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1. Introduction
There have been discussions in GERAN about ways to improve usage of terrestrial resources on the A-Interface for VBS/VGCS calls.   Siemens proposed at the last GERAN WG2 #23bis meeting (G2-050012, G2-050013, and G2-050014) that the MSC assign one terrestrial resource between the MSC and the BSC for all cells for a given group call.  Nortel offered a discussion paper (GP-050936), extending the idea of a BSC-centric architecture for group calls suggested by Siemens.   GP-050936 identified other related areas requiring improvement, and explained how a BSC-centric architecture for group calls could address them. 
This discussion paper incorporates the ideas from the earlier Siemens and Nortel proposals, recommending an approach to group call architecture that is both flexible and backwards compatible with earlier definitions. This paper also provides a more detailed description of the full BSC-centric architecture for group calls first described in GP-050936, and includes responses to some of the questions and comments from prior GERAN discussions on this topic.
2. Problem
Inefficient use of A-Interface resources and BSSMAP signalling procedures

In the current architecture the MSC manages certain resources and BSSMAP procedures for VBS/VGCS calls on a 
per-cell basis. For each cell in a group call area, for example, the MSC assigns a separate terrestrial circuit between the MSC and BSC. Also, the MSC initiates a BSSMAP assignment procedure for each cell served by the BSC and belonging to the group call area (in accordance with 3GPP 43.068 and 3GPP 43.069).  
The current approach is very inefficient in terms of A-interface resources (both circuits and SCCP connections) and also the BSSMAP signalling procedures. This inefficiency is a consequence of the current VBS/VGCS architecture in which the MSC is managing per-cell resources and procedures for the group call. This problem will become exacerbated as VBS and VGCS are used for increasingly larger group call areas, and as BSS access networks are able to support more cells per BSC.  Network operators in China, for example, are interested in group call areas with several hundred cells. Public Access Mobile Radio (PAMR) networks may also require access networks in which BSCs must support group call services with very high numbers of cells per BSC.
Backward Compatibility
One problem with modifying the architecture of group calls, however, is the requirement for backward compatibility to support existing networks using ASCI services with the original group call architecture. It is recognized that a network providing ASCI services would not be able to switch immediately to the new group call architecture, and would therefore need to work with both BSCs that use the new BSC-centric architecture and BSCs still using the existing architecture.  
Upgrading existing BSCs in the field with a new architecture/algorithm creates problems with backward compatibility and network management of the roll-out of the new solution. A signalling-based negotiation of the old versus new architecture provides a significantly more robust mechanism for the new solution roll-out than an OA&M approach. 

3. Proposal:  Group Call Configurations
With the interest in using alternative architectures for VBS and VGCS calls (either for optimization of resources or for future service requirements), a mechanism should be adopted by which MSCs and BSCs can communicate to each other the particular group call architecture to be used. 
· Group call using the current 3GPP definitions


· Group call using shared terrestrial circuit (described in G2-050012, G2-050013, and G2-050014)
 


· Group call using full BSC-centric architecture (described below)
 
· Future group call configurations
This can be easily incorporated into the VGCS and VBS call set-up procedures by using an optional Group Call Configuration IE in the VGCS/VBS Setup Request and VGCS/VBS Setup Request ACK. This new BSSMAP information element is used by the MSC and BSC to negotiate the configuration of a VBS or VGCS group call. 
· The MSC uses an optional IE in the VGCS/VBS Setup Request to ask the BSC whether it is capable of supporting a particular group call architecture (standard group call, shared circuit, full BSC-centric, etc.).
· The BSC uses an optional IE in the VGCS/VBS Setup Request ACK to report to the MSC whether it is capable of supporting that group call architecture listed in the VGCS/VBS Setup Request.
· A BSC that recognizes the new information elements and supports the required procedures for that group call configuration shall add the optional IE to the VGCS/VBS Setup Request ACK.
· A BSC that does not recognize the new information elements, or does not support the procedures required for that group call configuration shall ignore the optional IEs added to the VGCS/VBS SETUP, and not include the optional IE in the VGCS/VBS Setup Request ACK.   

