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2
General

The radio sub‑system link control aspects that are addressed are as follows:

‑
Handover;

‑
RF Power control, including fast power control for ECSD and enhanced power control for TCH and O-TCH;

‑
Radio link Failure;

‑
Cell selection and re‑selection in Idle mode, in Group Receive mode and in GPRS mode (see 3GPP TS 43.022);

-
CTS mode tasks.

Handover is required to maintain a call in progress as a MS engaged in a point‑to‑point call or with access to the uplink of a channel used for a voice group call passes from one cell coverage area to another and may also be employed to meet network management requirements, e.g. relief of congestion.

Handover may occur during a call from one TCH or multiple TCHs (in the case of multislot configuration) to another TCH or multiple TCHs. It may also occur from DCCH to DCCH or from DCCH to one or multiple TCH(s), e.g. during the initial signalling period at call set‑up.

The handover may be either from channel(s) on one cell to other channel(s) on a surrounding cell, or between channels on the same cell which are carried on the same frequency band. Examples are given of handover strategies, however, these will be determined in detail by the network operator.

For a multiband MS, specified in GSM 02.06, the handover described is also allowed between any channels on different cells which are carried on different frequency bands, e.g. between a GSM 900/TCH and a DCS 1 800/TCH. Handover between two co‑located cells, carried on different frequency bands, is considered as inter‑cell handover irrespective of the handover procedures used.

For a multi-RAT MS, i.e. an MS supporting multiple radio access technologies, handover is allowed between GSM and other radio access technologies.

NOTE:
At handover, the MS will normally not be able to verify the PLMN of the target cell and will thus assume that the same system information apply after the handover unless the network provides new system information.

Adaptive control of the RF transmit power from an MS and optionally from the BSS is implemented in order to optimize the uplink and downlink performance and minimize the effects of co‑channel interference in the system.

The criteria for determining radio link failure are specified in order to ensure that calls which fail either from loss of radio coverage or unacceptable interference are satisfactorily handled by the network. Radio link failure may result in either re‑establishment or release of the call in progress. For channels used for a voice group call, an radio uplink failure results in the freeing up of the uplink.

Procedures for cell selection and re‑selection whilst in Idle mode (i.e. not actively processing a call), are specified in order to ensure that a mobile is camped on a cell with which it can reliably communicate on both the radio uplink and downlink. The operations of an MS in Idle Mode are specified in 3GPP TS 43.022.

Cell re-selection is also performed by the MS when attached to GPRS, except when the MS simultaneously has a circuit switched connection. Optional procedures are also specified for network controlled cell re-selection for GPRS. Cell re-selection for GPRS is defined in subclause 10.1.

For a multi-RAT MS, cell selection and re-selection is allowed between GSM and other radio access technologies.

An MS listening to a voice group call or a voice broadcast use cell re‑selection procedures to change cell. This may be supported by a list of cells carrying the voice group or voice broadcast call downlink, provided to the MS by the network. The operations of an MS in Group Receive Mode are specified in 3GPP TS 43.022.

Information signalled between the MS and BSS is summarized in tables 1, 2 and 3. A full specification of the Layer 1 header is given in 3GPP TS 44.004, and of the Layer 3 fields in 3GPP TS 44.018 and 3GPP TS 44.060.

For CTS, information signalled between the CTS-MS and CTS-FP is summarized in tables 4, 5 and 6. A full specification of the CTS Layer 3 fields is given in 3GPP TS 44.056.

For COMPACT, specific procedures are defined in clause 12.


***   Next modified section   ***

4
RF power control

4.1
Overall process

RF power control is employed to minimize the transmit power required by MS or BSS whilst maintaining the quality of the radio links. By minimizing the transmit power levels, interference to co‑channel users is reduced.

4.2
MS implementation

RF power control shall be implemented in the MS.

The power control level to be employed by the MS on each uplink channel, except PDCH, is indicated by means of the power control information sent either in the layer 1 header of each SACCH message block (see 3GPP TS 44.004) on the corresponding downlink channel, or in a dedicated signalling block (see 3GPP TS 44.018). Power control for PDCH is defined in subclause 10.2.

