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Implications of the Introduction of the flexible layer one in case of handover [GERAN Iu mode -GERAN A/Gb mode, GERAN A-GERAN] and Call Setup 

This document addresses the implications of introduction of FLO in RR.

The following scenarios are described:

1) For Call Setup 

2) For handover case:

1) Handover GERAN A- GERAN A, inter-cell handover and external handover.

2) Inter-mode handover between GERAN Iu mode and GERAN A/Gb mode

1. Call SETUP
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Figure 1. Call Setup for A interface

1) The MS starts the call setup . The assignment of the SDCCH channel is not changed compared with the today’s implementaion.

2) After authentication, identification and ciphering, the MS is in SDCCH channel and ready to start call setup signaling. 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 in order to inform it 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 the multiRate speech is indicated. Then the network is capable to choose the right codecs 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 necessary information which is sent is DTx, Channel type IE and Intreference in band. This message is sent via BSSMAP to the BSS. This message includes sufficient information in order to allow to the BSS to built 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 is containing the reason for activation(assignment command or handover), the identification of the channel in the Channel Number and 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 and then Channel number modifications are presented below. Supported codec List is also sent in order to inform which are the codecs supported by the BSS. Channel Number IE which has the following structure, where  Bm and Lm refer to :

Bm <=> FLO on DBPSCH/F

Lm <=> FLO on DBPSCH/H

8) If channel activation is successful then the BTS returns current FN and after that it activates the channel through A-bis. After succesfull 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 (see annex b). 

If the MS is instructed to used a FLO configuration which is not supported that the procedure fails (see 44018 today). 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 then the ASSIGNMENT COMPLETE message is sent by the MS. It is FFS if the use of generic TRAU frames will affect this message.

11) The CHANNEL RELEASE is send when is not need anymore for SDCCH.

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.

2. Handover GERAN A-GERAN A, Inter Cell
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Figure 2 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 is sent by the BSC to the BTS. 


This message is containing the reason for activation(handover), the identification of the channel in the Channel Number and 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 IE. Supported codec List is also sent in order to inform which are the codecs supported by the BSS.

CHANNEL ACTIVATION should contain: Channel number , activation type, instead of Channel Mode now the FLO IE is used ( see the annex b). 

Channel Number IE which has the following structure, where Bm and Lm refer to :

Bm <=> FLO on DBPSCH/F

Lm <=> FLO on DBPSCH/H

3.
CHANNEL ACTIVATION ACK is the response from the BTS to the BSC and the Channel number .

4.  HANDOVER COMMAND is now formed and it is sent down to the MS. The message now contains instead of Channel Mode IEs, which become conditional, FLO IE (see the annex). The Transport Channels are configured based on FLO IE information.

5.  After HANDOVER ACCESS is sent to the new cell then 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 is established then MS sends HO COMPLETE. The HO PERFORMED may be affected by the introduction of the generic TRAU frames(this is FFS).

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

3. Handover GERAN A – GERAN A, External Handover
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Figure 3:  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 BSC.

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

3. 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 which has been defined as a general container for passing transparently information between BSS and MSC.This includes MultiRate configuration info, Cell load , Current Channel type, Speech version used.

If FLO indication is in HO Required then the FLO parameters like: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 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 FLO indication and indicatiaon 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.

5.  HANDOVER REQUEST message is sent to the new BSC. The HO Request will also carry the FLO indication Flag to the new BSC.

6.  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(see annex) which will replace the description of the channel mode for cases when FLO is activated.(see inter-cell handover case 2)
7.  The response to the CHANNEL ACTIVATION message is given in the CHANNEL ACTIVATION ACTIVATION ACK. 

8.  After channel activation the new BSC sends the HANDOVER REQUESTACK message to theMSC to indicate that the channel activation procedure is executed. The target BSC2 builds HO Command message and returns it inside the HO RAQuest Ack. To the MSC which sends it to MS via BSC1 and BTS1.

9.  HANDOVER COMMAND is sent to the BSC by MSC to change the dedicated channel configuration and the transport channel. Then it is forwarded to the MS. The HANDOVER COMMAND message is containing the FLO IE (see annex b) and Channel Mode IE is not used. 

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

11. SABM is established and then the ESTABLISH INDICATION message is sent when the main signaling link is established.

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

4. GERAN A to GERAN Iu-cs Handover 

This handover procedure is similar to GSM-UTRAN (and vice versa) relocation procedure in Iu interface, but there are some changes
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Figure 4. 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 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 should contain the following elements:

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 which has been defined as a general container for passing transparently information between BSS and MSC.This includes MultiRate configuration info, Cell load , Current Channel type, Speech version used.

If FLO indication is in HO Required then the FLO parameters like: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. If the radio resource allocation is not possible, the MAP-PREPARE-HANDOVER response containing an A-HO-FAILURE will be sent to MSC‑A. 3G_MSC‑B will do the same if a fault is detected on the identity of the cell where the call has to be handed over. 3G_MSC‑B simply reports the events related to the dialogue. It is up to MSC‑A to decide the action to perform if it receives negative responses or the operation fails due to the expiry of the MAP-PREPARE-HANDOVER timer.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. 