· The MSC determines whether a BSC supports the requested group call configuration by the presence (or absence) of the optional IE in the VGCS/VBS Setup Request ACK.
· If the optional IE is not contained in the VGCS/VBS Setup Request ACK, the MSC proceeds with the VGCS/VBS Assignment procedure as it is currently defined, with separate A-interface resources (circuits and resource controlling SCCP connections) for each cell. This provides full backwards compatibility with BSCs that do not yet support alternative group call configurations.
· If the optional IE is contained in the VGCS/VBS SETUP ACK, the MSC uses  the VGCS/VBS Assignment procedures appropriate for the negotiated group call configuration.
This approach allows networks to gradually introduce optional new architectures for group calls, including ones using a shared terrestrial circuit or ones using a full BSC-centric architecture.
Refer to Appendix B for the BSSMAP details.  To support this proposal, a new Group Call Configuration IE is added to the VGCS/VBS SETUP and VGCS/VBS SETUP ACK message.
4. Proposal:  Full BSC-Centric Group Call Architecture

Nortel recommends that the MSC delegate to the BSC the responsibility of managing all per-cell resources and per-cell BSSMAP procedures for a group call. This group call configuration is referred to as a full BSC-centric group call architecture.
· In addition to the Group Call Configuration IE, the MSC may include in the VGCS/VBS SETUP a cell identifier list designating the cells in the group call area served by that BSC. If the BSC supports the full 
BSC-centric architecture, it will use this list to initiate the appropriate Assignment procedures 
to each of the cells in the group call area.
· If the MSC and BSC are using the full BSC-centric group call configuration (as negotiated through the optional IEs exchanged during the VGCS/VBS setup procedure), then the MSC will send a single VGCS/VBS ASSIGNMENT REQUEST to the BSC to establish the single resource controlling SCCP connection and assign the single terrestrial circuit that is shared by all cells in the group call area served by the BSC. 
· The BSC uses the information in the VGCS/VBS ASSIGNMENT REQUEST to initiate the Assignment procedure to each of the cells in the group call area.
· The MSC uses the Cell Identifier IE in the VGCS/VBS ASSIGNMENT REQUEST to identify the originating cell ID (for group calls initiated by a service subscriber). For group calls that are not initiated by a service subscriber, the MSC will use a cell identifier with discriminator ‘0011’ (No cell is associated with the transaction) in the VGCS/VBS ASSIGNMENT REQUEST. 
· The BSC will indicate a success in the VGCS/VBS ASSIGNMENT RESULT message.  For group calls that are initiated by a service subscriber, the BSC sends the VGCS/VBS ASSIGNMENT RESULT when the cell of origin is established; for group calls that are not initiated by a service subscriber, the BSC sends the VGCS/VBS ASSIGNMENT RESULT when the first group call channel is established. 
(The following points are clarifications from questions raised in earlier GERAN discussions.) 
· If assignment fails for one or more cells in the group call area, the BSC uses Periodic Retry to assign a channel for the cell. The MSC does not need to be involved, unless the failure implies that the entire group call should be taken down.
· If the (subsequent) Talker attempts to handover to a GCA cell (signalling-only HO) where channel assignment has failed, then the handover attempt would also fail, and HO-Failure would be sent to the MSC. (Refer to 
3GPP 23.009 Section 7.2 Basic handover procedure not requiring the establishment of a circuit connection.)
· The VGCS/VBS Uplink procedures are not modified by the full BSC-centric group call architecture.

Refer to Appendix B for the details on changes to BSSMAP messages.  Only additional change between this proposal and the proposal described in Section 3 is the addition of the Cell Identifier List IE in the VGCS/VBS SETUP.
5. Conclusion

The approach to a full BSC-centric architecture described above provides the following benefits:

1. Reduction in the number of circuits and SCCP connections that must be maintained over the life of the group call. 

2. Reduction in the number of BSSMAP ASSIGNMENT REQUEST and ASSIGNMENT RESULT messages from 2n to 2 (where n is the number of GCA cells on that BSC). This is both a reduction in signalling and in the processing time required to process 2 messages versus 2n messages. 

Furthermore, a signalling-based negotiation of the old versus new architecture yields a significantly more robust solution than an OA&M approach. The handshake mechanism between the MSC and each BSC allows the establishment of a VBS or VGCS group call in which some of the BSCs in the group call area use the existing architecture and other BSCs use the BSC-centric architecture (within the same group call). This enables easier upgrade procedures and backward compatibility without the requiring OEM changes.
Nortel believes that these additional benefits justify the increased standardization effort required for this proposal. For large group call areas with many cells as requested by different customers this solution definitely improves the performance and costs. The cost savings to operators will continue to grow in significance as access networks increase the number of cells per BSC.  Public Access Mobile Radio (PAMR) networks may also require access networks in which BSCs must support group call services with very high numbers of cells per BSC.
Nortel recommends that CT1 agree with the approach to a BSC-centric architecture presented in this discussion paper. 
The following portions of the 3GPP specifications will require modification in order to support VBS and VGCS group calls using this proposed BSC-centric architecture:

· 3GPP TS 43.068
· 3GPP TS 43.069
· 3GPP TS 48.008

CRs to 43.068 and 43.069 will be provided at the next meeting.
Appendix A. Relevant portions of 3GPP specifications
Some of the portions of these specifications relevant to this discussion are quoted below.

