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1. Introduction

This document discusses the streaming traffic class PDP context and the related radio resource reservation. To illustrate the issue two case examples with video streaming application are presented. As a reference, typical functionality of interactive and background traffic class PDP contexts is presented.

2. Background

With interactive and background traffic class PDP contexts, the radio resources are reserved as on demand basis and released based on inactivity detection mechanism residing in the network. In this approach, the PDP contexts and RABs are maintained active, but the radio resource allocations are controlled according to activity in packet data transfer. 

When a UE in Cell_PCH or URA_PCH states wishes to transfer data in uplink direction it will perform normal access and send a Cell Update, which leads eg. to Cell_DCH. During data transfer, the RNC monitors the connection and when data transfer ceases, typically after short inactivity, the RRC state is changed to Cell_FACH and further to Cell_PCH. 

Similar inactivity detection based approach should be used for streaming traffic class PDP contexts as well, as there are cases where such functionality is needed and also well justified. The following section presents example cases where such inactivity/activity based control of radio resource allocations is useful. 

3. Streaming client and ‘pause’ mode

Mobile subscribers using streaming client, have earlier experience of streaming players from PC environment. In those streaming player applications, the user may temporarily stop the stream by pressing the pause button. Later, when the user wishes to continue the media stream, an end user action is required, i.e. pressing play and releasing pause.

Prior to having used any streaming clients in PC environment, the end users have experience of CD-players, VCRs and DVDs. With all these equipment, the content can be put to pause, and an end user action is required, either to go on playing the media or to quit it. In fact this functionality has become de facto, and has therefore been inherited to PC and Internet environment.

Similarly, the experienced and learnt functionality of controlling the media has been inherited to mobile devices. The same principles and functionality should be used with streaming players in mobile networks. Similarly as with CD players or PC Streaming clients, the end user may at any time or by any reason, pause the media content reception. Also at any moment later, to continue the reception of streaming media, an end user action should be expected and assumed. 

To align the mobile streaming applications with earlier streaming devices in PC and home environment, the underlying radio and core networks will also have to be considered. The system will have to support the intended functionality in a flexible and reasonable way. One specific area, where flexibility is needed, is the control of radio resources of active PDP contexts. Let’s consider two streaming use cases, where stream is paused, but which both lead to slightly different control mechanisms in the network.

Assumptions for streaming client in pause scenario

· Video clip with length of 10 minutes

· 64 kbit/s DCH channel 

Case example 1: Video streaming and CS call

An end user is watching a video clip, selected from video clip server. The video has been playing for two minutes when circuit switched call arrives. As it is not useful to play the video during the call, the video is paused. The streaming client sends a RTSP PAUSE command to the server. 

While the stream is in pause, there is generally no signalling nor data conveyed between the server and the streaming client (RTCP reports sending may be inhibited in both the client and the server). Now if the circuit switched call lasts for e.g. 10 minutes, the video stream has been in pause during all that time. During the CS call there is no need to maintain the radio resources for the video stream, but rather the resources should be released. Having a 64 kbit/s totally unused channel reserved for 10 minutes may also have an impact on subscriber’s charging. On the other hand, during this long inactivity, the operator could allocate the valuable resources to other subscribers. 

The release of the resources could be made similarly as with interactive and background traffic classes, based on inactivity detection. In case of long inactivity, the radio resources allocated to that streaming context would be released. The inactivity detection timer should be long enough not to cause unnecessary buffer underflow of the ongoing media stream. E.g. 30 sec of monitored inactivity could be a trigger to release the radio resources. 

In this example, after 10 minutes, the CS call is finished, and the media streaming can continue. Following the learnt human experience, an end user action is required to press the ‘continue’ key. This end user action should then trigger the resource re-activation process.

Case example 2: Video streaming paused due to other reason than concurrent CS call

As another example, the ongoing video stream may be paused due to other reason than incoming CS call, eg. answering the doorbell, interruption by other person, PSTN call et cetera.

The stream is paused after two minutes of streamed video, while there is still 8 minutes of video left. It is possible that the action that interrupted the video streaming would take long time e.g. from minutes to hours. Further it is possible that the end user forgets the video stream as the handset was left on the living room table. The 64 kbit/s channel is continuously allocated to the user.

Also in this case, the activity of connection should be monitored and the system should release the radio resources after a certain time of inactivity. 

