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1. Introduction

While FLO is being standardised in Rel-6 for GERAN Iu mode in both CS and PS domains, no conclusion has been reached yet regarding the standardisation of FLO for the A interface in A/Gb mode. The purpose of this document is to present how FLO can be introduced over the A interface. In a first section a detailed and complete technical solution is presented. Then a summary of the impacts on the A interface is given. In a third section, the performance of FLO for the A interface from both link level and network level viewpoints are shown. Finally conclusions are drawn in the last section of this document.

2. How can FLO be introduced on the A interface

2.1 Architecture

2.1.1 Reference architecture

The figure below illustrates the GERAN A/Gb mode reference architecture. The CS domain is highlighted in yellow.
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Figure 1 - GERAN A/Gb mode Reference Architecture

2.1.2 Protocol architecture in GERAN A/Gb mode – CS domain

The figures below represent the protocol architecture in CS domain of GERAN A/Gb mode for user-plane and control-plane, respectively.
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Figure 2 - CS user-plane protocol architecture in GERAN A/Gb mode
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Figure 3 - CS control-plane architecture in GERAN A/Gb mode
2.2 BSS

2.2.1 Physical Layer

The physical layer to provide FLO for the A interface is the same as for Iu mode. All functions and procedures introduced for FLO in 45.xxx series are equally applicable to the A interface. Thus, from a physical layer point of view, FLO is ready for the A interface and no additional standardisation work is foreseen unless there is a need to define a generic Link Adaptation mechanism (see section 2.2.4).

2.2.2 RR and Signalling

The same parameters as for Iu mode have to be indicated by RR to the lower layers in order to configure the FLO [2]: the transport channel identity (TrCH Id) and transport format set for each transport channel; the transport format combination set (TFCS) through CTFC; and the semi-static parameters for the configuration of the basic physical subchannel. In [2], it can also be found what this means in terms of overhead: 20 octets to be signalled by RR in order to configure FLO for a typical AMR call.

The FLO parameters will be added to the following messages:

· Channel Assignment procedures: ASSIGNMENT COMMAND; 

· Handover procedures: HANDOVER COMMAND.

The impact on the assignment and handover procedures is that the Channel Mode IE is becoming conditional instead of mandatory in the following messages: ASSIGNMENT COMMAND and HANDOVER COMMAND.

FLO will not be configured during the immediate assignment. The Assignment command message and handover command will be the messages that will setup or reconfigure FLO.

2.2.2.1 Channel assignment

The initial FLO configuration is done during call setup: 

· First the MS sends to the MSC the SETUP message where the current GSM capabilities are included in the Bearer Capability (where all the supported speech codecs are indicated), and in the Supported Codec List IE (if the multirate speech is indicated).

· Based on the information received in the SETUP message, the MSC is then capable to choose the right codecs and send them in the ASSIGNMENT REQUEST message to the BSS. 

· The BSS knows if the MS supports FLO from Classmark3 IE and can decide to add FLO information to the ASSIGNMENT COMMAND message sent over the air interface down to the MS.
· The ASSIGNMENT COMMAND carrying FLO parameters for configuring FLO is finally sent down to the MS. The ASSIGNMENT COMMAND contains FLO IEs now instead of Channel Description and Channel mode IEs. These are becoming conditional IEs. The call-setup scenario is presented in Annex C. 

If the BSS doesn’t support FLO then MS uses the default configuration.

2.2.2.2 Handover procedures

The handover scenarios are presented in Annex C. The semi-static and dynamic attributes are added to the Handover Command conditional. The HANDOVER COMMAND message contains the FLO IEs which are: TrCH id, Rate matching IE, Interleaving IE, TFCS IE, CRC size IE, TB size, Mode and Modulation IE.

When the MS and the target BSS support FLO, the target BSC sends back the allocated set of the FLO parameters in the new cell to the MS in the HO COMMAND message.

If the source and the target have the same configuration then the indication of FLO and the indication that the same configuration is used should be signalled. 

If the Target doesn’t support FLO at all then the default channel configuration should be used.

If the source and the target have different configuration but both support FLO then the parameters, which are different, should be sent to the target.

2.2.3 Generic TRAU frame structure

To ensure that new services can be easily introduced on the A interface, it is also proposed to introduce the concept of a generic TRAU frame format (rather than introduce different frame formats to later releases).

The proposed format is based on the frame format used for AMR, but with a number of small changes: 

· speech data will need to be stored within the TRAU frame in order of increasing subjective importance and the CRC will need to be computed for the class A bits over the whole 20ms;

· some logic will be necessary in order to map the frame content to the Transport Channels and to instruct the CRC encoder when a frame contains corrupted data (when in TFO).

