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1 Introduction

This paper proposes an editorial update to the Radio Resource Management Strategies document.

The aim is to remove text that is not supported by the specification documents, in order to have the technical report aligned with the 3GPP specifications.

Some proposed changes are pure editorial.

There is also a need to clarify in the text what is descriptions of how the UE and the UTRAN shall work, in order to follow the specifications, and what is examples of implementation dependent algorithms in the network.

2 Proposal

It is proposed that chapter 5 to 8, 10 to 12, 14 and 15 of 25.922 are updated according to the attached change proposal.

It is also proposed that the figures in chapter 8 and 14 are changed to reflect the updates made to the text. It is also proposed that signalling link in the figures is replaced with signalling bearer.
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Foreword

This Technical Report has been produced by the 3GPP.

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of this TR, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows;

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
Indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the specification;

5 Idle Mode Tasks

5.1
Service type in Idle mode

Services are distinguished into categories defined in TS 25.304; also the categorisation of cells according to services they can offer is provided in TS 25.304. In the following, some typical examples of the use of the different types of cells are provided.


“operator only” cell.

The aim of this type of cell is to allow the operator using and test newly deployed cells without being disturbed by normal traffic.

5.2
Criteria for Cell Selection and Reselection

5.2.1
Cell Selection Criteria

The goal of the cell selection procedures is to fast find a cell to camp on. To speed up this process, at "power up" or when returning from "out of coverage", the UE shall start with the stored information from previous network contacts. If the UE is unable to find any of those cells the Initial cell search will be initiated.

If it is not possible to find a cell from a valid PLMN the UE will choose a cell in a forbidden PLMN and enter a "limited service state". In this state the UE regularly attempt to find a suitable cell  on a valid PLMN. If a better cell is found the UE has to read the system information for that cell. The cell to camp on is by the UE chosen based on link quality consideration. However, the network can set cell re-selection thresholds in order to take other criteria into account, such as, for example:

* available services;

* cell load;

* UE speed.

In CDMA, it is important to minimize the UE output power, and also to minimize the power consumption in the UE. 

In order to achieve that an 'Immediate Cell Evaluation Procedure' at call set up which can ensure that the UE transmits with the best cell, while keeping the power consumption low.

5.2.2
Immediate Cell Evaluation

It is important that the UE chooses the best cell (according to the chosen criteria) prior to a random access on the RACH. In idle mode, this applies to RRC message RRC Connection Request. This is the aim of the immediate cell evaluation. This procedure shall be fast and there shall not be any hysteresis requirements between the different cells. However, it must be possible to rank two neighbouring cells by means of an offset. This offset is unique between two cells. This implies that this value must be a part of the system information in the serving cell. This offset is introduced for system tuning purposes, in order to 'move' the 'cell border'.

Before the access on the RACH can be initiated the UE also needs to check the relevant parts of system information for making the access. The time it takes to perform an immediate cell evaluation and select a new cell is dependent on the time it takes to read the system information. This can be optimised by the scheduling of the system information at the BCCH, the better scheduling the faster cell evaluation. In particular, at call set up, it would be important to select the optimal cell, i.e. the one where the UE uses the lowest output power.
5.2.3 Cell Re-selection

The cell reselection procedure is a procedure to check the best cell to camp on. The evaluation of the measurements for this procedure is always active, in idle mode, after the cell selection procedure has been completed and the first cell has been chosen. The goal of the procedure is to always camp on a cell with good enough quality even if it is not the optimal cell all the time.

It is also possible to have a time to trigger and hysteresis criteria in the cell reselection to control the number of cell reselections. 
The parameters needed for the cell reselection procedure (e.g., the offset value and the hysteresis) are unique on a cell to neighbour cell relation basis. These have therefore to be distributed, together with time to trigger value, in system information in the serving cell. This implies that the UE does not need to read the system information in the neighbouring cells before the cell reselection procedure finds a neighbouring cell with better quality.

5.3
Location Registration

The location registration procedure is defined in TS 23.022. The strategy used for the update of the location registration has to be set by the operator and, for instance, can be done regularly and when entering a new registration area. The same would apply for the update of the NAS defined service area which can be performed regularly and when entering a new NAS defined service area.

5.4
Broadcast information receiving

[In this section the possible uses of broadcast system information on RRM strategies will be addressed also based on section 6 of S25.304]

6 RRC Connection Mobility

6.1
Handover

6.1.1
Strategy

The handover strategy employed by the network for radio link control determines the handover decision that will be made based on the measurement results reported by the UE/RNC and various parameters set for each cell. Network directed handover might also occur for reasons other than radio link control, e.g. to control traffic distribution between cells. The network operator will determine the exact handover strategies.. Possible types of Handover are as follows:

· Handover 3G -3G:

· FDD soft/softer handover;

· FDD inter-frequency hard handover;

· FDD/TDD Handover;

· TDD/FDD Handover;

· TDD/TDD Handover;

· Handover 3G - 2G (e.g. Handover to GSM)
· Handover 2G -–3G (e.g. Handover from GSM)
6.1.2
Causes

The following is a non-exhaustive list for causes that could be used for the initiation of a handover process.

· Uplink quality

· Uplink signal measurements
· Downlink quality

· Downlink signal measurements
· Distance

· Change of service

· Better cell

· O&M intervention

· Directed retry

· Traffic

· Pre-emption

6.1.3
Hard Handover 

The hard handover procedure is described in TS 25.303.

