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1. Introduction

This document describes the MAC assisted dynamic bearer control procedure. Dynamic bearer control is performed in RRC, based on the traffic volume measurement reported by MAC. Traffic volume information is gathered and measured in MAC layer and the result is reported from MAC layer to RRC layer.

2. Discussion

2.1 Who reports the measurement

MAC receives the data from RLC on logical channel, multiplexes them based on QoS and priority of logical channel, and selects appropriate transport format combination, then passes them to the physical layer on the transport channel. While processing, MAC stores data into the buffer because RLC passes the data to the MAC layer, not caring about the status of the physical layer. Therefore MAC can monitor the traffic volume status better than any other layers, RLC, PHY or RRC. MAC uses the radio resource most efficiently in sense that it selects TFC dynamically. However when the status cannot be controlled by the TFC selection by MAC, it should be reported to RRC so that subsequent bearer control procedures such as bearer reconfiguration, transport channel reconfiguration, or physical channel reconfiguration can be performed. 

2.2 Traffic Volume Monitoring in MAC layer

When radio access bearer is established, RRC configures the RLC, MAC and PHY layer. Logical traffic channels for each services are multiplexed into transport channels which are multiplexed into a CCTrCH. TFCS is a set of transport format combinations on a coded composite transport channel. It means those logical channels and transport channels belonging to the same CCTrCH shares the same radio resource physically. Therefore, traffic volume should be monitored with repect to a CCTrCH. In monitoring, the amount of data in all RLC buffers and all MAC buffers of one CCTrCH must be taken into account. 

MAC knows RAB configuration that which logical channels are assigned to the what transport channel. And MAC also knows which transport channels belongs to the same CCTrCH. Therefore, MAC gathers the status of RLC buffers as well as of MAC itself to be multiplexed into one CCTrCH, meaning that MAC monitors the MAC buffer and RLC buffer at the same time. RLC buffer status is used in order for RRC to reconfigure RAB configuration, such as RLC QoS, and Priority, etc.

3. The MAC-assisted Dynamic Radio Access Bearer Control

3.1 Assumption 

RRC configures the MAC layer in bearer establishment procedure with CMAC-Config-REQ primitive:

· Radio access bearer ID

· RAB multiplexing information

· Associated transport channel identity 

· Associated logical channel identity and priority (QoS)

· TrCH information elements 

· TFCS for one CCTrCH (in case of DCH)

3.2 Example of message sequence of traffic volume monitoring

Figure 1 illustrates the example of message sequence of traffic volume monitoring procedure. RRC in UE gets the parameters necessary for traffic volume measurement from Measurement Control message or System information message sent by RRC in UTRAN. RRC in UE passes the MAC the parameters for traffic volume measurement with the CMAC-Measurement-REQ. Meanwhile, RLC passes the data to MAC with each buffer status. There are two ways MAC indicates the traffic volume measurement report to RRC, periodic and event-triggering. If it is periodic report, the MAC reports the measurement result to RRC periodically. If it is event-trigger, when the threshold set by RRC is exceeded, the MAC in UE reports the measurement result to RRC. RRC in UE sends Measurement Report Message to RRC in UTRAN when the reporting criteria received from UTRAN meets. After that, RRC in UTRAN makes a decision which procedure should be followed based on the measurement report from UE. UE It can be bearer reconfiguration, transport channel reconfiguration, physical channel reconfiguration or transport channel combination control procedure. The report mode, periodic and event-triggering, can be used exclusively, or simultaneously as shown in figure 1. 
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[Fig 1 Traffic Volume Measurement Monitoring Procedure]

3.3 Parameters of Primitives in Traffic Volume Monitoring Procedure

It is proposed that RRC send the MAC measurement request with the primitive CMAC-Measure-REQ including following parameters.
· Measurement Mode = Report Interval /Event-triggering

· THU – Upper threshold value for a CCTrCH, which the amount of buffer exceeds, report to RRC is triggered

· THL – Lower threshold value for a CCTrCH, which the amount of buffer goes below, report to RRC is triggered

· Measurement Period - the period during which the average and variation is measured. 

When data is transferred from RCL to MAC, RLC buffer status is informed to MAC simultaneously. RLC buffer status is notified whenever data is transferred to MAC. Based on this information, MAC multiplexes them between several data from different RLC entities. Therefore, RLC-AM-DATA-REQ/RLC-UM-DATA-REQ/RLC-TR-DATA-REQ primitive must contain the RLC buffer status as well as data.

· Data (RLC PDU)

· Buffer Status (the amount of data in the buffer)

With above parameters and based on the configuration, MAC calculates the traffic volume status every transmission time as follows:

· The total amount of data to be transmitted for a CCTrCH : It is figured out by summing (1) and (2).

(1) The amount of data in the RLC buffers multiplexed into a transport channel

(2) The amount of data in the MAC buffer multiplexed into a CCTrCH

MAC report the following values to RRC with CMAC-Measure-IND primitive irrespective of the report mode.