2.2.3.1 Unequal error detection

Whilst unequal error detection is performed over both the Abis and over the air interfaces, there are a number of differences that must be taken into account if we are to avoid having to introduce codec specific functions within the FLO.

Over the Abis interface, CRC protection is performed over 5ms sections of speech and as a consequence, speech data is stored in the TRAU frame in 5ms blocks starting from the 1st 5ms subframe followed by the CRC for the class A bits for this 1st subframe. The process is then repeated for the next 3 subframes (e.g. see 3GPP TS 48.060 section 5.5.1.2.2).

Over the air interface, CRC protection is performed over the whole 20ms frame. Consequently, speech data is stored in order of increasing importance in 20ms blocks starting with the class A bits followed by the CRC then the class B bits.

A codec specific mapping function is thus employed within the L1 to covert between the two formats (e.g. see 3GPP TS 45.005 Tables 7 to 14).

To avoid having to introduce this codec specific mapping within the FLO, two options are possible:

· either the speech is sent over the Abis in 20ms blocks, as is done over the air interface, and error concealment is performed over 20ms instead of 5ms;

· or the speech is sent over the air interface in 5ms blocks, by configuring four Transport Channels instead of one for the class A bits.

Whilst extending the granularity of error concealment from 5ms to 20ms would have an impact on voice quality, it is possible that this impact would not be significant, because errors on the Abis interface (that are not sync related) are not expected to be worse than those over the air interface, where error concealment is based on 20ms anyway. In addition, the latter proposal to transport each 5ms block over a separate TrCH will require additional CRC and tail overhead.

Therefore, it is proposed that the data be stored within the TRAU frame in order of increasing importance and that the CRC be computed for the class A bits over the whole 20ms.

2.2.3.2 Support of DTX, LA and TFO

In AMR, the content of a TRAU frame is determined by the DTX, LA and TFO mechanisms: speech is sent during talks spurts, no data or comfort noise is sent during silent periods and indicators are sent that mark the boundaries between the two. When speech is sent, the TRAU frame may contain data from one of a number of speech modes, and when TFO is in use, indicators may also be sent to indicate the presence of errors within the speech or comfort noise data.

To indicate this information to the layer 1, a combination of indicators are used within the control bits (and in the case of no speech, within the data bits as well), so that the layer 1 can select the correct channel coding scheme and indicate the content to the MS receiver. For example, in the case of AMR (Table 1), the Frame_Classification indicator is used to indicate whether the frame contains speech (as well as its quality), the CMI/CMR is used to indicate the codec mode used to encode the speech, and No_Speech_Classification is used to indicate the content when the frame does not contain speech (see 48.060 section 5.5.1.2.1).

Table 1 - Indicators used within the TRAU frame. 
	Indicator
	Description

	Frame_Classification
	00
	No_Speech

	
	11
	Speech_Good

	
	10
	Speech_Degraded

	
	01
	Speech_Bad

	CMI/CMR
	000
	Codec_Mode 4,75 kbit/s

	
	001
	Codec_Mode 5,15 kbit/s

	
	010
	Codec_Mode 5,90 kbit/s

	
	011
	Codec_Mode 6,70 kbit/s

	
	100
	Codec_Mode 7,40 kbit/s

	
	101
	Codec_Mode 7,95 kbit/s

	
	110
	Codec_Mode 10,2 kbit/s

	
	111
	Codec_Mode 12,2 kbit/s

	No_Speech_Classification
	111
	Sid_First

	
	110
	Onset

	
	101
	Sid_Update

	
	100
	Sid_Bad

	
	000
	No_Data


Assuming the DTX & LA mechanisms will be a requirement of any new codec, and if the layer 1 is a FLO, then some additional logic will be necessary to map these indicators to the appropriate TFCI. A suggested mapping is proposed in Table 2.

When TFO is supported, some means is needed to trigger the error concealment mechanism in the MS when corrupted speech or comfort noise data is received from the far end (SPEECH_BAD and SID_BAD). This is conventionally done in the layer 1 by inverting the CRC bits before convolutional encoding. If TFO were to be supported by FLO, then the CRC calculation in FLO would also need to be able to invert the bits when corrupted speech or comfort noise data is indicated in the TRAU frame.