Two main strategies can be used in order to determine the need for a hard handover:

· received measurements reports

· load control

6.1.4
Soft Handover

6.1.4.1
Soft Handover Parameters and definitions

Soft Handover is an handover in which the mobile station starts communication with a new Node-B on a same carrier frequency, or sector of the same site (softer handover), performing utmost a change of code. For this reason Soft Handover allows easily the provision of macrodiversity transmission; for this intrinsic characteristic terminology tends to identify Soft Handover with macrodiversity even if they are two different concepts; for its nature soft handover is used in CDMA systems where the same frequency is assigned to adjacent cells. As a result of this definition there are areas of the UE operation in which the UE is connected to a number of Node-Bs. With reference to Soft Handover, the “Active Set” is defined as the set of Node-Bs the UE is simultaneously connected to (i.e., the UTRA cells currently assigning a downlink DPCH to the UE constitute the active set).

The Soft Handover procedure is composed of a number of single functions:

· Measurements;

· Filtering of Measurements;

· Reporting of Measurement results;

· The Soft Handover Algorithm;

· Execution of Handover.

The measurements of the monitored cells filtered in a suitable way trigger the reporting events that constitute the basic input of the Soft Handover Agorithm.

The definition of ‘Active Set’, ‘Monitored set’, as well as the description of all reporting events are given in TS 25.331.

Based on the measurements of the set of cells monitored, the Soft Handover function evaluates if any Node-B should be added to (Radio Link Addition), removed from (Radio Link Removal), or replaced in (Combined Radio Link Addition and Removal) the Active Set; performing than what is known as "Active Set Update" procedure.

6.1.4.2
Example of a Soft Handover Algorithm

A describing example of a Soft Handover Algorithm is presented in this section which exploits reporting events 1A, 1B, and 1C described in TS 25.331. It also exploits the Hysteresis mechanism and the Time to Trigger mechanism described in TS 25.331. Any of the measurements quantities listed in TS 25.331 can be considered.

Other algorithms can be envisaged that use other reporting events described in TS 25.331; also load control strategies can be considered for the active set update since, the soft handover algorithm is performed in the RNC.

For the description of the Soft Handover algorithm presented in this section the following parameters are needed:

AS_Th: Threshold for macro diversity (reporting range);

AS_Th_Hyst: Hysteresis for the above threshold;

AS_Rep_Hyst: Replacement Hysteresis;

(T: Time to Trigger;

AS_Max_Size: Maximum size of Active Set

The following figure describes this Soft Handover Algorithm.
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Figure 0‑1: General Scheme of Soft Handover Algorithm.
As described in the figure above:

· If Meas_Sign is below (Best_Ss - As_Th - As_Th_Hyst) for a period of T remove Worst cell in the Active Set.

· If Meas_Sign is greater than (Best_Ss - As_Th + As_Th_Hyst) for a period of T and the Active Set is not full add Best cell outside the Active Set in the Active Set.

· If Active Set is full and Best_Cand_Ss is greater than (Worst_Old_Ss + As_Rep_Hyst) for a period of T add best cell outside Active Set and Remove Worst cell in the Active Set.

Where:

· Best_Ss :the best measured cell present in the Active Set;

· Worst_Old_Ss: the worst measured cell present in the Active Set;

· Best_Cand_Set:the best measured cell present in the monitored set .

· Meas_Sign :the measured and filtered quantity.

A flow-chart of the above described Soft Handover algorithm is available in Appendix C.

6.1.4.3
Soft Handover Execution

The Soft Handover is executed by means of the following procedures described in TS 25.303:

· Radio Link Addition (FDD soft-add)

· Radio Link Removal (FDD soft-drop)

· Combined Radio Link Addition and Removal

The serving cell (s) (the cells in the active set) are expected to have knowledge of the service used by the UE. The new cell decided to be added to the active set shall be informed that a new connection is desired, and it needs to have the following minimum information forwarded to it from the RNC.

· Connection parameters, such as coding schemes, number of parallel code channels etc. parameters which form the set of parameters describing the different transport channel configurations in use both uplink and downlink.

· The UE ID and uplink scrambling code

· The relative timing information of the new cell, in respect to the timing UE is experiencing from the existing connections (as measured by the UE at its location). Based on this the new Node-B can determine what should be the timing of the transmission initiated in respect to the timing of the common channels (CPICH) of the new cell.

As a response the UE needs to know via the existing connections:

· 
· What channelisation code(s) are used for that transmission. The channelisation codes from different cells are not required to be the same as they are under different scrambling codes.

· The relative timing information, which needs to be made available at the new cell is indicated in Figure 1 (shows the case where the two involved cells are managed by different Node Bs). 
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Figure 0‑2: Making transmissions capable to be combined in the Rake receiver from timing point of view.
At the start of diversity handover, the reverse link dedicated physical channel transmitted by the UE, and the forward link dedicated physical channel transmitted by the diversity handover source Node-B will have their radio frame number and scrambling code phase counted up continuously as usual, and they will not change at all.  Naturally, the continuity of the user information mounted on them will also be guaranteed, and will not cause any interruption.
6.1.5
Inter System Handover

6.1.5.1
Handover 3G to 2G

The handover from UTRA to GSM offering world-wide coverage already today has been one of the main design criteria taken into account in the UTRA frame timing definition. 
 The handover from UTRA/FDD to GSM can be implemented without simultaneous use of two receiver chains. Although the frame length is different from GSM frame length, the GSM traffic channel and UTRA FDD channels use similar  multi-frame structure. 