· Permanent NAS UE Identity

· Cause

· CN Domain Indicator

· Source RNC To Target RNC Transparent Container. This is containing how many TrCh are allowed to be established in the Iu mode and their Id.

· RABs To Be Setup List

· Integrity Protection Information

· Encryption Information

· Iu Signalling Connection Identifier

· Global CN-ID

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 is containing 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 is sent between MSC-A / 3G MSC-A and GERAN A mode. This message contains the L3 information RRC HANDOVER COMMAND message which contains the following IEs:

· Layer 3 Information which contains the RRC message used for HO

· Cell Identifier 

8. GSM RR sends on dedicated channels HANDOVER to GERAN Iu mode COMMAND [RRC RB RECONFIGURATION message]. All the necessary parameters are sent. Based on this information the MS initiate signalling, traffic bearers, 

Radio bearer reconfiguration message should consider the FLO parameters which are:

· Rate matching IE

· Interleaving IE

· TFCS IE

· CRC size IE

· TB size

Based on this parameters the TFCI is calculated and the allowed transport format is signaled. 

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 signaled. 

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.

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). 

5. GERAN Iu-cs to GERAN A Handover
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Figure 5. 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 annex. 

The hand over 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 .

 
This 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. 

MSC‑B will return the MAP-PREPARE-HANDOVER response after having retrieved a Handover Number from its associated VLR (exchange of the messages MAP-allocate-handover-number request and MAP-send-handover-report request). The Handover Number shall be used for routing the connection of the call from 3G_MSC‑A to MSC‑B. If a traffic channel is available in MSC‑B the MAP-PREPARE-HANDOVER response, sent to 3G_MSC‑A will contain the complete A-HO-REQUEST-ACKNOWLEDGE message received from BSS-B, containing the radio resources definition to be sent by RNS-A to the UE/MS and possible extra BSSMAP information, amended by MSC‑B due to the possible interworking between the BSSMAP protocol carried on the E-interface and the BSSMAP protocol used on the A-interface. If the traffic channel allocation is queued by BSS-B, the A-QUEUING-INDICATION may optionally be sent back to 3G_MSC‑A. The further traffic channel allocation result (A-HO-REQUEST-ACK or A-HO-FAILURE) will be transferred to 3G_MSC‑A using the MAP-PROCESS-ACCESS-SIGNALLING request. If the traffic channel allocation is not possible, the MAP-PREPARE-HANDOVER response containing an A-HO-FAILURE will be sent to 3G_MSC‑A.

6. Conclusions
The document presents the HO and call setup for the A interface when FLO is introduced.

The following specs are affected as follows:

44.018:

The following procedures will be impacted by the introduction of FLO:

· Channel Assignment procedures: ASSIGNMENT COMMAND; ADDITIONAL CHANNEL ASSIGNMENT (FFS); 

· Handover procedures: HANDOVER COMMAND

The impact on the Assignment procedure, Handover procedures procedure is that the Channel Mode IE is becoming Conditional instead of Mandatory in the following messages: ADDITIONAL CHANNEL ASSIGNMENT (FFS), ASSIGNMENT COMMAND, HANDOVER COMMAND.

The FLO parameters, which are included in the RR messages, are: TrChID, Rate matching, Interleaving, TFCS, CRC size, TB size, (see section 3). The RR is in charge to choose the TFCI.

FLO will not be configured during the immediate assignment. The Assignment command message, handover command will be the messages which will setup or reconfigure FLO parameters.

24.008:

In Rel 6 the indication of FLO capable MS should be indicated within classmark.The FLO capability should be signaled inside the CLASSMARK 3IE. This is in section 10.5.1.7-Mobile Station Classmark 3. 

48.058:

In the 48.058 the changes are in the CHANNEL ACTIVATION and MODE MODIFY. The Channel mode element is becoming conditional if it was mandatory and the FLO parameters are transferred as conditional.
48.008

In case of SBSS relocation between the GERAN A and GERAN Iu mode the container Old BSS to New BSS should carry the information about the FLO parameters (section 3.2.2.58). The TrCH id is transferred.
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Annex A

Parameters to be provided by RR

To configure FLO, the following steps are required which are under RR control:

· Configuration of the basic physical channel

· Configuration of all transport channels.

When setting up a new connection, Layer 3 indicates to the lower layers the following parameters to configure the physical layer:

-
The transport channel identity (TrCH Id) and transport format set for each transport channel;

-
The transport format combination set (TFCS) through CTFC (see subclause 9.4 in 45.902);

-
Semi-static parameters for the configuration of the basic physical subchannel (see Table 1).

Basic Physical Channel configuration

The parameters required for configuring the basic physical channel are given in Table 1 below:

	Parameter
	Range/Value
	Explanation

	Mode
	FR or HR
	Indicates the channel mode used: full rate or half rate

	Modulation
	GMSK and/or 8PSK
	Indicates the modulation(s) used

	Interleaving
	40ms diagonal

20 ms rectangular
	Indicates the type of interleaving used

	TrCHs
	1..8
	Indicates the maximum amount of TrCHs on the basic physical subchannel.