Table 2 - Example translation between indicators used in AMR and the TFCI.
	Frame_Classification
	RIF
	CMI/CMR
	No_Speech_Classification
	TFCI

	Speeech_Good or Speech_Degraded or Speech_Bad
	0
	Codec_Mode A
	N/A
	0 0 0 1

	
	0
	Codec_Mode B
	
	0 0 1 0

	
	0
	Codec_Mode C
	
	0 0 1 1

	
	0
	Codec_Mode D
	
	0 1 0 0

	
	0
	Codec_Mode E
	
	0 1 0 1

	
	0
	Codec_Mode F
	
	0 1 1 0

	
	0
	Codec_Mode G
	
	0 1 1 1

	
	0
	Codec_Mode H
	
	1 0 0 0

	
	1
	X
	
	TFCI of previous frame

	No_Speech
	X
	X
	Sid_First
	1 0 0 1

	
	X
	X
	Sid_Update or Sid_Bad
	1 0 1 0

	
	X
	X
	No_Data
	N/A

	Note 1: X denotes 'don't care'

Note 2: RIF=1 indicates that the CMI/CMR corresponds to a codec mode request, and that the codec mode indicator shall take on the same value as the previous frame

Note 3: 'No_Data' indicates that nothing shall be transmitted during the current frame


2.2.4 Generic Link Adaptation

Link adaptation for FLO over the A-interface can be implemented using the same procedures as are used for AMR today. The fast signalling link adaptation is performed through inband signalling which are interleaved with the speech bits, see section 5.1. The only major exception compared to how AMR operates today, is that there would be no need for the Codec Mode Indication (CMI), since for FLO this is already implemented in the TFCI. 

Alternatively, a more generic link adaptation scheme could be implemented. The nature of FLO allows for a more flexible LA, which could be configured at call setup by specifying a TrCH to be used for LA signalling. That is, a TrCH could be used to carry link quality reports in the UL direction based on e.g. BEP measurements in the MS. The control of the LA would then be left entirely to the NW, and the MS would serve as a slave device which simply delivers link quality reports when requested. To reduce signalling overhead whilst still providing sufficient protection, these reports could be coded using the same block codes as are used for the TFCI coding. This would allow a granularity (or precision) of up to 32 steps in a report. For instance, using a 4-bit code would allow for 16 steps between e.g. 0 and 50 % for the BEP values. That is, an accuracy of 50/16 % per step on a linear scale.  

In the DL direction the code words would simply indicate which TFC to use in the UL direction for the next TTI and onwards. So whenever, the MS receives a radio packet which contains a transport block from the LA TrCH, it simply decodes the TB using block decoding as if the Transport Block was a TFCI. The decoded message is then to be interpreted as the next TFC to use in the UL. 

Using this scheme would allow for a very flexible NW controlled LA, where all MSs provide link quality reports using a standardized measure such as the BEP. An advantage of this compared to the existing LA scheme is that no implementation specific options such as channel normalization is required. Furthermore, the fact that the MS acts as a slave device will provide the NW with more degrees of freedom when selecting the TFCs to use, since it allows for additional processing of the reports received from the MS. For instance, the NW may apply additional averaging of the BEP reports if a long term BER is to be utilized to perform LA. 

2.3 NSS

The FLO Indication will be signalled in the Classmark 3 IE to the CN. 

No impacts on the MSC side are foreseen by introducing FLO for CS services as long as it is used for real time media services only (i.e. not data). IF frame format change and affect MSC, then MSC has to have more control over FLO usage.

The BSS will inform MSC about the FLO speech version by indicating in the ASSIGNMENT COMPLETE, HANDOVER PERFORMED and HANDOVER REQUEST ACK messages that FLO is in use. BSS could inform MSC for statistics purposes if it is using FLO information in the new IE [FLO Speech Version (Chosen) IE].
The FLO Indication and FLO parameters (e.g. TrCH id) will be added to the existing transparent containers used in the relocation procedures, but these changes will be transparent to the CN.

3. Summary of the impacts

The table below lists the specifications that will be affected by the introduction of FLO for the A interface, and for each of them it summarizes what the impacts are.

Table 3 - Impacts Summary
	Specification
	Impacts

	24.008
	Class mark 

	44.004
	Editorial changes to make the FLO text applicable to A interface as well

	44.018
	Handover procedures and Inter-mode handover procedures

	44.118
	Inter-mode handover procedures

	25.413
	FLO Indication is added to the Transparent Containers

	25.331
	Handover From UTRAN procedures

	48.008
	FLO Speech Version (Chosen) IE is added to the following messages 
ASSIGNMENT COMPLETE, HANDOVER PERFORMED, HANDOVER REQUEST ACK

	48.060
	Generic TRAU frame structure

	48.061
	Generic TRAU frame structure

	45.xxx
	Editorial changes to make the FLO text applicable to A interface as well
Possible changes to optimise LA ?