3GPP TS 43.068 V6.3.0 (2005-01)

11.3.8 Overview of signalling

VGCS_ASSIGNMENT_REQ: This message is sent from the MSC to all affected BSCs, [one dedicated message for every requested channel in a cell] including the group call reference, the channel type and possibly the call priority and details on the ciphering.

NOTE 4: As an operator option the voice group call channels, the links to them and optionally also the links to dispatchers can already be established and permanently reserved in order to speed up the call set-up for emergency voice group calls.

VGCS_ASSIGNMENT_REQ: This message is sent from the MSC to all affected BSCs, [one dedicated message for every requested channel in a cell,] including the group call reference, the channel type and possibly the call priority and details on the ciphering.

NOTE 9: As an operator option the voice group call channels, the links to them and optionally also the links to dispatchers can already be established and permanently reserved in order to speed up the call set-up for emergency voice group calls.

3GPP TS 43.069 V6.1.0 (2005-01)

11.3.8 Overview of signalling

VBS_ASSIGNMENT_REQ: This message is sent from the MSC to all affected BSCs, [one dedicated message for every requested channel in a cell] including the broadcast call reference, the channel type and possibly the call priority and details on the ciphering.

NOTE 4: As an operator option the voice broadcast channels, the links to them and optionally also the links to dispatchers can already be established and permanently reserved in order to speed up the call set-up for emergency voice broadcast calls.

VBS_ASSIGNMENT_REQ: This message is sent from the MSC to all affected BSCs, [one dedicated message for every requested channel in a cell,] including the broadcast call reference, the channel type and possibly the call priority and details on the ciphering.

NOTE 8: As an operator option the voice broadcast call channels, the links to them and optionally also the links to dispatchers can already be established and permanently reserved in order to speed up the call set-up for emergency voice broadcast calls.
3GPP TS 48.008 V6.7.0 (2004-11)
3.1.22 Voice group call service and voice broadcast service Assignment procedure

The purpose of the VGCS/VBS Assignment procedure is to ensure that the correct dedicated radio resources are allocated to the VGCS/VBS call on a per cell basis. In order to support this procedure the MSC sets up a VGCS/VBS resource controlling SCCP connection to the BSS. This connection is then used to support all BSSAP messages related to the dedicated resource(s).

The MSC can command that the radio resources are either allocated immediately or delayed. 

Appendix B. BSSMAP Details

Summary of modifications to 3GPP TS 48.008 to support the proposals described in Sections 3 and 4 of this document.
Group Call Configuration

This new BSSMAP information element is used by the MSC and BSC to negotiate the architecture of a VBS or VGCS group call. 

The Group Call Configuration IE is coded as follows:

	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	octet 1

	Length
	octet 2

	Group Call Configuration
	octet 3


Octet 3 is coded as follows:

code
meaning

0000 0000
Group call using per-cell resources and procedures
(existing architecture)
0000 0001
Group call using shared terrestrial circuit
 

 (Siemens proposal)
0000 0010
Group call using full BSC-centric architecture
 
(Nortel proposal)
All other values are reserved.

VGCS/VBS SETUP (3GPP 48.008 Section 3.2.1.50)
This message is sent from the MSC to the BSS via the newly created SCCP connection in order to request the BSS to support a VGCS/VBS call.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1
	MSC-BSS
	M
	1

	Group Call Reference
	3.2.2.55
	MSC-BSS
	M
	7

	Priority
	3.2.2.18
	MSC-BSS
	O
	3

	Group Call Configuration
	NEW 
	MSC-BSS
	O
	3

	Cell Identifier List* 
	3.2.2.27 
	MSC-BSS
	O
	3+2n
to
3+7n


*needed only for the proposal described in Section 4.
VGCS/VBS SETUP ACK (3GPP 48.008 Section 3.2.1.51)
This message is sent from the BSS to the MSC via the newly created SCCP connection in order to confirm that the BSS will support the VGCS/VBS call.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1
	BSS-MSC
	M
	1

	Group Call Configuration
	NEW 
	MSC-BSS
	O
	3


The VGCS and VBS call setup and resource assignment procedure (3GPP TS 48.008, Section 3.1.21) needs to be modified.