· The total amount of data to be transmitted for a CCTrCH

· For respective buffer in MAC and RLC

· Instantaneous amount of data

· The average of the amount of data (during given period)

· The variance of the amount of data (during given period)

MAC receives RLC PDUs from different RLCs. RLC passes RLC PDU with the status of RLC transmission buffer. Every TTI, MAC compares the status of CCTrCH with the thresholds set by RRC. The buffer status of CCTrCH results from the accumulation of the amount of data of buffer for each transport channel to be multiplexed into one CCTrCH, and the amount of data of the RLC:s buffers assigned for those transport channels. If the value is out of range between THU and THL, the MAC reports the current status of traffic volume to RRC. By these result, RRC in UTRAN can be informed the traffic volume status of each UE, and therefore can make a decision for new radio access bearer configuration accordingly.

4. Traffic Volume Monitoring Algorithm in MAC 
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[Figure 5 Traffic Volume Monitoring Procedure]

(Note1) In case of RACH, check buffer status of RACH instead of CCTrCH. 

1) RRC passes the MAC measurement parameters with the primitive CMAC-Measure-REQ which includes parameters such as THL, THU for CCTrCH of DCHs, or RACH.

2) When MAC receives RLC PDUs from different RLCs, MAC is notified by RLC the status of RLC transmission buffer.

3) MAC compares the status of CCTrCH with the THL and THU. The status of CCTrCH result from the accumulation of the amount of data of buffer for each transport channel multiplexed into the CCTrCH and the amount of the RLC buffers assigned for those transport channels. 

4) If the buffer status is not in-between THL and THH, report the status to RRC. The measurement report contains average and variance and the instantaneous amount of data of each buffer and total amount of data for the CCTrCH.

5. Example – Transport Channel Type Switching based on the Traffic Volume Monitoring 

As an example, transport channel type switching based on of traffic volume monitoring is illustrated in this chapter. In figure 2, the initial state of MAC is shown. MAC is configured by RRC with the 3 RABs multiplexed into 2 DCHs, which are multiplexed into one CCTrCH. In figure 3, each Buffer status according to the time axis is shown. Figure 4 shows the MAC model after transport channel type switching. 
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[Fig 2 Initial MAC Configuration]

In figure 3, the buffer 1 for DCH 1 represents the buffer status of transport channel DCH1, meaning, the summation of all RLC buffers assigned to that transport channel and MAC buffer of DCH1. Buffer 2 for DCH 2 is the same case. Buffer status of the CCTrCH is figured out the sum of buffer 1 + buffer 2. At the beginning, the MAC sets double thresholds, upper and lower, as received from the RRC, and monitors the buffer status of CCTrCH every transmission time. The moment the value of CCTrCH is out of range between THU and THL, the MAC indicates the current status of traffic volume to RRC. After reporting to the RRC, MAC receives the new threshold depending on the procedure performed between RRC in UE and UTRAN. In this example, MAC receives new thresholds from RRC twice, while the transport channel remains the same. Third new threshold is applied to new transport channel after transport channel switching from DCH to RACH is performed. 
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[Fig 3 Buffer Status Diagram in UE]

After transport channel type switching from dedicated transport channel to common transport channel, the MAC is configured as figure 4. The MAC buffer is located in the MAC-c entity. Buffering is needed when the data is transmitted to layer 1 on transport channel, so it is sufficient to have one MAC buffer in MAC-c entity, without the MAC-d entity.

In this example, transport channel switching from DCH to RACH is explained. Lower threshold is used to indicate the traffic volume is low. In that case, RRC in UTRAN decides to allocate smaller radio resource.
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[Figure 4 MAC after transport channel type switching]
6. Proposed changes to UTRAN Specification

6.1 TS 25.302

It is proposed that the section 3.2 be incorporated in section 8 Traffic Volume Monitoring.

6.2 TS 25.321

It is proposed that the section 3.3 and 4 be incorporated in section 11 of MAC protocol specification.

6.3 TR 25. 922

It is proposed that the section 5 be added in a new chapter of RRM specification

6.4 TS 25.331 

10.2.7.15 Traffic volume measurement quantity
Contains the measurement quantity information for a traffic volume measurement.
Parameters 
REFERENCE
TYPE
NOTE

RLC buffer payload

M


MAC buffer payload

M


RLC buffer average

M


MAC buffer average

M


RLC buffer variance

M


MAC buffer variance

M


10.2.7.20 Traffic volume reporting quantity
Contains the reporting quantity information for a traffic volume measurement.

 Parameters 
REFERENCE
TYPE
NOTE

RLC buffer payload for each RAB

O


RLC buffer average for each RAB

O


RLC buffer variance for each RAB

O


MAC buffer payload for each Transport channel

O


MAC buffer average for each Transport channel

O


MAC buffer variance for each Transport channel

O


Period to be measured

O


DL Transport CH BLER

O


DL Transport CH BER

O
FFS

UE Transmission Power

O


UE Position

O


Cell ID

O
FFS

10.2.7.25 Traffic volume measurement reporting criteria

Contains the measurement reporting criteria information for a traffic volume measurement.
 Parameters 
REFERENCE
TYPE
NOTE

Common parameter for all transport CH










For each transport CH
Transport CH ID

M





M


For each CCTrCH
Lower Threshold

M



Upper Threshold

M



Time to trigger

M
Indicates the period of time between the timing of event detection and the timing of sending Measurement Report.


Amount of reporting

M
Measurement for the indicated Transport CH ID is “released” after the indicated amount of reporting from the UE itself.

FFS


Reporting interval

M
Indicates the interval of periodical report during the event is in the detected state 

FFS
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