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1
Introduction
R2-072369 proposed introduction of the External NACC (eNACC) between E-UTRAN and GERAN in order to enable better performance for packet data services upon cell change for those networks that do not support PS handover.

In this paper the eNACC between UTRAN and GERAN is revisited with the goal of identifying the impacts and architectural requirements when introducing the eNACC between E-UTRAN and GERAN. In addition some performance results are given in order to have an estimate of the performance to be expected by this mechanism in case of E-UTRAN.  

2
External NACC
The Network Assisted Cell Change feature was introduced in GERAN Release 4 in order to reduce the service interruption times for mobile stations in packet transfer mode during intra-BSC cell changes. The Rel-4 NACC enables service interruptions of 300-700ms at cell change by providing in the source cell prior to cell change the system information of a target cell allowing packet access in that cell, thus yielding a significant improvement compared to the few seconds service interruption during cell change without NACC: the acquisition of system information in a given cell prior to packet access in that cell is a time-consuming process. In Rel-5/Rel-6 the NACC feature was extended and RIM (RAN Information Management) procedures introduced to cover the inter-BSC cell changes as well as inter-RAT UTRAN GERAN cell changes (in the direction from UTRAN to GERAN): this is referred to as external NACC (eNACC).

External NACC between UTRAN and GERAN covers only the case where UTRAN is the source cell as the case from GERAN to UTRAN is of no value in terms of the service gaps: the acquisition of UTRAN system information when in UTRAN is faster than if it were done through GERAN. 

The minimum service interruption time of external NACC within GERAN thus involving SGSN is close to 1 second due to the delays in the core network (see for example G2-020765). The service interruption times between E-UTRAN and GERAN will be in the best case at least in the same order (~1 second). 

The exchange of the RAN Information required for external NACC is done by means of the RAN Information Management (RIM) procedures between RAN nodes. The contents are transparent to the Core Network (CN) and the CN nodes are utilized as relays for conveying the RAN information between the RAN nodes. However the end-to-end support for RIM is needed in the RAN and CN nodes.
There are two RIM procedures specified:

-
RAN Information Request procedure initiated by a BSC/RNC when it requires information from another BSC/RNC or when it requires ending of event-driven reports from another BSC/RNC.

-
RAN Information Send procedure initiated by a BSC/RNC when it has information to be sent to another BSC/RNC. The procedure may be event-triggered (e.g. change of System Information) or scheduled (e.g. by a request procedure). Event-driven reports may be stopped by the RAN Information Request procedure.

The support for RIM application in RAN and CN nodes can be identified by standardized procedures through:

-
BSSGP protocol (Gb interface); and

-
the reception of RIM signalling by the target BSC node.

Or by other implementation means such as:

-
specific algorithms for detecting whether a certain BSC supports RIM; 

-
operation and maintainance (O&M) procedures.
3
Introducing E-UTRAN GERAN eNACC
Introducing eNACC between E-UTRAN and GERAN following the principles of the eNACC between UTRAN and GERAN requires specification of the E-UTRAN GERAN RIM procedures in E-UTRAN and GERAN CN and RAN nodes as depicted in Figure 1:
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Figure 1: E-UTRAN GERAN external NACC basic network architecture
The support for the eNACC between E-UTRAN and GERAN will have the following impacts on E-UTRAN / GERAN architecture:

	From
	To
	Affected nodes
	Affected Network Interface
	Affected Radio Interface

	GERAN Gb
	E- UTRAN
	BSC,eNB, MME, SGSN
	Gb, S3 
	Um and Uu

	E-UTRAN
	GERAN Gb
	BSC,eNB, MME, SGSN
	S1, possibly X2, S3 and Gb
	Uu

	NOTE: The direction from GERAN to E-UTRAN is indicated for completeness, but is not considered a valid case by the authors as explained in the remainder of this document


4
Requirements
Following the 3GPP TS 44.901 (list of requirements for eNACC in GERAN and UTRAN), a detailed description of the preliminary requirements can be made in case of eNACC between E-UTRAN and GERAN. These requirements are listed below for GERAN and E-UTRAN for the affected nodes and interfaces.