A UE can do the measurements by using idle periods in the downlink transmission, where such idle periods are created by using the downlink compressed mode as defined in WG1 Specification. The compressed mode is under the control of the UTRAN, and the UTRAN should communicate to the UE which frame is compressed. 

Alternatively independent measurements not relying on the compressed mode, but using a dual receiver approach can be performed, where the GSM receiver branch can operate independently of the UTRA FDD receiver branch.

The Handover from UTRA/TDD to GSM can be implemented without simultaneous use of two receiver chains. Although the frame length is different from GSM frame length, the GSM traffic channel and UTRA TDD channels rely on similar multi-frame structure.

A UE can do the measurements either by efficiently using idle slots or by getting assigned free continuous periods in the downlink part obtained by reducing the spreading factor and compressing in time TS occupation in a form similar to the FDD compressed mode. The low-cost constraint excludes the dual receiver approach.

For smooth inter-operation, inter-system information exchanges are needed in order to allow The UTRAN to notify the UE of the existing GSM frequencies in the area and vice versa. Further more integrated operation is needed for the actual handover where the current service is maintained, taking naturally into account the lower data rate capabilities in GSM when compared to UMTS maximum data rates reaching all the way to 2 Mbits/s.

6.1.2 Radio Link Management

7 Admission Control

7.1 Introduction

In CDMA networks the 'soft capacity' concept applies: each new call increases the interference level of all other ongoing calls, affecting their quality. Therefore it is very important to control the access to the network in a suitable way (Call Admission Control - CAC).

7.2
Example of CAC strategies
Principle 1: Admission Control is performed according to the type of required QoS. 

“Type of service” is to be understood as an implementation specific category derived from standardized QoS parameters.

The following table illustrates the this concept :

Service
Domain
Transport Channel
Type of service
CAC performed

Voice
CS
DCH
Premium*
YES


IP
DCH
Premium*
YES

Web
IP
DSCH
Assured Service**
YES


IP
DSCH
Best Effort***
NO

Table 0‑1: Premium service: Low delay, high priority.

* Assured Service: A minimum rate below the mean rate is guaranteed, service may use more bandwidth if available, medium priority.

* Best Effort: No guaranteed QoS, low priority.

Other mapping are possible like for instance:

PSTN domain: Premium service, IP domain: Best Effort.

Principle 2: Admission Control is performed according to the current system load and the required service.

The call should be blocked if none of the suitable cells can efficiently provide the service required by the UE at call set up (i.e., if, considering the current load of the suitable cells, the required service is likely to increase the interference level to an unacceptable value). This would ensure that the UE avoids wasting power affecting the quality of other communications.

In this case, the network can initiate a re-negotiation of resources of the on-going calls in order to reduce the traffic load.

Assumption: Admission Control is performed by CRNC under request from SRNC.

 [Editor’S note, other criteria/principles are FFS]

7.3
Scenarios

7.3.1
CAC performed in SRNS

Figure 0‑1 is to be taken as an example. It describes the general scheme that involves Admission Control when no Iur is used and the CRNC takes the role of SRNC.
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Figure 0‑1: This model shows how standardized RANAP and RRC layers are involved in the CAC process. 

1. CN requests SRNC for establishing a RAB.indicating  QoS parameters.

2. According to QoS parameters the requested service is assigned a type of service. CAC is performed according to the type of service.

3. Resources are allocated according to the result of CAC.

4. Acknowledgement is sent back to CN according to the result of CAC. Sub_layers are configured accordingly.

Steps 2 to 4 may also be triggered by SRNC for reconfiguration purpose within the SRNC (handovers intra-RNC, channels reconfigurations, location updates).

7.3.2
CAC performed in DRNC

If a radio link is to be set up in a node-B controlled by another RNC than the SRNC a request to establish the radio link is sent from the SRNC to the DRNC. CAC is always performed in the CRNC, and if Iur is to be used as in this example, CAC is performed whithin the DRNC.

7.2.2.1
Case of DCH
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Figure 0‑2: This model shows how standardized RNSAP and RRC layers are involved in the CAC process.
1. SRNC requests DRNC for establishing a Radio Link, indicating DCH characteristics. These implicitly contains all QoS requirements and are enough as inputs to the CAC algorithm.

2. CAC is performed according to DCH characteristics.

3. Resources are allocated according to the result of CAC.

4. Acknowledgement is sent back to the SRNC according to the result of CAC.

7.3.2.2
Case of Common Transport Channels

When transmitting on Common Transport Channels a UE may camp on a new cell managed by a new RNC. SRNC is notified by UE through RRC messages that connection will be set up through a new DRNC. Subsequently SRNC initiates connection through new DRNC.
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Figure 0‑3: This model shows how standardized RNSAP and RRC layers are involved in the CAC process.
1. SRNC requests DRNC for establishing a Radio Link. A RNSAP message contains the QoS parameters and the type of Common Transport Channel to be used.

2. According to QoS parameters the requested service is assigned a type of service. CAC is performed according to the type of service and to the type of Common Transport Channel requested by SRNC.

3. Resources are allocated according to the result of CAC.

4. Acknowledgement is sent back to the SRNC according to the result of CAC. L1 and MAC are configured accordingly by RRC layer.


8 Radio Bearer Control

8.1
Usage of RB control procedures

Radio bearer control procedures are used to control the UE and system resources. This section explains how the system works with respect to these procedures and how e.g. traffic volume measurements could trigger these procedures.