The MS shall employ the most recently commanded power control level appropriate to each channel for all transmitted bursts on either a TCH (including handover access burst), FACCH, SACCH or SDCCH.

The MS shall confirm the power control level that it is currently employing in the SACCH L1 header on each uplink channel. The indicated value shall be the power control level actually used by the mobile for the last burst of the previous SACCH period.

When on an E-TCH, the MS shall, if so indicated by the BSS in the SACCH L1 header (see 3GPP TS 44.004) or Assignment command (see 3GPP TS 44.018), use FPC (fast power control). The MS shall employ the most recently commanded fast power control level on each uplink E-TCH channel. The power control level to be employed by the MS is indicated by means of the power control information sent via E-IACCH once every FPC reporting period (see subclause 4.7). If FPC is in use, the MS shall report, in the SACCH L1 header, the power control level used at the end of the normal power control reporting period. 

When on an E-TCH using 8 PSK for the uplink, the MS shall use the E-IACCH in the uplink for fast measurement reporting. 

When assigned a TCH or O-TCH, the MS shall configure the channel in enhanced power control (EPC) mode if so commanded by BSS in the channel assignment (see 3GPP TS 44.018). On such a channel, EPC may be used for uplink power control and/or downlink power control.

When on a channel in EPC mode,

· the MS shall use the EPCCH in the uplink for EPC measurement reporting (see subclause 8.4.1b).

· the MS shall, depending on what is signalled in the L1 header of the downlink SACCH (see 3GPP TS 44.004) and during channel assignment (see 3GPP TS 44.018), obey either the EPC Uplink Power Control Command (sent on the EPCCH in the downlink) or the Ordered MS Power Level (sent in the L1 header of the downlink SACCH).

- If the signalling indicates that EPC shall be used in the uplink, the MS shall employ the most recently commanded EPC power control level, as indicated by the EPC Uplink Power Control Command sent on the corresponding EPCCH in the downlink. The EPC Uplink Power Control Command is sent once every EPC reporting period (see subclause 8.4.1b). The MS shall ignore the Ordered MS Power Level sent in the SACCH L1 header in the downlink.

- If the signalling indicates that normal power control shall be used in the uplink, the MS shall ignore the EPC Uplink Power Control Command and use normal power control.

· the MS shall confirm, in the SACCH L1 header on the uplink, the RF power control level used at the last burst of the previous SACCH period, as specified for normal power control.

NOTE:
The term "normal power control" is used in this specification only for clarification and is otherwise only referred to as "power control".

In case of a multislot configuration, each bi‑directional channel shall be power controlled individually by the corresponding SACCH, E-IACCH or EPCCH, whichever is applicable. Power control information on downlink unidirectional channels shall be neglected.

When accessing a cell on the RACH (random access) and before receiving the first power command during a communication on a DCCH or TCH (after an IMMEDIATE ASSIGNMENT), all MS except class 3 DCS 1 800 MS shall use the power level defined by the MS_TXPWR_MAX_CCH parameter broadcast on the BCCH of the cell. The class 3 DCS 1 800 MS shall use the power level defined by MS TXPWR MAX CCH plus the value POWER OFFSET also broadcast on the BCCH of the cell.

If a power control level defined in 3GPP TS 45.005 is received but the level is not supported by the MS, the MS shall use the supported output power which is closest to the output power indicated by the received power control level.

4.3
MS power control range

The range over which a MS shall be capable of varying its RF output power shall be from its maximum output down to its minimum, in steps of nominally 2 dB.

3GPP TS 45.005 gives a detailed definition of the RF power level step size and tolerances.

The fast power control scheme for ECSD and the enhanced power control scheme for TCH and O-TCH are based on differential control to adjust the employed RF power level. The possible DL power control commands are listed in the following table.

Codeword
Power control command

0
Not used

1
Increase output power by four power control levels

2
Increase output power by three power control levels

3
Increase output power by two power control levels

4
Increase output power by one power control level

5
No output power level change

6
Decrease output power by one power control level

7
Decrease output power by two power control levels

If a power control command is received but the requested output power is not supported by the MS, the MS shall use the supported output power which is closest to the requested output power.