Appendix C. Motivation for the Full BSC-centric Group Call Architecture 

(This discussion is a follow-up from an earlier GERAN WG2 discussion.) 
The full BSC-centric architecture for group calls allows the MSC to delegate to the BSC the responsibility of managing all per-cell resources and per-cell BSSMAP procedures for a group call. This results in a significant reduction in the number of SCCP connections and BSSMAP messages on the A-interface.
For any VGCS or VBS call using the proposed group call architecture, the number of SCCP connections is reduced from O(n) to O(1), and the number of BSSMAP messages required to establish the group call is also reduced from O(n) to O(1), where (1 ≤ n ≤ 30) is the number of GCA cells at one BSC.
For example, assume there are 10 cells in the GCA at one BSC. In the existing architecture, this requires 

· 2 messages exchanged on the call controlling SCCP connection 
(VGCS/VBS SETUP and VGCS/VBS SETUP ACK messages) and 

· 20 messages exchanged on the resource controlling SCCP connections 
(10 VGCS/VBS ASSIGNMENT REQUEST and 10 VGCS/VBS ASSIGNMENT RESULT messages).

In the BSC-centric architecture, the same group call would be established with 4 messages instead of 22 messages:

· 2 messages exchanged on the call controlling SCCP connection 
(VGCS/VBS SETUP and VGCS/VBS SETUP ACK messages) and 

· 2 messages exchanged on the resource controlling SCCP connections 
(1 VGCS/VBS ASSIGNMENT REQUEST and 1 VGCS/VBS ASSIGNMENT RESULT).

  
	Cells in GCA at BSC
	Existing Architecture 
	Proposed Architecture 

	
	(MSC managing per-cell resources and procedures)
	(BSC managing per-cell resources and procedures)
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Appendix D. Group Call Area Cell Id Lists and BSSMAP Segmentation

Participants in earlier GERAN discussions raised concerns about the possibility of encountering the limit for the size of a BSSMAP message, if a list of group call area cells were included within the BSSMAP VGCS/VBS Setup message.

The BSSMAP VGCS/VBS Setup now uses at most 11 octets of the maximum length BSSMAP message (255 - 11 = 244).
 The number of group call area (GCA) cells that can be carried in the BSSMAP VGCS/VBS Setup depends on the cell identification discriminator (3GPP 48.008 Section 3.2.2.27).
	Cell Identification  Discriminator
	Number of octets used to encode (n) Cell IDs
	Approximate number of Cell IDs  that can fit within VGCS/VBS Setup

	0000
	3 + 7n
	~  34 cells 
	

	0001
	3 + 4n
	~  60 cells
	

	0010
	3 + 2n
	~ 120 cells
	

	0100
	3 + 5n
	~  48 cells
	

	0101
	3 + 2n
	~ 120 cells
	


At present there is no need for segmentation because the BSSMAP VGCS/VBS Setup message is able to carry approximately 60 cell IDs in each VGCS/VBS Setup message (using cell discriminator 0001, with LAC and Cell ID). Note that the MSC sends only the cell identifiers in the Group Call Area (GCA) that belong to that particular BSC. 
If the MSC needs to send more GCA cell identifiers than could fit within a BSSMAP message, the MSC could use a segmented form of the cell identifier list, sending additional cells in a subsequent optional BSSMAP message. 

One possible realization of this could include the following modifications to 3GPP 48.008.  

Cell identifier List Segment (new)

This information element contains a segment of a longer cell identifier list. Sequence numbers are used to support segmentation of a Cell Identifier List into a sequence of separate Cell Identifier Sublists carried in separate BSSMAP messages. 

Assume that the entire list of cells in the group call area is communicated to the BSC in a sequence of (N) VGCS/VBS Group Call Area messages (each message containing one Group Call Area Cell Sublist IE). Then the Group Call Area Cell Sublist IE for the (ith of N) VGCS/VBS Group Call Area message is coded as follows:

	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	octet 1

	Length
	octet 2

	Sequence Length
	Sequence Number
	octet 3

	Group Call Area Cell Sublist
	octet 4-m


Octet 2 is a binary indication of the length of the remainder of the element in octets.

Octet 3 bits 1-4 represent the sequence number (i) and Octet 3 bits 5-8 represent the length of the sequence (N). If the entire list of cells in the group call area is sent to the BSC in a single VGCS/VBS Group Call Area message without segmentation, then both Sequence Length and Sequence Number are equal to 1.   