8.1.1
Examples of Radio Bearer Setup

In order to set up a new Radio bearer a RRC connection must have been established, and some NAS negotiation has been performed. The Radio bearer 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 0‑1: Configuration of L2 in the UTRAN DL before and after the RB setup.

Detailed examples of messages exchange and parameters used is reported in Appendix B, Section. 14.1.

8.1.2
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.

8.1.2.1
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 amount of data in the RLC buffer to be transmitted 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 0‑2: Configuration in the UTRAN UL before and after the Physical channel reconfiguration.

Detailed examples of messages exchange and parameters used is reported in Appendix B, Section. 14.2.1.

8.1.2.2
Increased DL data, no Transport channel type switching

If the RLC buffer increases above a certain threshold [Note: This is only one of many possible implementations of the network] 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 Appendix B, Section. 14.2.2.

8.1.2.3
Decrease DL data, no Transport channel type switching

Since downlink channelization 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 channelization code (with higher spreading factor). This could be triggered by a threshold for the RLC buffer content and some inactivity timer, i.e. that the buffer content stays a certain time below this threshold. [Note: This is only one of many possible implementations of the network].

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 Appendix B, Section. 14.2.3.

8.1.2.4
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 [Note: Which way for the network to trigger this is a matter of implementation].
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. Therefor, 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 0‑3: Configuration in the UTRAN UL before and after the Physical channel reconfiguration.

Detailed examples of messages exchange and parameters used is reported in Appendix B, Section. 14.2.4.

8.1.3
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.

8.1.3.1
Increased UL data, with no transport channel type switching

When a UE RLC buffer content 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.

Therefor, instead of channelization 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 Appendix B, Section. 14.3.1.

8.1.3.2
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 [Note: This is only one of many possible implementations of the network].
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 0‑4: Configuration in the UTRAN DL before and after the Transport channel reconfiguration.

Detailed examples of messages exchange and parameters used is reported in Appendix B, Section. 14.3.2.

8.1.4
Examples of RB Reconfiguration

A Radio bearer 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.
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Figure 0‑5: Configuration in the UTRAN DL before and after the RB reconfiguration.

Detailed examples of messages exchange and parameters used is reported in Appendix B, Section. 14.4.

10 Power Management

10.1
Variable Rate Packet Transmission

10.1.1
Examples of Downlink Power Management

When the connection for e.g. packet services is established, the RRC considers the down-link traffic conditions, then assigns the TFCS to MAC and allowable transmission power to L1. The allowable transmission power can be determined according to the service requirements and the traffic conditions, and is updated for each user when the traffic conditions change.
During a call, the physical layer averages the transmission power for that UE over one or several frames. If the averaged transmission power for the UE becomes higher than the allowable transmission power, that is, the channel conditions are bad, L1 indicates to MAC that  the “Allowable transmission power has been reached”. The MAC in response reduces the data rate within TFCS, and the power control procedure then reduces the total transmission power for that UE and excess interference to other UEs is avoided.
 
When channel conditions improve and the averaged transmission power falls [x] dB below than the allowable transmission power the physical layer indicates to MAC that the “Average transmission power is 
below allowable transmission power by xdB” (the values for [x] are chosen to match the power requirements of different increments for the transport channels within the TFCS). The MAC in response increases the data rate by increasing the number of transport blocks delivered to L1 and the physical layer increases the total transmission power to the UE by the predefined amount. This allows data that was buffered during bad channel conditions to be delivered to the UE.
Simulation results on down-link variable rate packet transmission are provided in Appendix E.
10.1.2
Examples of Uplink Power Management

When the connection for e.g. packet services is established, the RRC assigns the TFCS to the UE and the allowable transmission power. For the allowable transmission power the UE capability should be taken into account. During a call, the physical layer averages the transmission power over one or several frames. If the averaged transmission power becomes higher than the allowable transmission power, the UE reduces the data rate within TFCS, and the power control procedure then reduces the total transmission power.


When channel conditions improve and the averaged transmission power falls [x] dB below than the allowable transmission power (the values for [x] are chosen to match the power requirements of different increments in the number of transport channels within the TFCS) the UE increases the data rate by increasing the number of transport blocks delivered to L1 and the physical layer increases the total transmission power by the predefined amount. This allows data that was buffered during bad channel conditions to be transmitted to Node B.
10.2 Site Selection Diversity Power Control (SSDT)

Site Selection Diversity Transmit Power Control (SSDT) is a form of power control for the downlink that can be applied while a UE is in soft handover (SHO). This section explains how SSDT works, and provides some examples when SSDT should be used. Simulations have been performed comparing SHO with SSDT to normal SHO: results are presented in Appendix D.

In SHO, a UE has DL connections to more than one cell. Thus, one UE contributes to the DL interference in several cells. SSDT is a power control method that reduces the DL interference generated while the UE is in SHO. The principle of SSDT is that the best cell of the active set is dynamically chosen as the only transmitting site, and the other cells involved turn down their DPDCHs. The DPCCH is transmitted as normally (see figure below).
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Figure 0‑1: Principle of SSDT in comparison to conventional SHO

Each cell is given a temporary identification number. The UE measures the pilot power of the PCCPCHs, and chooses the best one as its 'primary' cell. The temporary id of this primary cell (the 'primary id') is transmitted on the UL DPCCH to all Node Bs of the active set. A cell that has been  selected as primary station transmits its dedicated channels with the power necessary to reach the desired SIR target, whereas all other cells switch off their downlink DPDCH transmission. The 'primary id' is updated  by the UE at a frequency of 5, 10 or 20ms. The frequency depends on the SSDT mode and is set by the UTRAN.

