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NACC for inter BSC Cell Change in GERAN R5.

 AUTONUM 
NACC in Release R4

NACC, the Network Assisted Cell Change feature is a tool to minimize the service outage time for all QoS classes when a GPRS MS in packet transfer mode moves between GSM cells. In Release R4 of the GERAN specifications, the NACC procedures cover only cell re-selection to other GSM cells within the same BSC where the BSC has system information available for the target cell. 

This limits the value of NACC as inter BSC cell changes in some network configurations are of frequent occurrence. Extensions of the NACC feature to handle also inter-BSC cell changes will therefore be of great value. 

A rough estimation of the occurrence of inter BSC cell changes in an assumed scenario where the BSC area consists of a regular hexagonal area surrounded by other BSC areas (Figure 1) and subdivided into smaller, hexagonal clusters is shown in Table 1. The traffic between these areas is then assumed to be equal distributed. 

















White = External cells belonging to other BSCs














Dark = Cells within a BSC Area









Figure 1.

	BSC Area Size 

(in # of cells)
	No of possible external cell changes
	Relation External/Total no of cell changes (in %)

	1
	6
	100

	7
	18
	43

	19
	30
	26

	37
	42
	19

	61
	54
	15

	91
	66
	12

	127
	78
	10

	169
	90
	9

	271
	114
	7

	397
	138
	6

	547
	162
	5

	721
	186
	4

	1141
	234
	3














Table 1.

This is a simplified network where cell reselection is assumed to be possible only to the 6 closest neighbours. In normal case the neighbour cell lists can contain cells not directly close to the serving cell. So the figures for external cell changes will probably be higher.  

The case with a network composed of a mixture of BTSs and BSCs from different vendors will also give much higher figures (approx 30 - 50% external cell changes) as the cell clusters for a certain BSC will look like islands among cell clusters from other vendors BSCs.

There is also the case when an UMTS network is overlaying a GSM network, which means that the two access technologies have different nodes both in the access network and in the core network. 

Below are the different cases for cell re-selection listed and the possibility to add NACC to each case is then further discussed in this document. The mobile stations are and the radio interface protocols are not affected in any of these traffic cases. 

 AUTONUM 
Cell Reselection Traffic cases to consider for future releases.

Cell changes to a cell managed by another BSC or to other GERAN or UMTS cells where the origin BSC/RNC does not have system information available for the new cell requires either new signalling over the Gb, Iu or Iurg interfaces or management tools to inform each BSC/RNS/RNC of the neighbour cell system information.

The Table 2 below indicates scenarios to be considered for cell reselection between different BSCs/RNCs. GERAN Gb indicates a BSC connected to SGSN only via Gb; GERAN Iu indicates a BSC connected to SGSN only via Iu and GERAN Iu/Gb indicates a BSC connected to SGSN via both Iu and Gb. This paper does not consider cell reselection scenarios involving CDMA 2000 cells.

	From
	To

	GERAN Gb
	GERAN Gb

	GERAN Gb
	GERAN Iu

	GERAN Gb
	GERAN Iu/Gb

	GERAN Gb
	UMTS

	GERAN Iu
	GERAN Gb

	GERAN Iu
	GERAN Iu

	GERAN Iu
	GERAN Iu/Gb

	GERAN Iu
	UMTS

	GERAN Iu/Gb
	GERAN Gb

	GERAN Iu/Gb
	GERAN Iu

	GERAN Iu/Gb
	GERAN Iu/Gb

	GERAN Iu/Gb
	UMTS

	UMTS
	GERAN Gb

	UMTS
	GERAN Iu

	UMTS
	GERAN Iu/Gb

	UMTS
	UMTS















Table 2.

For each scenario there are then at least 3 alternative solutions to consider:

1) to set up the additional neighbour cell data via O&M tools;

2) to let the serving BSC/RNC ask the neighbour BSC/RNC for neighbour cell data each time an inter BSC/RNC cell change occur and 

3) to let each BSC/RNC send information to the neighbour BSC/RNC as soon as essential system information is changed for a cell with external neighbours. 

Alternative 1) is probably not realistic as O&M tools are mainly used to update static cell information in a BSC and the information required for cell reselection is of a more dynamic type.

O&M tools and interfaces are also normally manufacturer specific so automatic updating of information between such BSCs is not possible. So alternative 1) is not considered as the right way forward. 

Alternative 2) will probably result in too long delays when the information is required and will also generate traffic between the radio and the core network each time an inter BSC cell change occurs. But the alternative may be useful for a cell to request system information from other cells if the information is not available. 

Alternative 3) is the most realistic alternative. That would require new standardised messages to be introduced between different nodes and that is further elaborated for each of the 16 cases listed in table 3 below. 