4. How does FLO perform

As previously described, FLO allows the provision of real-time services in a flexible and efficient manner. The purpose of this section is to assess the performance of FLO for such services over the A interface by using the narrowband AMR as an example. 

4.1 Link level performance

In order to get a realistic picture of the link level performance across the different AMR codec modes, five different modes were simulated: 12.2 kbit/s, 10.2 kbit/s, 7.4 kbit/s, 5.9 kbit/s, and 4.75kbit/s. The performance of these AMR codec modes over FLO was then compared with the performance of the corresponding traffic channels (TCH/AFS) in order to determine the possible gains or losses.

4.1.1 Configuration

The transport channels and the basic physical subchannel were configured according to the existing AMR channels (TCH/AFS). Two transport channels were thus needed: one TrCH for the class A bits and one TrCH for the class B bits. The coding rates of these channels were adjusted to match the coding rates of the existing logical channels. In order to take into account the static nature of RMA, the same set of rate matching attributes was used with all codec modes. These rate matching attributes were optimised for AMR 12.2, since this codec mode should be among the most utilized ones. The used rate matching attributes, CRC lengths, and TB lengths can be found in Table 4 below: 

Table 4 - TrCH parameters for the link level simulations
	 Transport channel
	CRC
	RMA
	TB length

	
	
	
	12.2
	10.2
	7.4
	5.9
	4.75

	A (class A + inband)
	6
	6
	83
	67
	63
	57
	41

	B (class B)
	0
	5
	163
	139
	87
	63
	56


The channel mode was full-rate and the interleaving depth 40 ms. In order to assess the impact of 8PSK modulation, the simulations were carried out with both modulation methods. For the indication of transport formats, a TFCI of three bits was used. This configuration enables e.g. five transport format combinations for the active codec set, two TFCs for the DTX signalling, and one TFC for a control channel.

The simulations were carried out on TU3iFH environment on 900 MHz band. The interference was of co-channel type and typical receiver impairments were included. The simulation length was 20000 speech frames.

4.1.2 Results from the link level simulations

The results from the link level simulations are shown in Annex A and summarized in Table 5 below. 

Table 5 – Summary of the link level results
	Codec mode
	Modulation
	C/Ico [dB] (FER=1%)
	Gain to TCH/AFS

	12.2
	GMSK
	9.01
	0.00

	
	8PSK
	6.42
	2.59

	10.2
	GMSK
	7.52
	0.48

	
	8PSK
	5.39
	2.61

	7.4
	GMSK
	5.65
	0.47

	
	8PSK
	4.10
	2.02

	5.9
	GMSK
	4.74
	-0.21

	
	8PSK
	3.29
	1.24

	4.75
	GMSK
	3.64
	-0.03

	
	8PSK
	2.31
	1.30


The main observations are:

· With GMSK modulation, the link level performance of FLO is very similar to the link level performance of TCH/AFS.

· With 8PSK modulation, FLO improves the link level performance from 1.3 to 2.6 dB.

4.2 System level performance

The system level performance was studied with a dynamic high resolution GSM/EDGE system simulation tool. The simulator uses non-averaged burst level mapping between system and link simulators. The method models FER vs. CIR performance with an accuracy of 0.5 dB and allows easy implementation of the new required FLO optimized channels. The look-up tables were based on the link level results presented in [1]. The simulations were carried out with AMR 12.2 codec (no adaptation), the reference traffic channel being TCH/AFS 12.2.

4.2.1 Configuration

The simulations were divided into coverage and interference limited cases. The performance of these cases was examined using Frame Erasure Ratio (FER) as a quality measure, and a connection FER value of 1% was used as a quality threshold for satisfied user. In TCH layer random frequency hopping with 1/1 reuse plan was in use. BCCH layer was not included in the simulations. 

In interference-limited simulations, site-to-site distance was set to 1500m, which made the network interference limited. The impact on coverage was evaluated increasing the site-to-site distance up to 10 km. The coverage-limited simulations were run with low traffic density so that the connections were mostly limited by low signal level. This scenario demonstrates a tight frequency reuse network with limited cell coverage. 

Simulations were first run for a single service case (GMSK and 8PSK separately) and then for a mixed service case to evaluate the impact of 8PSK power back-off. Because the impact of power back-off was found to be quite small for the interference-limited networks, the back-off results are shown here only for the coverage limited case. The back-off was assumed to be 2 dB for the base station and 4 dB for the mobile.     