In order for the UE to continuously perform measurements and to maintain synchronisation, the 'secondary' cells continue to transmit pilot information on the DPCCH. 

The prerequisite for using SSDT during an RRC connection or during a part of an RRC connection is that all Node B involved support SSDT. SSDT is controlled by L3 procedures. The control involves assignment of temporary ids, setting an SSDT mode and switching SSDT on or off. The control information itself (temporary ids) terminates in the L1 of Node B and UE respectively.

10.3 Example of balancing Downlink power 
Adjustment loop is a method for balancing downlink power among active set cells during soft handover. For adjustment loop, DL reference power PREF and DL power convergence coefficient r (0<r<1) are set in the active set cells during soft handover so that the two parameters are common to the cells. For simplicity, DL powers of two cells are considered in this explanation. Adjustment loop works in addition to inner loop power control, and DL power at slot i of two cells, P1(i), and P2(i), are updated at a certain interval (typically in every slot as in this explanation) as follows:

P1(i+1) = P1(i)+(1 - r)(PREF - P1(i))+SINNERLOOP1(i)

P2(i+1) = P2(i)+(1 - r)(PREF - P2(i))+SINNERLOOP2(i)
where SINNERLOOP1(i) is the result of the inner loop power control.

The difference is derived from the two equations above if TPC error does not occur i.e. SINNERLOOP1(i) and SINNERLOOP2(i) are equal:
P1(i+1) - P2(i+1) = r(P1(i) - P2(i)) = ri(P1(1) - P2(1))
Therefore the difference converges at zero when r is smaller than one. Simulation results are available in Appendix F.

11 Radio Link Surveillance

11.1 Mode Control strategies for tx diversity

11.1.1 TX diversity modes

Tx diversity modes can be classified into two categories:

· Open loop modes

· Closed loop modes

In open loop mode no feedback information from the UE to the node B is transmitted in order to control how the signal is transmitted from the diversity antennas. This is in contrast to closed loop operation where UE sends feedback information to the Node B in order to optimize the transmission from the diversity antennas.

For a detailed description of Tx diversity techniques in both FDD and TDD mode, refer to [L1 Spec].

11.1.2
Mode Control Strategies

11.1.2.1 DPCH

What mode will be used on DPDCH and when is controlled by UTRAN. Important criteria for the mode control are the radio channel conditions. This is because depending on the radio channel different modes will provide the best performance.

Regarding the downlink performance there are two important factors which should be considered when doing mode control:

· Maximum doppler frequency (i.e., speed of the UE)

· Number of multipath components.

Basically the UE could measure both of these and report back to UTRAN. As it happens both of these could be measured by UTRAN as well. Therefore, there is no need to signal this information from UE.

The use of Tx diversity on dedicated channels is signalled to the UE in call set-up phase.

11.1.2.2 Common channels

Only open loop can be used for PCCPCH, SCCPCH, and AICH. For common channels the UE gets information on about the use of Tx diversity through system information broadcast on BCCH. Each of the different common channels above can utilise Tx diversity irrespective of if it is used on any of the other common channels.
· 
· 
12 Codec mode control

12.1 AMR mode control

The AMR speech codec consists of the multi-rate speech codec with eight source rates from 4.75 kbit/s to 12.2 kbit/s [11]. The change between the AMR specified rates could occur in the WCDMA in downlink, when traffic on the air interface exceeds the acceptable load, or when the connection based FER value indicates the bad quality of the connection. In uplink the corresponding change can be made when there is need to extend the uplink coverage area for speech by using several AMR modes or when the measured load on the air interface is reported to exceed the acceptable level.

In principle the speech coder is capable of switching its bit rate every 20 ms speech frame upon command. [11] However in practice the AMR mode adaptation is needed less frequently. 

In WCDMA the network architecture has been defined to consist of two different network domains; UTRAN and Core Network (CN). Due to this definition and decisions about the location of the Transcoder, the AMR related functions are forced to divide between the previously mentioned network domains. 

The location of the Transcoder in WCDMA was defined to be in the core network domain, and logically outside the Access Stratum. Thus also the location of the AMR speech codec is into the Core Network as well. 

From the data transfer point of view the defined location of the encoder in the NW side means that at least all AMR coded data is going to be transmitted not only via Iub and air interface but also via Iu –interface. (see Figure 12)

The functionality of the codec mode control on the contrary can not locate in the Transcoder, because this control entity needs information from the air interface to make decision about the valid AMR modes for the AMR related connections. Thus the only domain, which can provide this kind of information from the air interface to AMR codec mode control entity, is UTRAN. In GSM the control of the codec mode is provided by the BTS, but in WCDMA this solution is not applicable due to soft handover procedure defined for the dedicated traffic channels. Thus the AMR mode control function should be a part of the RNC functionality. In RNC the most natural place to perform the control of the AMR mode is RRM, because RRM is already responsible for reserving and controlling resources from the air interface. Thus all information, which is needed for the AMR adaptation, can be found from the RRM, which is a part of the current L3 functionality. (see Figure 12-1)


[image: image14.wmf]DOCUMENTTYPE

TypeUnitOrDepartmentHere

TypeYourNameHere

TypeDateHere

Air

interface

Iub

Iu

Control of AMR modes

No further requirements

due to AMR

AMR speech codec

AMR speech

codec

Uplink AMR mode command

Uplink speech data with the commanded AMR mode

Downlink AMR mode

command

Downlink speech data with the commanded AMR mode

MS

BS

RNC

TC

Figure 12‑1
In the WCDMA the AMR mode adaptation is carried out with the aid of AMR mode control function, which is responsible for detecting the need of the AMR mode adaptation and to initiate required procedures to change the current AMR mode to the newly selected AMR mode. The AMR mode change request can be made with the aid of the AMR mode command, which is sent from the RNC either to the Transcoder for downlink data transfer or to the UE for uplink data transfer. In principle the supported AMR mode adaptation can be asymmetric, which implies the possibility to use different AMR modes in uplink and downlink during active speech call.