4.4
BSS implementation

RF power control, including fast power control for ECSD and enhanced power control for TCH and O-TCH, may optionally be implemented in the BSS.


***   Next modified section   ***
4.7.3
Enhanced Power Control

When on a TCH or O-TCH in enhanced power control (EPC) mode, the MS shall for uplink power control obey either the EPC Uplink Power Control Commands or the Ordered MS Power Level. This is controlled by signalling via the SACCH L1 header in the downlink (see 3GPP TS 44.004) and during channel assignment (see 3GPP TS 44.018). The type of power control commands to be obeyed by the MS during one SACCH period is determined by what is signalled in the L1 header during the previous SACCH period and, before any SACCH block has been correctly decoded, by what is signalled during channel assignment.

NOTE: This signalling via the SACCH L1 header and during channel assignment only controls the uplink power control mechanism. EPC measurement procedures shall always be followed by the MS when on a TCH or O-TCH in EPC mode.

When the MS is ordered to obey the Ordered MS Power Level, the timing according to subclause 4.7.1 applies.

When the MS is ordered to obey the EPC Uplink Power Control Command, it shall, upon receipt of an EPC Uplink Power Control Command on an EPCCH in the downlink, change to the new power level on the corresponding uplink channel at the first TDMA frame belonging to the next EPC reporting period (as specified in subclause 8.4.1b).


***   Next modified section   ***

8
Radio link measurements

Radio link measurements are used in the handover and RF power control processes.

In particular, radio‑subsystem directed handover is defined as a change of channel(s) during a call either because of degradation of the quality of one or more of the current serving channel(s), or because of the availability of other channel(s) which can allow communication at a lower TX power level, or to prevent a MS grossly exceeding the planned cell boundaries.

Additional measurements, so called Extended measurements, can e.g. be used for frequency planning purposes.

The measurements are made over each SACCH multiframe, which is 104 TDMA frames (480 ms) for a TCH and 102 TDMA frames (470,8 ms) for an SDCCH. Additionally, when in E-TCH mode, quality measurements shall also be made over each FPC reporting period. Additionally, when on a TCH or O-TCH in enhanced power control (EPC) mode, quality measurements shall also be made over each EPC reporting period.

For a multi-RAT MS, measurements on other radio access technologies may be performed during search frames that are not required for BSIC decoding. If indicated by the parameter 3G_SEARCH_PRIO, the MS may use up to 25 search frames per 13 seconds without considering the need for BSIC decoding in these frames.


***   Next modified section   ***
8.2.2
Physical parameter

The received signal quality shall be measured by the MS and BSS in a manner that can be related to an equivalent average BER before channel decoding (i.e. chip error ratio), assessed over the reporting period of 1 SACCH block.

For FPC, the received signal quality for each E-TCH shall be measured by the MS and BSS in a manner that can be related to the average BER before channel decoding, assessed over one FPC reporting period.

For each TCH or O-TCH in EPC mode, the received signal quality shall be measured by the MS and BSS in a manner that can be related to the average BER before channel decoding, assessed over one EPC reporting period (as specified in subclause 8.4.1b), if at least one speech frame, SID frame, FACCH frame or data frame has been received on the TCH or O-TCH during the EPC reporting period.

For example, the measurement may be made as part of the channel equalization process, decoding process, pseudo‑error rate measurement etc.

For MEAN_BEP and CV_BEP reporting purposes, the received signal quality for each channel shall be measured on a burst-by-burst basis by the MS and BSS in a manner that can be related to the BEP (Bit Error Probability) for each burst before channel decoding using, for example, soft output from the receiver.

8.2.3
Statistical parameters

8.2.3.1
RXQUAL

For each channel, the measured parameters (RXQUAL) shall be the received signal quality, averaged on that channel over the reporting period of length one SACCH multiframe defined in subclause 8.4. In averaging, measurements made during previous reporting periods shall always be discarded.