Some important simulation parameters are shown in Table 6.

Table 6 - Some network simulation parameters and algorithms
	Parameter name
	Value and unit
	Comment

	site-to-site distance
	1500 m
	interference limited network

	
	10 000 m 
	coverage limited network

	number of cells
	75
	25 3-sectorized sites

	path loss slope
	3.76
	suburban macrocells

	slow fading standard deviation
	6 dB
	

	lognormal corr. distance
	50 m
	

	fast fading
	typical urban (TU) channel
	as defined in GSM spec. 05.05

	MS speed
	3 km/h
	

	frequency hopping
	random
	MAIO-management

	power control
	quality and level based
	

	handover
	quality and level based
	HO margin 3 dB

	DTX activity TCH/AFS
	40%
	voice activity of 60%

	DTX activity FLO
	34%
	see description below


The impact of DTX was taken into account by assuming a voice activity of 60 %. In TCH/AFS, the speech frames are diagonally interleaved over 8 bursts while the SID UPDATE messages are interleaved over 4 bursts only. In FLO, all radio packets use the same interleaving scheme. This means that both the speech frames and the SID UPDATE messages are diagonally interleaved over 8 bursts when 40ms interleaving depth is used (see Figure 4). In average, the larger number of bursts transmitted reduces DTX by 14.6% compared to TCH/AFS.
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Figure 4 - The impact of DTX

4.2.2 Results from the interference limited simulations

The results from the interference-limited simulations are shown in Appendix B. The maximum network capacity for each case was defined by increasing the traffic in the network until the number of bad quality connections increased over 5% line. Maximum network capacities (95% satisfied users) are shown in Table 7. Load of the network is measured in terms of Effective Frequency Load (EFL). EFL quantifies how loaded each frequency in the network is, and thereby it is independent of the frequency reuse and site configuration. 

Table 7 – Results from the interference limited system simulations

	Codec mode
	Modulation
	Network capacity 
@ 95% QoS (EFL)
	Network capacity 
Compared to TCH/AFS

	12.2
	GMSK
	12.7
	-6.6 %

	
	8PSK
	22.7
	+ 66.9 %


The main observations are: 

· With GMSK modulation, there is a minor loss in speech capacity (7 %). This loss is due to the reduced DTX performance, as described in 4.1.1.

· With 8PSK modulation, FLO improves the speech capacity by 67%.

4.2.3 Results from the coverage limited simulations

The results from the capacity limited simulations are shown in Table 8. The performance was evaluated against TCH/AFS traffic, which achieved 95% QoS in this scenario (UL and DL balanced). 

Table 8 – Results from the coverage limited system simulations 

	Codec mode
	Modulation
	Number of bad connections (FER>1%)

	
	
	Uplink
	Downlink
	Total

	TCH/AFS 12.2
	GMSK
	3.4%
	3.5%
	5.0%

	FLO 12.2
	GMSK
	3.4%
	4.0%
	5.2%

	
	8PSK
	4.4%
	1.3%
	4.5%


The main observations are:

· With GMSK modulation, the service quality of FLO is very similar to the service quality of TCH/AFS.

· With 8PSK modulation, FLO improves the downlink quality but slightly degrades the uplink quality.

5. Conclusion

This document has given a detailed study of FLO for the A interface. The main changes are related to the introduction of a generic TRAU frame structure and possibly a generic link adaptation mechanism. FLO performance was shown to be very close to existing optimised channel coding and in some configurations FLO was even shown to outperforms these references. In brief, FLO for the A interface appears to be feasible and provides very good performance.
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Annex A – Link level results
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Annex B – System level results
 (interference limited network)
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Annex C – Signalling Scenarios

In the following, call Setup and handover scenarios are described. For the latter both intra-mode (GERAN A- GERAN A, inter-cell and external handover) and Inter-mode handovers between GERAN Iu mode and GERAN A/Gb mode are presented.

C1. Call SETUP
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Figure C1 - Call Setup for A interface

1. The MS starts the call setup. The assignment of the SDCCH channel remains the same.

2. After authentication, identification and ciphering, the MS is in SDCCH channel and ready to start call setup signalling. The MS sends the SETUP message to the BSC to be forwarded to the MSC.

