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1 Introduction

Latency is crucial to improving the user experience of high speed data links. This has been discussed in ref [1]. There are a number of aspects to latency that affect the user:

(1) delays in establishing the link.

(2) end to end delays once the link is established.

The present enhancement deals with item (1), i.e. delays in establishing the link. In particular it examines efficient ways of re-establishing a link which has temporarily been suspended. 

The problem arises that a mobile, which temorarily has no requirement to transmit data on the uplink, and therefore has only a small and possibly intermittent allocation of uplink capacity, suddenly wishes to transmit a quantity of data on the uplink. This may for example occur when the user makes a request for a web page, in which case the mobile needs to repetitively send a “page request” to the network, scan the received object, and possibly send further requests; the faster each request can be transmitted from the mobile, the faster it can be serviced by the network. For a single web page download, many page requests need to be made depending on how many objects are in the page. Each individual request is sent autonomously by the mobile, without prompting from the network, and the network cannot predict the arrival of requests, or whether a further request will be made.

At present the 3GPP standards define the extended uplink TBF mode (TS 44.060 section 9.3.1b), in which an uplink TBF may be maintained during temporary inactive periods, where the mobile station has no RLC information to send. During this time of inactivity the network typically allocates a small amount of uplink capacity to the mobile in order that the mobile can signal the need for uplink resources when it next has a requirement to transmit data on the uplink. Unless the mobile can accurately indicate how many uplink resources it requires at this point, the network either has to allocate more than is needed to minimize any potential delay (in which case other mobiles may be deprived of resources) or ration resources (in which case delay may be unnecessarily large).

It would be desirable at this time for the mobile to accurately indicate how many uplink timeslots it can actually use to transmit rest of the request as rapidly as possible, in order that the base station can accurately assign the correct number of resources.

2  Concept Description

A typical HTTP page request can occupy 350 octets [ref 2]. In GPRS, this is segmented into “RLC” frames. One RLC frame is transmitted per radio block period (i.e. 20ms) on each allocated uplink timeslot. Depending on the coding scheme, the amount of data in each RLC block ranges from 20 to 50 octets in GPRS, and 22 to 148 octets in EGPRS, so to transmit this HTML request requires anything from 3 to 18 RLC frames.

For example, if only 3 RLC frames remain, then the mobile only needs 3 timeslots; to allocate 4 would waste resources. But if 18 RLC frames remain, a class 12 mobile could use all of its maximum of 4 uplink timeslots.

A mobile can tell the network how much data it has to send by sending what is called a PACKET RESOURCE REQUEST. The problem with this is that it takes-up the valuable resource on the uplink and then wait for the network to assign new resources, which is a slow process. 

A more efficient solution would be for the mobile to be able to tell the network exactly how much data it has to send without taking up too much resources and to be able to use the assigned resources very quickly.

2.1  Solution1:  Extend and Redefine meaning of Countdown Value

The proposed solution modifies the definition of the countdown value (CV) contained in the MAC header as defined in 44.060 section 9.3.1. At present the CV does contain an indication of how much data the mobile expects to transmit. However it is computed according to the number of timeslots assigned to the mobile for potential use; the mobile computes the value “as if” all slots assigned for potential use were actually allocated, and on this assumption tells the network how many radio frames would be required to transmit the remaining data. For example, if 4 slots have been assigned per radio frame, and the mobile has 1,2,3, or 4 RLC frames to transmit, then it would take 1 radio frame to transmit the required data, and CV would be reported. It is easy to see that for the small amounts of data typically associated with some types of request it would be inefficient to allocate all the assigned slots. 

In the 3GPP standards at present, computation of CV is as follows:
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where:

TBC =
total number of RLC data blocks currently to be transmitted in the TBF.

BSN' =
absolute block sequence number of the RLC data block, with range from 0 to (TBC - 1).

NTS =
number of timeslots assigned to the uplink TBF in the assignment message, with range 1 to 8.

K =
2 when commanded MCS is MCS-7, MCS-8 or MCS-9, otherwise K=1,


the function round() rounds upwards to the nearest integer.

BS_CV_MAX
is a parameter broadcast in the system information,


the division operation is non-integer and results in zero only for (TBC - BSN' - 1) = 0.

Supposing that 4 uplink timeslots are assigned, and consider different situations where the number of RLC data block needing transmission is small, as shown in the table below. 