Table 1. Basic physical channel parameters indicated by RR

Tranport Channels configuration

To configure the transport format set, Layer 3 provides to the lower layers the following parameters for each transport channel:

-
The semi-static attributes (see Table 3). Semi-static attributes are common to all transport formats for one transport channel;

-
For each transport format, the dynamic attributes (see Table 4).

In order to address inactive transport channels in TFC(s), the first transport format of every TrCH is configured by default with the empty transport format. These default transport formats need not be signalled.

Each Layer 3 message, which can set up or reconfigure TrCH(s) has to provide the mentioned information to the lower layers. When releasing a TrCH, only the TrCH Ids are signalled.
	Parameter
	Range/Value
	Explanation

	CRC size
	0,6, 12 or 18
	Indicates the CRC size used for error detection

	RMA (Rate Matching Attribute)
	1..256
	The same as in UTRAN. 

	
	
	


Table 2. Semi-static attributes indicated by RR

	Parameter
	Range/Value
	Explanation

	TB size
	1…1370
	Indicates the size of the transport block.

1370 is the maximum obtained with 8PSK FR channel


Table 3. Dynamic attributes indicated by RR

The number of bits added to each message for FLO IE in the worst case when reconfiguring the transport channels (e.g when all 32 TFs are active) are:

* per DBPSCH 

---------------------

1 bit modulation

1 bit interleaving 

1 bit mode


3 bits TrCH IDs

----------------------

               6 bits

*per CTFC 

16 bits max that identify the 32(TFC)- >32x16= 512 bits

----------------------

              512 bits

 *per TrCH:

 11 bits(TB) x max 32 TFs -64 bits

10 bits (CRC+RMA)

-----------------------

              374 bits

For maximum 4 active TrCH per DBPSCH -> (6+512+374x4)= 2014bits (252octets)

Section 9.4.2 of the TR gives a more realistic figure of what is typically required for A interface. The total number of bits are in case of circuit switched AMR over FLO as presented below:

6 TFCs. Max value for the CTFC = 25 => 6 bits required to signal the CTFC. 6*6 = 36 bits to signal the TFCS.

4 TFs for TrCH A (empty TF does not need to be signalled) => 10 + 11*4 = 54

3 TFs for TrCH B (empty TF does not need to be signalled) => 10 + 3*11 = 43

1 TF for TrCH C (empty TF does not need to be signalled) => 10 + 11*1 = 21

DBPSCH=>6 bits

***************************

In total 160 bits ( = 20 octets )

Annex b

Assignment Command and FLO IE

Example: Changes to the Assignment Command for Rel 6

	Assignment Command Information element
	Type / Reference
	Presence

	
	
	

	RR management
Protocol Discriminator
	Protocol Discriminator
10.2
	M

	Skip Indicator
	Skip Indicator
10.3.1
	M

	Assignment command
Message Type
	Message Type
10.4
	M

	Description of the First Channel, after time
	Channel Description 2
10.5.2.5a
	C

	Power Command
	Power Command
10.5.2.28
	M

	Frequency List, after time
	Frequency List
10.5.2.13
	C

	Cell Channel Description
	Cell Channel Description
10.5.2.1b
	O

	Description of the multislot configuration
	Multislot Allocation
10.5.2.21b
	C

	Mode of the First Channel (Channel Set 1)
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 2
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 3
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 4
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 5
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 6
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 7
	Channel Mode
10.5.2.6
	O

	Mode of Channel Set 8
	Channel Mode
10.5.2.6
	O

	Description of the Second Channel, after time
	Channel Description
10.5.2.5
	O

	Mode of the Second Channel
	Channe l Mode 2
10.5.2.7
	O

	Mobile Allocation, after time
	Mobile Allocation
10.5.2.21
	C

	Starting Time
	Starting Time
10.5.2.38
	O

	Frequency List, before time
	Frequency List
10.5.2.13
	C

	Description of the First Channel, before time
	Channel Description 2
10.5.2.5a
	O

	Description of the Second Channel, before time
	Channel Description
10.5.2.5
	O

	Frequency channel sequence before time
	Frequency channel sequence
10.5.2.12
	C

	Mobile Allocation, before time
	Mobile Allocation
10.5.2.21
	C

	Cipher Mode Setting
	Cipher Mode Setting
10.5.2.9
	O

	VGCS target mode Indication
	VGCS target mode Indication
10.5.2.42a
	O

	FLO IE
	To be defined
	C

	
	
	


FLO IE content is: 

	TrChID
	see the table annex A

	Mode and Modulation IE
	see the table annex A

	Rate matching IE
	see the table annex A

	Interleaving IE
	see the table annex A

	TFCS IE
	see the table annex A

	CRC size IE
	see the table annex A

	TB size
	see the table annex A

	
	


NOTE: In Annex A the total number of bits to be added to HO command and Assignment messages are calculated.
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