3. SETUP is sent by the MS to the MSC to inform about the incoming call. The current GSM capabilities are sent in the Bearer capability and Supported Codec List IE. All the supported speech codecs are indicated in the Bearer Capability. The Supported codec list is sent if the multiRate speech is indicated. Then the network is capable to choose the right codec and sent it in the ASSIGNMENT REQUEST message. 

4. CALL PROCEEDING is the message sent by the MSC as answer. 

5. ASSIGNMENT REQUEST starts the TCH allocation. The Channel type IE is included. This message is sent via BSSMAP to the BSS and includes sufficient information in order to allow to the BSS to build the ASSIGNMENT COMMAND message.

6. PHYSICAL CONTEXT REQUEST and PHYSICAL CONTEXT CONFIRM messages are sent in order to get the actual timing advance for allocating the channel. These messages will carry the Channel number IE.

7. The BSC determines what channel shall be used and starts up this channel to the BTS by sending CHANNEL ACTIVATION message. This message contains the reason for activation (assignment command or handover), the identification of the channel (channel Number), the complete description of the channel (full/half rate, coding rate adaptation) and supported codecs. The Channel mode IE is replaced in this case by FLO information elements. Supported codec List is also sent in order to inform which are the codecs supported by the BSS.

8. If channel activation is successful then the BTS returns current FN and after that it activates the channel through A-bis. After successful activation of the channels then the Channel Activation Ack is sent.

9. The ASSIGNMENT COMMAND is delivered by BTS forward to the MS. It contains FLO IE now instead of Channel Description and Channel mode IE. These are becoming conditional IEs. ASSIGNMENT COMMAND contains the FLO IEs which are: TrCH id, Rate matching IE, Interleaving IE, TFCS IE, CRC size IE, TB size, Mode and Modulation IE. These will be used instead of Channel Mode IE. If the MS is instructed to use a FLO configuration, which is not supported, the procedure fails. If the BSS doesn’t support FLO then the default configuration is going to be used by MS.

10. After SABM and UA are established, the MS sends the ASSIGNMENT COMPLETE message. The ASSIGNMENT COMPLETE message will contain FLO information Speech Version (Chosen) IE.

11. The CHANNEL RELEASE is sent.

12. ALERTING message is send by MSC and then CONNECT to the MS. The last message indicates that the connection has been established through the network.

C2. Handover GERAN A-GERAN A, Inter Cell
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Figure C2 - Handover GERAN A- GERAN A, Inter Cell handover

1. When call is on, the MS sends measurements.

2. BSC starts the procedure for allocating the new radio resources by sending CHANNEL ACTIVATION to the BTS. This message contains the reason for activation (handover), the identification of the channel (channel number), the complete description of the channel (full/half rate, coding rate adaptation) and supported codecs. The Channel mode IE is replaced in this case by FLO IEs.

Supported codec List is also sent in order to inform which are the codecs supported by the BSS.

3. CHANNEL ACTIVATION ACK is the response from the BTS to the BSC and it contains the channel number.

4. HANDOVER COMMAND is sent to the MS and it contains the FLO IEs which are: TrCH id, Rate matching IE, Interleaving IE, TFCS IE, CRC size IE,TB size, Mode and Modulation IE. These will be used instead of Channel Mode IEs.

5. After HANDOVER ACCESS is sent to the new cell, the new BTS informs the BSC that handover has been detected with HO DETECT message. In the message is indicated the TrCh type (id) and the frame number.

6. After Physical Info message is sent and SABM and UA are established then MS sends HO COMPLETE. The HANDOVER PERFORMED message will contain FLO Information Speech Version (Chosen) IE.

7. Last the channels are released using normal RF Release procedures.

C3. Handover GERAN A – GERAN A, External Handover
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Figure C3 - Handover GERAN A - GERAN A, external handover

The handover from GERAN A to GERAN A is performed for all the FLO and non-FLO channels. An indication that the FLO is activated is needed. The FLO parameters are transferred during the HO procedures.

1. MEASUREMENT REPORT: MS is sending the report to the BTS.

2. MEASUREMENT REPORT/RESULT: After the processing of the measurements in BTS1 then the measurements are sent further to the BSC1.

3. HANDOVER REQUIRED message is formed by the source BSC1 and sent to the MSC. The message informs the MSC that a handover is needed. This message contains Old BSS to New BSS information IE. This includes MultiRate configuration info, Cell load, Current Channel type and speech version used.

If FLO indication is in HO Required then the FLO parameters (e.g. TrCH Ids, Mode and Modulations IE, TFCS parameters…) are indicated there. The current channel type is not used in the message in this case.