	Case No
	From
	To
	Traffic via

	1. 
	GERAN Gb
	GERAN Gb
	SGSN 

	2. 
	GERAN Gb
	GERAN Iu/Gb
	SGSN 

	3. 
	GERAN Gb
	GERAN Iu
	SGSN 

	4. 
	GERAN Gb
	UMTS
	SGSN

	5. 
	GERAN Iu
	GERAN Gb
	SGSN 

	6. 
	GERAN Iu
	GERAN Iu/Gb
	SGSN or Iurg 

	7. 
	GERAN Iu
	GERAN Iu
	SGSN or Iurg

	8. 
	GERAN Iu
	UMTS
	SGSN or Iur

	9. 
	GERAN Iu/Gb
	GERAN Gb
	SGSN 

	10. 
	GERAN Iu/Gb
	GERAN Iu/Gb
	SGSN  or Iurg

	11. 
	GERAN Iu/Gb
	GERAN Iu
	SGSN or Iurg

	12. 
	GERAN Iu/Gb
	UMTS
	SGSN or Iur

	13. 
	UMTS
	GERAN Gb
	SGSN

	14. 
	UMTS
	GERAN Iu/Gb
	SGSN or Iur

	15. 
	UMTS
	GERAN Iu
	SGSN or Iur

	16. 
	UMTS
	UMTS
	SGSN or Iur


Table 3.

The scenarios including the SGSN node can then either be of type intra- or inter SGSN. The Inter SGSN cases will then require updates of the Gn/Gp interface.

Case1:  GERAN Gb to GERAN Gb

This case requires new messages to be introduced over the Gb interface (BSSGP-protocol 3GPP TS 48.018) which affect both the BSC and the SGSN. 

It also requires the following functionality to be added in the BSC and in the SGSN: 
a) in BSC to distribute, when changed, part of system information for a certain cell to all external neighbour BSCs over the Gb interface. 
b) in BSC to address the neighbour cells (and the neighbour BSC) over the Gb with the CGI (cell global identity); 
(The neighbour cell lists contain today only Frequency and BSIC and no complete CGI); 
c) in BSC to receive and store neighbour cell system information from other BSCs for external neighbours;
d) in SGSN to send and receive neighbour cell data over Gb;
e) a new routing feature in the SGSN to route intra SGSN messages between Gb-connections. As routing address from one BSC to another BSC the CGI is proposed to be used. 
f) for inter SGSN routing the SGSNs also have to send and receive tunnelled neighbour cell data over the Gn/Gp interface. Affected protocol is GTP (3GPP TS 29.060).

Case 1 is proposed to be part of GERAN R5.

Case2:  GERAN  Gb to GERAN Iu/Gb

This case2 is similar to case1. If the SGSN is combined 2G/3G node or if there is 2 SGSNs- one 2G and one 3G, the signalling required for extended NACC between the GERAN Iu/Gb and the SGSN could either be performed over the Iu-interface or over the Gb interface. Signalling over the Iu would require updates of the Iu-interface (TBD). As also a GERAN BSC will be equipped with the Gb interface for a considerable time, it is proposed to specify the required NACC updates only for the Gb interface in Release 5. In future releases updating via the Iu interface may be considered. If that is agreed, case 2 is equal to case 1.

Case 2 is proposed to be part of GERAN R5 with signalling over Gb only.

Case3:  GERAN Gb to GERAN Iu

This is a case that includes an Iu-only BSC. As this is envisaged not to be a realistic scenario within the nearest years and as case3 also requires updates of the Iu interface it is proposed let case3 not to be part of GERAN R5.    

Case4:  GERAN Gb to UMTS

In this case the GSM cell parameters are distributed via either a combined 2G/3G SGSN or between a 2G and a 3G SGSN. In both cases changes in the Gb interface and in the BSC according to Case1 above are required. In addition the Iu interface between UTRAN and the SGSN has to be updated and the following functionality has to be added: 
a) in RNC to send when changed own neighbour cell data to the neighbour BSCs over the Iups interface; 
b) in SGSN to receive neighbour cell data over Iups and send it further on over the Gb interface;
c) in BSC to include the neighbour UMTS cells and the neighbour RNCs (FFS) in the new external neighbour cell data tables;
d) to distribute to the MS required UMTS system information before cell change. This affects also the Um interface as the Packet Neighbour Cell Data message has to be extended with the required UMTS-parameters;
e) in RNC to include functions for immediate access (if required; FFS) 

As this case requires additional changes affecting the Um, the Iups and eventually also the UTRAN Uu interfaces it is proposed to be left out for the GERAN R5 and instead be a candidate for a future GERAN release.

Case5 – Case8:  GERAN Iu to Any other

Same comments as for case3. Proposed not to be considered in GERAN R5. 

Case9:  GERAN Iu/Gb to GERAN Gb

This case is similar to case1. Case9 is proposed to be part of GERAN R5 with signalling over Gb only.

Case10:  GERAN Iu/Gb to GERAN Iu/Gb

This case is similar to case1 but an Iurg interface may be available. AsIurg is optional any additions to Iurg is proposed to be part of a future release. Case10 is proposed to be part of GERAN R5 with signalling over Gb only.