Therefore, the role of the RRM during the AMR coded speech call will be basically the role of the supervisor of the connection.

The AMR mode command is used to change the current AMR mode to the new one, which suits better to the conditions on the air interface. The command is sent from the UTRAN to the appropriate AMR codec, which locates either in the transcoder or in the UE. In which encoder the command is sent depends on direction of the data transmission. If the AMR mode - in question - is intended to be used in downlink the command is sent to the encoder inside the transcoder via Iu –interface, whereas AMR code needed on uplink is sent to the UE through air interface.

The initialization of AMR mode command will base on load information, which has been received from the air interface. The following table shows the required information during the AMR mode adaptation in WCDMA:

Information used in AMR control
Load



Downlink information
BS reports total BS transmission power 

Uplink information
BS measurers total interference level 

When RRM indicates the need for the AMR mode adaptation, RRC may generate the requested AMR mode command and send it to the encoder, or RRC may request MAC –d to perform the same functions. Which layer is used depend on whether the AMR mode command is intended to use on uplink or on downlink, and whether inband or outband signaling is used for transferring the command from the UTRAN to the encoder.

For the downlink, the AMR mode command from RNC to TC is realised as inband.

Transport format for the transport channel carrying the different classes of AMR source codec provide an unambiguous mapping of the codec mode that is used.

14 Appendix B (Radio Bearer Control – Overview of Procedures: message exchange and parameters used)

14.1
Examples of Radio Bearer Setup
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Figure 0‑1: Radio bearer setup on common transport channel.

14.1.1
RRC Parameters in RB Setup

This message includes RB identity for the new RB and RLC info. It also includes two different multiplexing configurations giving the transport channel this RB could be mapped onto. One configuration to be used on a common transport channel and one for a dedicated transport channel.

For the common transport channel this message includes a new Transport format set for FACH, and a Transport format set for RACH.

For the dedicated transport channel (pre-configured, not yet used) this message includes the transport formats for DCH1 and DCH2, and also the transport format combinations used in e.g. 14.2.1, after the switch. 

14.1.2
RRC Parameters in RB Setup Complete

This message only includes the message type
14.2
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.

14.2.1
Increased UL data, with switch from RACH/FACH to DCH/DCH
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Figure 0‑2: Physical channel reconfiguration triggered by increased UL data and with a switch from RACH/FACH to DCH/DCH.

14.2.1.1
RRC Parameters in Measurement Report

This message includes a Measurement Identity number so that UTRAN can associate this report with a Measurement control message. It also includes the Measurement result stating what triggered the report and optionally the RLC buffer payload.

14.2.1.2
RRC Parameters in Physical Channel Reconfiguration

This message includes DL channelization codes and DL scrambling code for the DPCH. It also includes UL channelization codes and scrambling code for the DPCH.
14.2.1.3
RRC Parameters in Physical Channel Reconfiguration Complete

This message only includes the message type
14.2.2
Increased DL data, no Transport channel type switching
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Figure 0‑3: Physical channel reconfiguration triggered by increased DL data and configuration in UTRAN DL.

14.2.2.1
RRC Parameters in Physical Channel Reconfiguration

This message includes new DL channelization codes for the DPCH with lower spreading factor for all cells that the UE is connected to.
14.2.2.2
RRC Parameters in Physical Channel Reconfiguration Complete

No identified parameters

14.2.3
Decrease DL data, no Transport channel type switching
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Figure 0‑4: Physical channel reconfiguration triggered by decreased DL data and configuration in UTRAN DL.

14.2.3.1
RRC Parameters in Physical Channel Reconfiguration

This message includes new DL channelization codes for DPCH with higher spreading factor for all cells that the UE is connected to.
14.2.3.2
RRC Parameters in Physical Channel Reconfiguration Complete

This message only includes the message type
14.2.4
Decreased UL data, with switch from DCH/DCH to RACH/FACH
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Figure 0‑5: Physical channel reconfiguration triggered by decreased UL data and with a switch from DCH/DCH to RACH/FACH.
14.2.4.1
RRC Parameters in Physical Channel Reconfiguration

This message includes a PRACH spreading factor for the UL i.e. stating the minimum spreading factor to be used, and the preamble signatures that are allowed. Further, for the PRACH which access slots that are allowed and the preamble spreading code is included.

For the DL the message includes scrambling code, i.e. indicating to which cells FACH the UE should be connected to, and a channelization code for the secondary CCPCH.

[Note: The common channel parameters are the same that is transmitted on the BCCH. The reason to send it in this message is to remove the necessity for the UE to read BCCH at this switch.]