	Number of RLC blocks remaining to transmit (TBC- BSN' -1)
	1
	2
	3
	4
	5
	6
	…

	Countdown Value
	1
	1
	1
	1
	2
	2
	…


In this case the CV value is set to 1 unless at least 5 or more blocks remain to be transmitted. But this does not accurately indicate to the network exactly how many timeslots the mobile could actually use, avoiding both excessive (therefore and wasteful) allocation and also deficient allocation. Indeed, to avoid either waste or transmission delay, a class 12 mobile, capable of transmission on 4 uplink timeslots, would ideally be allocated the following number of timeslots during the next radio block:

	Number of RLC blocks to transmit
	1
	2
	3
	4
	5
	6
	…

	Optimal number of uplink timeslots, (ensuring that enough timeslots are allocated and none are wasted)
	1
	2
	3
	4
	4
	4
	…


But when the number of RLC blocks remaining is 1,2,3,4, the CV is reported as 1, so the network cannot determine precisely how many timeslots to allocate.

Therefore a new rule should be defined, which applies when the mobile needs to increase the allocation because a small number of new RLC blocks need to be transmitted. 

In this case CV indicates the number of RLC blocks that need to be transmitted. This special situation is indicated by restricting CV to the presently unused range:

BS_CV_MAX< CV< 15

The number of RLC blocks that the mobile needs to transmit is indicated by the value 

CV- BS_CV_MAX

This value would be in the range 1 to (14- BS_CV_MAX). If the number of RLC blocks to transmit is larger than this, then the existing rule is applied.

The base station interprets the received Countdown Value (CV) and if possible allocates the requested resources as soon as possible. 

For this proposal to work, the BS_CV_MAX value has to be set by the network such that it leaves sufficient code points for the mobile to be able to tell the network precisely how many RLC blocks need to transmitted, provided this is a small number.

2.1.1 Latency issues

Note that there is a minimum latency involved in this: the following sequence of events must take place:

(1) mobile requests additional uplink resource (informing that n RLC blocks should be transmitted, where n is small)- during block B(i).

(2) BS decodes request- during block B(i+1).

(3) BS sets USF to indicate allocate resources- during block B(i+2) at earliest.

(4) BS allocates needed uplink resources- during block B(i+3).

It is possible that the BS is able allocate uplink resources during steps (1), (2) and (3) in which case the resource in (4) should be correspondingly reduced. This might be the case when the network is lightly loaded, in which case the benefit of the current scheme is lessened. However if the network is busy, and MS was not previously transmitting, it is expected that any available uplink resource would be allocated for other mobiles with data to transmit.

2.2 Solution 2 – Introduce RLC/MAC header extension

An alternative solution is to extend the RLC/MAC header so that the MS can indicate to the network exactly how many RLC data blocks it has to send based on the current modulation and coding scheme. The proposal is to use 7 bits to indicate how many RLC data blocks MS has left to transmit and 1 bit for future extention. This means 1 byte will be used for this mechanism and there will be 1 byte less for the data. Due to the inefficiency of this solution it is not considered further.

2.3 Benefits of Solution 1

The benefits of solution 1 are:

· to the user, that data download time during highly interactive sessions would improve.

· to the network operator is more efficient use of uplink resources during multi-slot uplink data transfer with bursty traffic.

· to the mobile there is a battery life benefit by avoiding unnecessary uplink resource allocation which is filled with repeated transmissions

3 Performance Characterization

It is proposed that the following service conditions are considered when considering latency. It is assumed that the user has requested an internet or WAP page. 

In order to evaluate this key parameters must be determined:

· distribution of web page size

· distribution of number of objects and object size

· distribution of page request size

It is proposed that network performance is evaluated in heavily loaded conditions and after download of object will use extended uplink TBF.

User experience is determined by the following:

· total time of download of all objects in page (perceived as response time)

· number up uplink frames transmitted (since this dominates power consumption hence battery life)

Trunking efficiency can also be considered, indicated by the number of users receiving service at a given quality level.

4 Impacts on the Mobile Station

Implementation complexity is low, since this consists of an improvement to an already implemented procedure with complexity comparable to the current procedure.

Legacy mobiles are unaffected.

A new mobile with a legacy base station should ensure that it does not use the procedure above, otherwise information elements with invalid ranges will be generated, therefore the new mobile must ensure the procedure is supported by the network.

5 Impacts on the Base Station Subsystem

Implementation complexity is low, since this consists of an improvement to an already implemented procedure with complexity comparable to the current procedure.

A base station must indicate that it supports this new feature so that new mobiles supporting the feature can invoke it.

6 Impacts on the Core Network

None.

7 Impacts on the Specification

Changes to 3GPP TS 44.060 section 9.3.1.

Possibly other minor changes to signal network capability to mobile (TBA).

8 Conclusion

In the light of the above, it is proposed that the outlined technical enhancement be added to the GERAN evolution technical report, ref [3].
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