Octets 4-m (the octets following octet 3) are encoded exactly like the octets in the Cell Identifier List (Section 3.2.2.27) following octet 2 (the IE length indicator).  Octet 4 bits 1-4, therefore, contains the Cell Identification Discriminator that is used for the cell identifiers in this Group Call Area Cell Sublist.

NOTE: The list of cells should contain only those cells in the group call area that can be accessed through this BSC.
VGCS/VBS SETUP (3GPP 48.008 Section 3.2.1.50)
This message is sent from the MSC to the BSS via the newly created SCCP connection in order to request the BSS to support a VGCS/VBS call.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1
	MSC-BSS
	M
	1

	Group Call Reference
	3.2.2.55
	MSC-BSS
	M
	7

	Priority
	3.2.2.18
	MSC-BSS
	O
	3

	Group Call Configuration
	NEW 
	MSC-BSS
	O
	3

	Cell Identifier List 
(only if segmentation is not used)  
	3.2.2.27 
	MSC-BSS
	O
	3+2n
to
3+7n

	Cell Identifier List Segment  
(only if segmentation is used) 
	NEW 
	MSC-BSS
	O
	4+2n
to
4+7n


VGCS/VBS Group Call Area (new)
This message is sent from the MSC to the BSS in order to inform the BSS of cells belonging to a group call area. The message is sent after the MSC receives the VGCS/VBS SETUP ACK, before the MSC sends the VGCS/VBS ASSIGNMENT REQUEST. The list of cells should contain only those cells in the group call area that can be accessed through this BSC. This list may be partial, with other group call area cells reported in other VGCS/VBS GROUP CALL AREA messages.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1
	MSC-BSS
	M
	1

	Cell Identifier List Segment
	3.2.2.87
	MSC-BSS
	M
	2n+4
to
7n+4


Appendix E. Txx Timer
Initially there was concern that with the BSC-centric architecture the BSC may need to run the Txx timer. The earlier Nortel discussion paper GP-050936 mentioned that the duration of the Txx timer may be included in the VGCS/VBS SETUP message. 

It is no longer considered true that the BSC-centric architecture would obligate the BSC to run the Txx timer.  The following comments on the Txx timer are included only for the purposes of background.
The 1999 GSM-R / ASCI Special Task Force Meeting (STF) defined that the network sends Connect/Answer to the originator when 

· Full Condition: the group call has been established in all cells, or

· Partial Condition: Txx timer has expired and the group call has been established in the cell of origin 
(or any group call area cell in case of a dispatcher originating call).

The latest versions of the 3GPP specifications have these statements about the Txx timer:

3GPP 24.068 v6.3.0 page 31:
Txx: Timer implemented in the MSC which is started with the incoming VGCS SETUP message and stops with the

outgoing paging message. If the timer expires before the MSC receives all of the expected CHAN_REQ_ACK from the

BSCs and the CONNECT messages from the external networks and SEND_GROUP CALL_END_SIGNALs from the

relay MSCs, the VGCS shall be established by the MSC to all available parts of the group call area.

3GPP 24.068 v6.3.0 page 36:
Txx: Timer implemented in the relay MSC which is started with the incoming SETUP message from the anchor MSC

and stops with the outgoing paging message. If the timer expires before the MSC receives all of the expected

CHAN_REQ_ACK from the BSCs, the VGCS shall be established by the relay MSC to all available parts of the group

call area and the anchor MSC shall be informed that conversation can start.
3GPP TS 43.069 V6.2.0 page 28

Txx: Timer implemented in the MSC which is started with the incoming VBS SETUP message and stops with the

outgoing paging message. If the timer expires before the MSC receives all of the expected CHAN_REQ_ACK from the

BSCs and the CONNECT messages from the external networks, the VBS shall be established by the MSC to all

available parts of the group call area.

3GPP TS 43.069 V6.2.0 page 33

Txx: Timer implemented in the relay MSC which is started with the incoming SETUP message from the anchor MSC

and stops with the outgoing paging message. If the timer expires before the MSC receives all of the expected

CHAN_REQ_ACK from the BSCs, the VBS shall be established by the relay MSC to all available parts of the

broadcast call area and the anchor MSC shall be informed that conversation can start.
� If the proposed Group Call Configuration IE is also included in the BSSMAP VGCS/VBS Setup, that would use 14 octets of the maximum length BSSMAP message (255 - 14 = 241).