14.2.4.2
RRC Parameters in Physical Channel Reconfiguration Complete

This message only includes the message type
14.3
Examples of Transport Channel Reconfiguration

14.3.1
Increased UL data, with no transport channel type switching

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.
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Figure 0‑6: Transport channel reconfiguration triggered by increased UL data and configuration in UTRAN DL.

14.3.1.1
RRC Parameters in Measurement Report

This message includes a Measurement Identity number so that UTRAN can associate this report with a Measurement control message. It also includes the Measurement result stating what triggered the report and optionally the RLC buffer payload.

14.3.1.2
RRC Parameters in Transport Channel Reconfiguration

This message includes a new Transport format set for DCH2 and a new Transport format combination set. An Activation time must also be included if the different TFCIs can not coexist during the reconfiguration.

It also includes UL channelization codes for the DPCH.
14.3.1.3
RRC Parameters in Transport Channel Reconfiguration Complete

This message only includes the message type
14.3.2
Decreased DL data, with switch from DCH/DCH to RACH/FACH
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Figure 0‑7: Transport channel reconfiguration triggered by decreased DL data and with a switch from DCH/DCH to RACH/FACH.
14.3.2.1
RRC Parameters in Transport Channel Reconfiguration

This message includes new Transport format set for RACH, a PRACH spreading factor i.e. stating the minimum spreading factor to be used, and the preamble signatures that are allowed. Further, for the PRACH which access slots that are allowed and the preamble spreading code is included.

For the DL the message includes a new Transport format set for FACH, the scrambling code, i.e. indicating to which cells FACH the UE should be connected to, and a channelization code for the secondary CCPCH.

[Note: The common channel parameters are the same that is transmitted at the BCCH. The reason to send it in this message is to remove the necessity for the UE to read BCCH at this switch.]


14.3.2.2
RRC Parameters in Transport Channel Reconfiguration Complete

This message only includes the message type
14.4
Examples of RB Reconfiguration
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Figure 0‑8: RB reconfiguration.

14.4.1
RRC Parameters in Radio bearer reconfiguration

This message includes a multiplexing option with Transport channel identity DCH2 for both RB1 and RB2, stating that both these RBs should use the same transport channel. For each of these two RBs a Logical channel identity value and a priority must be given to define the MAC MUX.

Also included is a new Transport format set for DCH2 and a new Transport format combination set (both for UL and DL if the multiplexing is changed both in UL and DL).

It is also possible to reconfigure the physical channel and include new channelization codes for the DPCH with different spreading factor for all cells that the UE is connected to.

14.4.2
RRC Parameters in Radio bearer reconfiguration Complete

This message only includes the message type
15 Appendix C (Flow-chart of the Soft Handover algorithm)

In this Appendix a flow-chart of the Soft Handover algorithm described in section 6.1.4.1 is presented.
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Figure 0‑1: flow-chart of the Soft Handover algorithm








































































































































_984911077.doc


Drift RNC







RNSAP







RRC







RRM Entity







4. CPHY_RL_Setup_REQ







C- SAP







1. RNSAP Message







4. RNSAP Message







	2. CAC



	3. Resource allocation












_989817092.doc


RACH/FACH



substate











DCH/DCH



substate







Evaluation











DCCH: Physical Channel Reconfiguration







DCCH: Physical Channel Reconfiguration Complete (FFS)







UTRAN







UE











































DCCH: Measurement Report







Threshold for Report







UL RLC Buffer












_997541561.doc
 


AS_Th – AS_Th_Hyst







As_Rep_Hyst







As_Th + As_Th_Hyst







Cell 1 Connected    







Event 1A



( Add Cell 2







Event 1C (



Replace Cell 1 with Cell 3







Event 1B (



Remove Cell 3







PCCPCH 1







PCCPCH 2







PCCPCH 3







Time







Measurement



Quantity







T







T







T












_1004992258.doc
 


AS_Th – AS_Th_Hyst







As_Rep_Hyst







As_Th + As_Th_Hyst







Cell 1 Connected    







Event 1A



( Add Cell 2







Event 1C (



Replace Cell 1 with Cell 3







Event 1B (



Remove Cell 3







CPICH 1







CPICH 2







CPICH 3







Time







Measurement



Quantity







T







T







T












_997544800.doc


Meas_Sign > Best_Ss – As_Th – as_Th_Hyst



   for a period of T







Yes







No



(Event 1B)







Remove Worst_Bs in the Active Set







 Add Best_Bs in the Active Set







Yes



(Event 1A)







No







Meas_Sign > Best_Ss – As_Th + as_Th_Hyst



for a period of T











No







Yes



(Event 1C)







Best_Cand_Ss > Worst_Old_Ss  + As_Rep_Hyst



for a period of T







Yes







No







Active Set Full







Add Best BS in Active Set and Remove Worst Bs from th Active Set











Begin












_989817146.doc


Change to higher spreading factor







Channel Switching







DCH/DCH



substate







Threshold + Timer







DL RLC Buffer







DCCH: Physical Channel Reconfiguration







DCCH: Physical Channel Reconfiguration Complete (FFS)







UTRAN







UE







DCH2







TFC Select







MAC-d







RLC







DCH1







DTCH











RLC







Configuration in L2







DCCH







RAB1







Signalling link












_993474429.doc



DOCUMENTTYPE



1 (1)













