK 200 octets

S:    <the POP3 server sends message 2>

S:    .

C:    DELE 2

S:    +OK message 2 deleted


(etc, repeated once for each message)

C:    QUIT

Assuming that there are N messages, the number of application layer message and radio transmission time is as shown below:

	Message
	Size
	Time/msg
	Number
	Total Time

	RETR from client
	small
	20ms
	N
	N( 20ms

	response to RETR from server
	3000 bytes
	120ms
	N
	N( 120ms

	DELE from client
	small
	20ms
	N
	N( 20ms

	response to DELE from server
	small
	20ms
	N
	N( 20ms

	Total
	
	
	
	N( 180ms


The number of synchronous application protocol turnarounds (i.e. events where an application level transmitter has to wait for a response before proceeding), is denoted, Pt and since there are 2 commands and 2 responses sent per email:

Pt = 4N
By the same reasoning as above, the time to receive 100 message would be the following:

At 20ms TTI: 26 sec

At 10 ms TTI: 22 sec (15% improvement)

At 5 ms TTI: 20 sec (23% improvement)

3 Conclusion

In this document we have demonstrated the advantages of reduced TTI in the context of the widely implemented use case of POP3 download of message headers.

· Reduction of TTI from 20ms to 10ms produces a perceptible improvement of about 25%.

· Reduction to 5ms would give a further advantage, leading to a 37% improvement.

For POP3 download of message content, assuming average size is 3000 bytes, the improvements are 15% and 23% respectively.

Since this reduction significant and is compatible with several other techniques proposed for GERAN Evolution, it is recommended that a work item is initiated to progress the standarization of this concept.
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