Contrary to RXLEV measurements, in calculating RXQUAL values, measurements on bursts on the BCCH carrier shall always be included in the averaging process.

For E-TCH the average BER shall for every FPC reporting period be mapped to the RXQUAL scale according to chapter 8.2.4, producing the parameter RXQUAL_FAST which is reported to the network via E-IACCH.

For each TCH or O-TCH in EPC mode, the average BER shall for every EPC reporting period for which an average BER measurement for the TCH or O-TCH exists be mapped to the RXQUAL scale according to chapter 8.2.4, producing the parameter RXQUAL_EPC. RXQUAL_EPC is reported to the network in an EPC Downlink Quality Report via EPCCH, as specified in subclause 8.4.1b.


***   Next modified section   ***
8.4.1
Measurement reporting for the MS on a TCH

For a TCH, the reporting period of length 104 TDMA frames (480 ms) is defined in terms of TDMA frame numbers (FN) as follows:

Timeslot number (TN)


TDMA frame number (FN) modulo 104



TCH/F 
TCH/H,subch.0
TCH/H,subch.1
Reporting period
SACCH Message block

0
0 and 1

0 to 103
12, 38, 64, 90

1

0 and 1
13 to 12
25, 51, 77, 103

2
2 and 3

26 to 25
38, 64, 90, 12

3

2 and 3
39 to 38
51, 77, 103, 25

4
4 and 5

52 to 51
64, 90, 12, 38

5

4 and 5
65 to 64
77, 103, 25, 51

6
6 and 7

78 to 77
90, 12, 38, 64

7

6 and 7
91 to 90
103, 25, 51, 77

For a multislot configuration, the reporting period and SACCH Message block for each timeslot is defined as for TCH/F for TN = 0.

When on a TCH, the MS shall assess during the reporting period and transmit to the BSS in the next SACCH message block the following:

‑
RXLEV for the BCCH carrier of the 6 cells with the highest RXLEV among those with known and allowed NCC part of BSIC. For a multi band MS the number of cells, for each frequency band supported, which shall be included is specified in subclause 8.4.3. For a cell of other radio access technology, see subclauses 8.1.5 and 8.4.7.

NOTE 1:
Since there are 104 TDMA frames in each SACCH multiframe (and measurement in 4 frames is optional), the number of samples on each BCCH carrier will depend on the number of carriers defined in the BCCH Allocation (BA) and may be different. The following table gives examples of this.

Number of BCCH carriers
Number of samples per

in BCCH Allocation
carrier in SACCH multiframe

32
3‑4

16
6‑7

10
10‑11

8
12‑13

:
:

:
:


These figures are increased if the MS is able to make measurements on more than one BCCH carrier during each TDMA frame.

‑
RXLEV_FULL and RXQUAL_FULL:

RXLEV and RXQUAL for the full set of TCH and SACCH TDMA frames. The full set of TDMA frames is either 100 (i.e. 104 ‑ 4 idle) frames for a full rate TCH or 52 frames for a half‑rate TCH.

‑
RXLEV_SUB and RXQUAL_SUB:

RXLEV and RXQUAL for the subset of 4 SACCH frames and the SID TDMA frames/ SID_UPDATE frames/L2 fill frames defined in 8.3.

In case of data traffic channels TCH/F9.6, TCH/F4.8, TCH/H4.8 and TCH/H2.4, the RXQUAL_SUB report shall include measurements on the TDMA frames given in the table of subclause 8.3 only if L2 fill frames have been received as FACCH frames at the corresponding frame positions. If no FACCH frames have been received at the corresponding frame positions, the RXQUAL_SUB report shall include measurements on the 4 SACCH frames only. The performance requirements of subclause 8.2.4 do not apply in this case for RXQUAL_SUB.

In case of half rate speech channel TCH/HS, if an SID frame or a speech frame as defined in subclause 8.3 is replaced by an FACCH frame, the RXQUAL measurement on these frames shall be excluded from the RXQUAL SUB report. The performance requirements of subclause 8.2.4 do not apply in this case for RXQUAL SUB.