Difference of case examples from system point of view:

The difference between these cases is that they require slightly different procedures from network to perform the release of radio resources. In the first example the interruption is caused by incoming CS call, in which case the RRC state can’t be changed from DCH but rather e.g. resource reconfiguration is needed. In the second example, the interruption is caused by an external reason, in which case the resources could be released by changing the RRC state from DCH to FACH and further to PCH, similarly as typically performed with interactive and background traffic classes.

Resource release and direction of data transfer

The examples above presented typical streaming cases with asymmetric nature of streaming bearer. In real life the streaming bearer may be asymmetric of any direction or symmetric, but from functionality point of view there is no difference. The system should monitor usage of both UL and DL radio resources and release those in case of inactivity. In downlink it is easier for RNC to monitor the data transfer, as RNC knows the status of its transmission buffers, as compared with the case of uplink direction where the status of UE’s buffers is not necessarily known. In this case the traffic volume reporting could be utilized.

Release of radio resources and QoS principles

The main differences with interactive, background and streaming traffic classes in respect of QoS are that for streaming traffic class certain parameters are negotiated with the system. These are e.g. guaranteed bit rates and transfer delay. The purpose to negotiate these parameters is to ensure good end user perception and functionality of applications e.g. in this case the streaming player. In addition to the end user perception, also system efficiency will have to be considered. Guaranteed bit rates are requested to ensure that bandwidth provided for the connection is sufficient to enable robust functionality of an application. Similarly with transfer delay attribute, its purpose is to control the connection such that reception of data stream can be performed without unintentional breaks caused by underflow of jitter buffer.

From the end user perspective, the release of radio resources is beneficial. When releasing the pause, the resources will be re-allocated and stream will continue from the point where it was paused. When re-allocating the resources, the streaming application will perform initial buffering and stream will continue without additional breaks. The transfer delay attribute as requested will thereafter guarantee that no buffer underflow should take place while the guaranteed bit rates ensure that bandwidth for the connection is sufficient.

The QoS principles are defined to provide good end user perception but also efficient and flexible use of system resources. Using inactivity detection also for streaming traffic class complies fully with these requirements. 

Considerations on handset power consumption

In WCDMA, the resources on radio layer are reserved in “circuit switched” manner. Considering the examples presented in this document, if the resources on radio are maintained reserved even in case of long inactivity, it will have direct impact on operating times of WCDMA handsets. As compared with GERAN, where the resource allocation uses TDMA based approach, but in addition the inactivity is considered in usage of radio resources. For WCDMA to provide equal performance, unused radio resources should be released based on detection of inactivity.

Radio resource allocations in GERAN

In GERAN, the resource reservations at radio are based on both data transfer activity and timers. At the air interface, the TBF procedures of RLC are controlling the reservation of physical resources. If either network or UE has nothing to be transferred, the TBFs will be released, and no actual capacity is reserved. In addition to TBF procedures, for streaming traffic class, there is BSS Packet Flow Context (BSS PFC) timer, which controls the QoS. The BSS PFC timer setting is configurable, but shall be shorter than MM READY timer of a network. While the BSS PFC timer is active, but no TBF for particular UE exists, the PCU is able to allocate the resources to other users, excluding however users with GBR requirements. This way, resources are not physically reserved during BSS PFC active, but they are preliminary reserved. When BSS PFC ceases, no physical resources nor preliminary reservations for UE are reserved. In case of new request, the BSS PFC procedure will have to be re-initiated.

By supporting the inactivity detection of streaming traffic, the functionality of UTRAN would be aligned with GERAN. This is seen as a major benefit from mobile streaming application point of view.

4. Conclusions

In case of interactive and background traffic classes, the usage of resources is typically monitored by inactivity detection. If the radio resources are not actively used, they are released either by changing the RRC state to FACH and further to PCH or in case that CS call exists e.g. by reconfiguring the resources. Similar approach should be utilized also for streaming traffic class PDP contexts.