TypeUnitOrDepartmentHere









TypeYourNameHere

TypeDateHere











TC







RNC







BS







MS







Downlink speech data with the commanded AMR mode







command







Downlink AMR mode







Uplink speech data with the commanded AMR mode







Uplink AMR mode command







codec







AMR speech







AMR speech codec







due to AMR







No further requirements







Control of AMR modes







Iu







Iub







interface







Air











_935227290.doc







_989817163.doc


RACH/FACH



substate











DCH/DCH



substate







UL/DL Traffic



Evaluation







UL RLC Buffer







DCCH: Physical Channel Reconfiguration







DCCH: Physical Channel Reconfiguration Complete (FFS)







UTRAN







UE




























































_989817129.doc


Change to lower spreading factor 







Channel Switching







DCH/DCH



substate







Threshold







DL RLC Buffer







DCCH: Physical Channel Reconfiguration







DCCH: Physical Channel Reconfiguration Complete (FFS)







UTRAN







UE







DCH2







TFC Select







RAB1







RLC







DCH1







DCCH







Signalling link







RLC







Configuration in L2







DTCH







MAC-d












_985745566.doc


MUX







Channel Switching







Signalling link







RLC







Common channel (RACH)







TF Select







RAB1







RLC







Configuration in L2 before Reconfiguration







Channel Switching







DCH2







TFC Select







DCCH







RLC







DCH1







DTCH







DTCH







RLC







Configuration in L2 after Reconfiguration







RNTI MUX







DCCH







RAB1







Signalling link







MAC-d







MAC-d







MUX







MAC-c












_985745764.doc


MUX







Channel Switching







Signalling link







RLC







Common channel (RACH)







TF Select







RAB1







RLC







Configuration in L2 after Reconfiguration







Channel Switching







DCH2







TFC Select







DCCH







RLC







DCH1







DTCH







DTCH







RLC







Configuration in L2 before Reconfiguration







RNTI MUX







DCCH







RAB1







Signalling link







MAC-d







MAC-d







MUX







MAC-c












_984911133.doc


Serving RNC







RANAP







RRC







RRM Entity







4. CPHY_RL_Setup_REQ







C-SAP







1. RANAP Message







4. RANAP Message







2. Mapping QoS parameter/ type of service



2bis. CAC 



3. Resource allocation







MAC







4. RRCMAC_Connect







4bis. MPHY_Connect







RLC







4. MRLC_configure












_985104972.doc


DTCH







DCH1







DTCH







Channel Switching







DCH3







TFC Select







DCCH







DTCH







RLC







DCCH







RLC







Configuration in L2 before Reconfiguration







DCH2











RAB1







Channel Switching







RAB1







RLC



















Signalling link







RLC







DCH2







TFC Select







MUX







DTCH







RLC







DCH1







RAB2







Signalling link







RAB2







RLC







Configuration in L2 after Reconfiguration























































































MAC-d















MAC-d












_982101397.doc






Channel Switching







Signalling link











Common channel (FACH)







TF Select











RLC







Configuration in L2 before Setup







MUX







DTCH







DCCH







DCCH







RAB1







Signalling link







RNTI MUX











MUX







Configuration in L2 after Setup







RNTI MUX







Channel Switching







RLC







Common channel (FACH)







TF Select







MAC-d







MUX







MAC-c







RLC







MAC-d







MAC-c












_984909806.doc


Drift RNC







RNSAP







RRC







RRM Entity







4. CPHY_RL_Setup_REQ







C-SAP







1. RNSAP Message







4. RNSAP Message







2. Mapping QoS parameter/ type of service



2bis. CAC 



3. Resource allocation







MAC







4. RRCMAC_Connect







4bis. MPHY_Connect












_982145123.doc


DCH/DCH



substate







Evaluation







DCCH: Measurement Report







Threshold for Report







UL RLC Buffer







DCCH: Transport Channel Reconfiguration







DCCH: Transport Channel Reconfiguration Complete







UTRAN







UE







Change of UL Ch. Codes, TF and TFC at Action Time







Channel Switching







DCH2







TFC Select











RLC







DCH1







DTCH







MAC-d







RLC







Configuration in L2







DCCH







RAB1







Signalling link












_982100624.doc


RACH/FACH



substate























DCCH: RAB Setup







DCCH: RAB Setup Complete







UTRAN







UE




























































_982101029.doc






































Channel Switching







DCH2







TFC Select











RLC







DCH1







DTCH











RLC







Configuration in L2 before Reconfiguration











DCCH







RAB1







Signalling link







MUX







DTCH







DCCH







RAB1







Signalling link























RNTI MUX



































MUX







Channel Switching







RLC







Common channel (FACH)







TF Select







RLC







Configuration in L2 after Reconfiguration







MAC-d







MAC-d







MAC-c












_981460088.doc


















DCH/DCH



substate







DCCH: Radio access bearer Reconfiguration







DCCH: Radio access bearer Reconfiguration Complete







UTRAN







UE







































Change of MAC MUX at Action Time












_981867441.doc


RACH/FACH



substate











DCH/DCH



substate







UL/DL Traffic



Evaluation







DL RLC Buffer







DCCH: Transport Channel Reconfiguration







DCCH: Transport Channel Reconfiguration Complete







UTRAN







UE




























































_970496629.doc



DOCUMENTTYPE



1 (1)













TypeUnitOrDepartmentHere









TypeYourNameHere

TypeDateHere











PCCCH







frame







PDCH/PCCH







frame







Measure







 T







offset







Handover







command







and







 T







offset







UTRAN Network















Transmision







 channel







and







 T







offset







BS B







channel







information







BS A







BS B







T







offset











_935227290.doc