An indication is needed for FLO status, like FLO is used or not in the new cell. In the HANDOVER REQUIRED message sent by the source BSC1 it is proposed that a flag be set to indicate whether the MS supports FLO.

The target BSC2 will only allocate FLO configuration for the MS if both the target BSC2 and MS support FLO.

When the MS and the target BSC2 support FLO, the target BSC2 sends back the allocated set of the FLO parameters in the new cell to the MS in the HO COMMAND message. If the source and the target have the same configuration, then FLO indication and indication that both configurations are the same is needed.

If both the source and the target support FLO but with different configurations, then only the parameters which are different should be sent to the target.

If the target doesn’t support FLO at all then the default channel configuration should be used.

In case of the HANDOVER FAILURE message the old FLO configuration should be reverted to.

4. HANDOVER REQUEST message is sent to the new BSC. The HO Request will also carry the FLO indication flag to the new BSC2.

5. CHANNEL ACTIVATION message is sent by the BSC to the BTS. The Channel activation message will contain the Channel Number IE, TFCS, TrCH Id and Mode and Modulation IE, which will replace the description of the channel mode for cases when FLO is activated.

6. The response to the CHANNEL ACTIVATION message is given in the CHANNEL ACTIVATION ACK. 

7. After channel activation the new BSC sends the HANDOVER REQUEST ACK message to the MSC to indicate that the channel activation procedure is executed. This message will contain FLO Information Speech Version (Chosen) IE for indicating to the MSC that FLO is in use. The target BSC2 builds HO COMMAND message and returns it inside the HO Request Ack to the MSC, which sends it to MS via BSC1 and BTS1.

8. HANDOVER COMMAND is sent to the BSC1 by MSC to reconfigure the dedicated channel configuration and the transport channel. Then it is forwarded to the MS. The HANDOVER COMMAND message contains the FLO IEs which are: TrCH id, Rate matching IE, Interleaving IE, TFCS IE, CRC size IE, TB size, Mode and Modulation IE. These will be used instead of Channel Mode IE.

9. The access in the new cell is performed by sending HANDOVER ACCESS message. PHYSICAL INFORMATION message contains various physical channel related information, allowing a proper transmission by the MS.

10. SABM is established and then the ESTABLISH INDICATION message is sent when the main signalling link is established. 

Finally, when handover is ended (new physical channels and transport channels are established), HANDOVER COMPLETE is sent.

C4. GERAN A to GERAN Iu-cs Handover 
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Figure C4 - GERAN A to GERAN Iu-cs Handover

This signalling flow illustrates the handover procedure GERAN A- GERAN Iu-cs case. 

1. Based on the measurements the handover procedure between GERAN A mode and GERAN Iu-cs is starting. The GSM MEASUREMENT REPORT message is send on the SACCH. The measurements are performed and the information is exchanged between MS and GERAN BSC (A mode).

2. The A-HANDOVER REQUIRED message is sent to the MSC-A / 3G MSC-A. RNC Id and Source RNC to Target RNC transparent information are sent.

HANDOVER REQUIRED message is formed by the BSC and sent to the MSC. The message informs the MSC that a handover is needed. This message contains Old BSS to New BSS information IE.

If FLO indication is in HO Required then the FLO parameters (e.g. TrCH Ids, Mode and Modulations IE, TFCS parameters…) are indicated in the transparent container. The current channel type is not used in the message in this case.

Source RNC to target RNC transparent information (UMTS or Iu mode). In this case the Source RNC to Target RNC should contain the number of the TrCHs and the TrCHs ID.

For speech calls, 3G_MSC‑B shall select a codec from the Available Codecs List, generate associated RAB parameters and connect a transcoder. If the Available Codecs List was not received, 3G_MSC‑B shall select the appropriate default speech codec. For handover to GERAN Iu mode, 3G_MSC-B shall also generate a NAS Synch Indicator for the Iu-RELOCATION-REQUEST message. If the Available Codecs List was received by 3G_MSC-B, then the selected codec shall be indicated in the MAP-PREPARE-HANDOVER response, sent from 3G_MSC‑B to MSC‑A. If radio resources are available in RNS-B the MAP-PREPARE-HANDOVER response will contain the complete A-HO-REQUEST-ACK message generated from the Iu-RELOCATION-REQUEST-ACK received from RNS-B, containing the radio resources definition to be sent by BSS-A to the UE/MS.

3. The MSC-A / 3G MSC-A sends MAP/E message PREPARE HANDOVER to the 3G-MSC_B. This message is also carry the FLO indication.