With the inactivity detection and release of unused radio resources for streaming traffic class, the system would 

· Allow the de facto media control functionality in the mobile streaming applications 

· Align UTRAN functionality with GERAN
· Enable efficient use of BW limited system resources

· Enable better operating times of handsets

5. Proposal
It is proposed to clarify that the UTRAN should release the radio resources based on detection of inactivity in case of background, interactive and streaming traffic classes. It is proposed to include instructions of the intended behaviour to TR 25.922 "Radio resource management strategies".
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7
Radio Bearer Control

7.1
Usage of Radio Bearer Control procedures

Radio Bearer (RB) Control procedures are used to control the UE and system resources. This subclause explains how the system works with respect to these procedures and how e.g. traffic volume measurements and/or inactivity timers could trigger these procedures. In order to optimize the system resources and the UE battery consumption, UTRAN should use the traffic volume measurements and/or inactivity timers in Streaming, Interactive and Background traffic classes.
7.1.1
Examples of Radio Bearer Setup

In order to set up a new RB, a RRC connection must have been established, and some NAS negotiation has been performed. The RB Setup message comes from UTRAN and depending on the requirement of the service a common or a dedicated transport channel could be used. In the example below the UE is using a common transport channel for the RRC connection and stays on the common transport channel after the RB setup.

However, transport channel parameters such as transport formats and transport format combinations are configured not only for the used common transport channel, but also for dedicated transport channel for future use.

All physical parameters are the same before and after the RB setup in this example.
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Figure 7‑1: Configuration of L2 in the UTRAN DL before and after the RB setup

Detailed examples of messages exchange and parameters used are reported in Annex B, Subclause B.1.

7.1.2
Examples of Physical Channel Reconfiguration

This RRC procedure is used to reconfigure the Physical channel and can by that also trigger Transport channel type switching.

Below several examples of Physical Channel reconfigurations are shown, triggered by different amount of UL or DL data.

7.1.2.1
Increased UL data, with switch from RACH/FACH to DCH/DCH

A UE that is in the RACH/FACH substate can transmit a small amount of user data using the common transport channels. For larger amounts it is more appropriate to use a dedicated transport channel. Since each UE doesn't know the total load situation in the system UTRAN decides if a UE should use common transport channels or a dedicated transport channel.

The monitoring of UL capacity need is handled by a UTRAN configured measurement in the UE. When the Transport Channel Traffic Volume (equivalent to the total sum of Buffer Occupancies of logical channels mapped onto the transport channel) in the UL increases over a certain threshold the UE sends a measurement report to UTRAN. This threshold to trigger the report is normally given in System Information, but UTRAN can also control the threshold in a UE dedicated Measurement Control message.

Since, UTRAN has the current status of the total UL need it can decide which UEs that should be switched to a dedicated transport channel. If UTRAN has pre-configured the transport formats and transport format combinations to be used on the dedicated transport channel for the UE, a Physical channel reconfiguration procedure could be used to assign dedicated physical resources.

The spreading factor for the physical channels assigned then give, which transport format combinations that are allowed to use.
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Figure 7‑2: Configuration in the UTRAN UL before and after the Physical channel reconfiguration

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.2.1.

7.1.2.2
Increased DL data, no Transport channel type switching

If the Transport Channel Traffic Volume increases above a certain threshold in the network the UTRAN can do a physical channel reconfiguration. Here the UE uses a dedicated transport channel, and this procedure is used to decrease the spreading factor of the physical dedicated channel. This way this variable bitrate service increases the throughput on the downlink.

A variable bitrate service that has large traffic variations should have transport formats and transport format combinations defined for lower spreading factors than currently used on the physical channel. Then after the physical channel reconfiguration that lowers the spreading factors these transport formats and transport format combinations could be used to increase the throughput for this user.

However, if the transport formats and transport format combinations have not been previously defined to support a lower spreading factor, a Transport channel reconfiguration must be used instead in order to get any increased throughput.

Only downlink physical parameters are changed here since the uplink in this scenario doesn't need to increase its capacity.

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.2.2.

7.1.2.3
Decrease DL data, no Transport channel type switching

Since downlink channelisation codes are a scarce resource a UE with a too high, allocated gross bit rate (low spreading factor) must be reconfigured and use a more appropriate channelisation code (with higher spreading factor). This could be triggered by a threshold for the Transport Channel Traffic Volume and some inactivity timer, i.e. that the Transport Channel Traffic Volume stays a certain time below this threshold.

After the physical channel has been reconfigured, some of the transport formats and transport format combinations that require a low SF can not be used. However, these are stored and could be used if the physical channel is reconfigured later to use a lower spreading factor.

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.2.3.

7.1.2.4
Decreased UL data, with switch from DCH/DCH to RACH/FACH

In the network the UE traffic can be evaluated and the network can observe which transport format combinations that are used in the UL. The network could also simply look at how much data the UE transmits or use measurement reports.