In case of half rate traffic channel TCH/H in signalling only mode, -SUB values are set equal to the -FULL values in the SACCH message, since DTX is not allowed in this case.

In the case of TCH/AFS, TCH/AHS or O-TCH/AHS, the RXLEV_SUB and RXQUAL_SUB shall take into account all detected SID_UPDATE frames in addition to the 4 SACCH frames.

NOTE 2:
If measurement on the BCCH carrier is not used, the number of TDMA frames used in the RXLEV averaging process may be lower than the number of TDMA frames in the set see subclause 8.1.3.

In case of a multislot configuration, the MS shall report the following according to the definition above:

‑
on the main SACCH: the RXLEV values from the adjecent cells, RXLEV_FULL and RXLEV_SUB from the main channel and the worst RXQUAL_FULL values and RXQUAL_SUB values from the main channel and the unidirectional channels;

‑
on each other bi‑directional SACCH: the RXLEV values from the adjecent cells, RXLEV_FULL, RXLEV_SUB, RXQUAL_FULL and RXQUAL_SUB from the corresponding channel.

8.4.1.a
Measurement reporting for the MS on an E-TCH in FPC mode

For an E-TCH, the FPC reporting period of length 4 TDMA frames (20 ms) is defined according to chapter 4.7, 

When on an E-TCH using 8PSK for the uplink, the MS shall, in addition to what is specified in chapter 8.4.1, assess during the FPC reporting period and transmit to the BSS in the next scheduled FPC inband message (see chapter 4.7) the following:

· RXQUAL_FAST:

RXQUAL for the set of 4 TDMA frames.

8.4.1.b
Measurement reporting for the MS on a TCH or O-TCH in EPC mode

For a TCH or O-TCH in enhanced power control (EPC) mode, the EPC reporting period of length 26 TDMA frames (120 ms) is defined in terms of TDMA frame numbers (FN) as follows:

Timeslot number (TN)


TDMA frame number (FN) modulo 26



Full rate
Half rate, subch.0
Half rate, subch.1
Reporting period
EPCCH Message block

0,2,4,6
0…7

0 to 25
12

1,3,5,7

0…7
13 to 12
25

For a multislot configuration, the EPC reporting period and EPCCH Message block for each timeslot is defined as for a full rate channel for TN = 0. 

For a TCH or O-TCH in EPC mode, the MS shall, in addition to what is specified in subclause 8.4.1, transmit an EPC Downlink Quality Report to the BSS in each scheduled EPCCH on the uplink, containing the assessed RXQUAL_EPC (as specified in subclause 8.2.3.1). During one EPC reporting period, The RXQUAL_EPC corresponding to the previous EPC reporting period shall be reported. If no RXQUAL_EPC exists for the previous EPC period due to DTX in the downlink, the MS shall report the RXQUAL_EPC value for the last EPC period for which a such value exists.

In case of a multislot configuration, the MS shall report the following according to the definition above:

‑
on the main SACCH: the worst RXQUAL_EPC value from the main channel and the unidirectional channels;

‑
on each other bi‑directional SACCH: the RXQUAL_EPC from the corresponding channel.


***   Next modified section   ***
B.7
Interworking between normal and enhanced power control (EPC)

Interworking between normal and enhanced power control (EPC) is done so that the normal power control may be running even if enhanced power control is activated. This means that both the BSS and the MS shall, at all times when on a TCH or O-TCH in EPC mode, estimate the radio link quality plus send power level commands and link quality reports respectively based on the cycle of the reporting period of length 104 TDMA frames (as specified in subclause 8.4). When EPC in the uplink is activated though, the power level commands sent via SACCH are ignored by the MS.

Switching between normal and enhanced power control always takes place at the beginning of a (normal) reporting period.

The figure below illustrates the simultaneous operation of the two power control mechanisms and their respective functional blocks.
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The BSC has the control over which power control loop is in use. For the uplink power control, this is signalled with one control bit on the Abis interface to the BTS, which in turn informs the MS, when the enhanced power control shall be used. 

The specific power control algorithm to be used for enhanced power control is, as is the case for normal power control, implementation dependent and is thus not standardised.
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