4. The 3G-MSC_B sends Iu RELOCATION REQUEST to the Target BSC (GERAN Iu mode). RABs to be setup and Source RNC to Target RNC transparent Container are sent. Other information sent is permanent NAS UE Identity, Cause, and CN Domain Indicator

The container transfers TrCh ids, which are going to be established in the Iu mode. Also the security information, global CN-id and Iu signalling connection Id are sent

5. Response RELOCATION REQUEST ACKNOWLEDGE message is returned to the CN (3G_MSC-B) by the target BSC (GERAN Iu mode) via RANAP. 

The RELOCATION REQUEST ACKNOWLEDGE message contains the following IEs: Target RNC To Source RNC Transparent Container, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics.

6. MAP/E message PREPARE HANDOVER RESPONSE is sent by the 3G-MSC-B to the  MSC-A / 3G-MSC_A. 

7. A-HANDOVER COMMAND message is sent between MSC-A / 3G MSC-A and GERAN A mode. This message contains the L3 information RRC HANDOVER COMMAND message and Cell Identifier IE.

8. GSM RR sends on dedicated channels HANDOVER to GERAN Iu mode COMMAND. RADIO BEARER RECONFIGURATION message that contains the FLO IEs as defined in 3GPP TS 44.118.

An indication is needed for FLO status information, like FLO is used or not in the new cell. In the HANDOVER REQUIRED message sent by the source BSC it is proposed that a flag be set to indicate whether the MS supports FLO. 

The target BSC will only allocate FLO configuration for the MS if both the target BSC and MS support FLO. 

When the MS and the target BSS support FLO, the target BSC sends back the allocated set of the FLO parameters in the new cell to the MS in the HO COMMAND message.

If the source and the target have the same configuration then the indication of FLO and the indication that the same configuration is used should be signalled. 

If the target doesn’t support FLO at all then the default channel configuration should be used.

If the source and the target have different configuration but both support FLO then the parameters that are different should be sent to the target.

In case of the HANDOVER failure the old FLO configuration should be reverted to.

10. When target BSC (GERAN Iu mode) has detected the MS, Iu Relocation Detect message is sent to the CN node (3G _MSC-B)

11. The IU Relocation Detect, if received, is transferred using the MAP PROCESS-ACCESS-SIGNALLING request. 

12. When the RRC connection is established with the target RNC (GERAN Iu mode) and necessary radio resources have been allocated, the MS sends RRC message HANDOVER COMPLETE to the target BSC.

13. Once complete the target RNC (GERAN Iu mode) sends Iu RELOCATION COMPLETE to the 3G-_MSC-B.

14. 3G MSC-B sends MAP/E message SEND END SIGNAL REQUEST to the MSC-A / 3G MSC-A.

15. The MSC-A / 3G MSC-A sends CLEAR COMMAND message to the GERAN A BSC.

16. The source BSC (A mode) responds with CLEAR COMPLETE message to the MSC-A / 3G MSC-A.

The MAP/E message SEND END SIGNAL RESPONSE is sent to the 3G-_MSC-B to conclude the procedure (this message is not sent until the end of the call). 

C5. GERAN Iu-cs to GERAN A Handover
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Figure C5 - GERAN Iu-cs to GERAN A handover

The handover command between Iu-cs and A mode is presented in the figure above. The FLO parameters are assigned during the Handover command and the content of the FLO IE is presented in the section above.

The handover of the FLO and non-FLO channels is possible so then the indication of FLO is needed when moving from GERAN Iu cs to GERAN A mode.

Presence of FLO should be indicated in the preliminary phase of the relocation in RELOCATION REQUEST. Also the information about the TrCH id should be carried inside the transparent containers. 

The MAP-PREPARE-HANDOVER REQUEST shall carry in the A‑HO-REQUEST all information needed by MSC‑B for allocating a radio channel, see 3GPP TS 48.008. For compatibility reasons, the MAP-PREPARE-HANDOVER request will also identify the cell to which the call is to be handed over. For speech calls, 3G_MSC-A shall also include the Available Codecs List to be used by MSC-B for subsequent intra-MSC-B intersystem handover to UMTS and intra-MSC-B SRNS relocation, also. 

The Handover from GERAN Iu mode will contain HANDOVER COMMAND message. HANDOVER COMMAND message contains the FLO IEs which are: TrCH id, Rate matching IE, Interleaving IE, TFCS IE, CRC size IE, TB size, Mode and Modulation IE. These will be used instead of Channel Mode IE. Based on these parameters the TFCI is calculated and the allowed transport format is signalled. 
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