If the UE is transmitting a low amount of data in the uplink and there is little traffic in the downlink, this could trigger a switch from a dedicated transport channel to a common transport channel. Depending on if the already defined RACH/FACH configuration is possible/preferred in the cell that the UE will be in after the switch, a Transport channel reconfiguration or a Physical channel reconfiguration procedure is used.

In the example below the UE has stayed in cells with a similar RACH and FACH configuration when using a dedicated transport channel. Therefore, the Physical channel reconfiguration procedure can be used. In 8.1.3.2 this is not the case and a Transport channel reconfiguration is used instead.

After the UE has performed the transport channel type switch to the RACH/FACH substate, all transport channel parameters such as transport formats for the dedicated transport channel are stored. The same configuration of the dedicated transport channels could then be reused if the UE switches back to the DCH/DCH substate.
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Figure 7‑3: Configuration in the UTRAN UL before and after the Physical channel reconfiguration

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.2.4.

7.1.3
Examples of Transport Channel Reconfiguration

This RRC procedure is used to reconfigure the transport channel and the physical channels, and can by that also trigger Transport channel type switching.

Below, several examples of Transport channel reconfiguration are shown, triggered by different amount of UL or DL data.

7.1.3.1
Increased UL data, with no transport channel type switching

When a UE Transport Channel Traffic Volume increases above a certain threshold, a measurement report is sent to UTRAN. Depending on the overall load situation in the network the UTRAN could decide to increase the uplink capacity for a UE. Since every UE has its "own" code tree, there is no shortage of UL codes with a low spreading factor, and all UEs can have a low spreading factor code allocated.

Therefore, instead of channelisation code assignment as used in the DL, load control in the UL is handled by the allowed transport formats and transport format combinations for each UE. To increase the throughput for a UE in the uplink, UTRAN could send a Transport channel reconfiguration or a TFC Control message.

Here a Transport channel reconfiguration is used. Although, the TFC Control procedure is believed to require less signalling it can only restrict or remove restrictions of the assigned transport format combinations and that may not always be enough. If a reconfiguration of the actual transport formats or transport format combinations is required, the Transport channel reconfiguration procedure must be used instead.

In the example below, the UE is allowed to send more data in the UL when on dedicated transport channel, although the common transport channel configuration is still the same. To make use of the new transport format combinations the physical channel must also be reconfigured to allow a lower spreading factor.

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.3.1.

7.1.3.2
Decreased DL data, with switch from DCH/DCH to RACH/FACH

In the network the downlink traffic to a UE can be evaluated and the network can observe which transport format combinations that are used.

If a low amount of data is sent to the UE in the downlink and there is little traffic in the uplink, this could trigger a switch from a dedicated transport channel to a common transport channel. Depending on if the already defined RACH/FACH configuration is possible/preferred in the cell that the UE will be connected to after the switch, a Transport channel reconfiguration or a Physical channel reconfiguration procedure is used. In this example the UE has moved to cells with a different FACH or RACH configuration when using a dedicated transport channel, so a Transport channel reconfiguration procedure must be used.

When the UE do the switch from a dedicated transport to a common transport channel the RACH and FACH transport channels are reconfigured with new transport formats if the old configuration is not supported in the new cell. What physical common channel to be used is pointed out in the physical channel parameters.
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Figure 7‑4: Configuration in the UTRAN DL before and after the Transport channel reconfiguration

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.3.2.

7.1.4
Examples of Radio Bearer Reconfiguration

A RB reconfiguration is here used to change how the MUX in MAC of logical channels belonging to different RBs is configured.

The RB Reconfiguration message includes parameters for the new multiplexing configuration in MAC, and a reconfiguration of the Transport channel that both RBs will use. The old obsolete transport channel is also removed (here DCH3 is removed). All other parameters associated with the RBs are unchanged.


[image: image5.wmf]MAC-d

MAC-d

Configuration in L2 before Reconfiguration

RLC

DCH1

RLC

DCH2

RLC

TFC Select

DCH3

Channel Switching

Configuration in L2 after Reconfiguration

RLC

DCH1

RLC

TFC Select

RLC

Channel Switching

MUX

DCH2

Signalling

bearer

RB1

DCCH

DTCH

RB2

DTCH

Signalling

bearer

RB1

DCCH

DTCH

RB2

DTCH


Figure 7‑5: Configuration in the UTRAN DL before and after the RB reconfiguration

Detailed examples of messages exchange and parameters used is reported in Annex B, Subclause B.4.
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