Case11  GERAN Iu/Gb to GERAN Iu

 Same comments as for case3. Proposed not to be considered in GERAN R5. 

Case12 GERAN Iu/Gb to UMTS

 Same comments as for case4 and case5-8. Proposed not to be considered in GERAN R5. 

Case13 – Case16: UMTS to Any other system

These cases require corresponding updates (introduction of NACC) of the UTRAN Uu interface as was done for GPRS Um interface in GERAN R4. UTRAN has then to send the GSM (or UTRAN) neighbour cell system information to an MS before the MS performs cell re-selection to a GSM- or to another UMTS cell.  As this is an internal UTRAN issue case13 – case16 is proposed not to be considered in GERAN R5. 

 AUTONUM 
Proposed changes to the interfaces and to the nodes

 AUTONUMLGL 
Gb and Gn/Gp interfaces

In order to send system information from a cell where system information has been changed to its external neighbours it is proposed to add two new messages to the BSSGP and to the GTP protocols (see figure 2). The first message, CELLDATA, will contain the updated system information from the source BSC and is sent to the destination BSC addressed with Cell Global Identity (CGI). The destination BSC will acknowledge the message by sending back it’s system information in the CELLDATA ACK message to the origin cell specified in CELLDATA. If the source BSC is not receiving the receipt, the procedure shall be repeated at least ones.

The trigger for transmission of the message is when the actual system information is updated for a cell with external neighbours. By this procedure the BSC 1 will also have the possibility to poll any external cell for system information when required (implementation option).  

If both the source and the destination BSCs are controlled by the same SGSN, the SGSN will only route the information between two Gb interfaces. If the BSC2 belongs to another SGSN, the messages have to be sent over the Gn/Gp interfaces. 

The encoding of  the CELLDATA and the CELLDATA ACK container messages shall be done in such a way that transmission of new information elements shall be possible to add in the future. 
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NOTE: Dotted line from SGSN1 to BSC 2 indicates the case when the source and the destination BSCs belong to same SGSN.


Figure 2.

 AUTONUMLGL 
BSC

The BSC has to include the following functionality in GERAN Release R5:

· Distribution of containers with own updated system information to external neighbours over the Gb when own system information has been updated or as receipt;

· Reception of containers with updated system information from external neighbours over the Gb

· Storing of neighbour cell data from the neighbouring BSCs; 

· Distribution of this information to MS in CCN mode;

 AUTONUMLGL 
SGSN (2G)

A 2G or a combined 2G/3G capable SGSN has to include the following functionality in R5:

· Routing of System Information containers received on Gb to other BSCs within same SGSN over the Gb interface;

· Routing of System Information containers received on Gb to other SGSNs/BSCs over the Gn /Gp interface;

· Routing of System Information containers received on Gn/Gp to other BSCs over the Gb interface.

 AUTONUM 
Summary

It is proposed that the GERAN #5 forum agrees to

· the update of the Gb (BSSGP - TS 3GPP 48.018) and the Gn/Gp ( GTP – 3GPP TS 29.060) interfaces  in Release 5 which allows the BSCs to exchange neighbour cell data in order to support the NACC feature at cell changes between BSCs. 

· the different cases and the release planning for each of these cases as summarised in the Table 4.

	
	Cell re-selection
	
	
	

	Case No
	From
	To
	Traffic via
	Part of Release 5
	Comment

	1. 
	GERAN Gb
	GERAN Gb
	SGSN 
	Yes
	

	2. 
	GERAN Gb
	GERAN Iu/Gb
	SGSN
	Yes
	

	3. 
	GERAN Gb
	GERAN Iu
	SGSN
	No
	

	4. 
	GERAN Gb
	UMTS
	SGSN
	No
	

	5. 
	GERAN Iu
	GERAN Gb
	SGSN
	No
	

	6. 
	GERAN Iu
	GERAN Iu/Gb
	SGSN or Iurg
	No
	

	7. 
	GERAN Iu
	GERAN Iu
	SGSN or Iurg
	No
	

	8. 
	GERAN Iu
	UMTS
	SGSN or Iurg
	No
	

	9. 
	GERAN Iu/Gb
	GERAN Gb
	SGSN
	Yes
	Over Gb

	10. 
	GERAN Iu/Gb
	GERAN Iu/Gb
	SGSN or Iurg
	Yes
	Over Gb

	11. 
	GERAN Iu/Gb
	GERAN Iu
	SGSN or Iurg
	No
	

	12. 
	GERAN Iu/Gb
	UMTS
	SGSN or Iurg
	No
	

	13. 
	UMTS
	GERAN Gb
	SGSN 
	No; UTRAN issue
	

	14. 
	UMTS
	GERAN Iu/Gb
	SGSN or Iurg
	No; UTRAN issue
	

	15. 
	UMTS
	GERAN Iu
	SGSN or Iurg
	No; UTRAN issue
	

	16. 
	UMTS
	UMTS
	SGSN or Iurg
	No; UTRAN issue
	


  Table 4.
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