It must be noted that the functionality specified for UTRAN GERAN NACC [TS25.901] is excluded in the requirements below. However this functionality will be supported jointly with the NACC from E-UTRAN to GERAN.
3.1
GERAN Requirements

3.1.1
BSS Requirements 

The following functionality has to be added to the BSS:

-
An origin BSC shall immediately when changed or, in case of periodic refresh (implementation option), at certain time intervals put in a container and distribute over the Gb interface part of the system information for a certain cell to all eNBs parenting neighbouring cells.

-
At start up, restart or deletion of a cell the system information shall also be sent to all external neighbouring eNBs affected. 

-
There may be one or more RAN information messages for each target eNB. A container message may contain multiple container units each carrying updated system information for one source cell and addressed to one destination BSC/eNB. 

-
A BSC/eNB shall be able to request information from any BSC/eNB with neighbouring cells.

-
A target BSC/eNB shall be able to order another BSC/eNB to stop event driven transmission of information to the target BSC/eNB.

-
The originating RAN node (BSC or eNB) is required to keep information regarding the addressing method to use for each external neighboring cell. 

-
When using a 2G address only one CI of any valid cell is required by the core network for routing purposes in order to find the route to a certain BSC/e.

-
The External NACC procedure requires consistent software in several nodes to operate properly. There will be occasions when the complete set of network nodes is not all updated with the required software. As an implementation option an algorithm can be used to detect whether the destination BSC node support external NACC. Such an algorithm can e.g. draw conclusions when not receiving external NACC procedure response messages and after loss of several  response messages in a row during a specified time period it could be concluded that the External NACC procedure is not supported in a remote node.

NOTE:
for simplicity, some requirements common to BSS and eNB were included above.

3.1.2
SGSN

The RAN information messages will have to be routed by the SGSN to the target eNB over the S3 interface to MME and to the target BSS over the Gb interface.

The SGSN will have to identify from the addresses in the RAN specific information messages whether it is connected directly to the RAN node for which the message is intended. In case of E-UTRAN target cell the SGSN shall deduct from the destination cell address that the target cell is an E-UTRAN cell and then based on the Tracking Area identity route the RIM message to the correct MME over the S3 interface.

In case of the GERAN target cell the SGSN from the destination cell address shall deduct that the target cell is a GERAN cell and then based on cell identity it will route the RIM messages to the correct BSS over the Gb interface. 

The SGSN does not interpret the information contained in the payload of the RAN information messages.

3.1.3
Gb interface

The Gb interface will be used for transmission of the RAN information messages between the BSC and the SGSN when it exists. The following main requirements concerns the Gb interface:

-
The RAN Information Management (RIM) procedure shall transport information between BSCs/eNBs via one or more SGSNs. The SGSNs shall perform a simple relay of the messages from the Gb interface to the S3 interface and vice versa. 

-
The RAN Information Management (RIM) procedure may provide end-to-end acknowledgements between BSS and eNB
-
The RAN Information Management (RIM) procedure shall provide end-to-end error handling between BSS and eNB.

-
The origin BSC will at the Gb interface from the Feature bitmap mechanism in the BSSGP protocol check whether the RIM procedures are supported.

3.1.4
Um interface

If GERAN to E-UTRAN eNACC is supported the Um interface (GPRS RLC/MAC protocol) has to be updated to distribute also the E-UTRAN system information to the MS before the MS reselects from a GERAN to an E-UTRAN cell. 

3.2
E-UTRAN Requirements  

3.2.1
eNB
In addition to the requirements described above for the BSS relevant to eNB, if the procedures for optimized cell reselection would be introduced in the same manner as between UTRAN and GERAN from E-UTRAN to GERAN then the eNB similar to RNC will have to include the functionality of NACC specified for GERAN Rel-4.

3.2.2
MME 

The RAN information messages will have to be routed by the MME to target BSS over the S3 interface and to target eNB over the S1 interface. 

The MME will have to identify from the addresses in the RAN specific information messages whether it is connected directly to the RAN node for which the message is intended. 

In case of the E-UTRAN target cell the MME from the destination cell address shall deduct that the target cell is an E-UTRAN cell and route the message to the correct eNB over the S1 interface.

In case of the GERAN target cell the MME from the destination cell address shall deduct that the target cell is a GERAN cell and then based on Routing Area Identity it will route the RIM messages to the correct SGSN over the S3 interface. 

The MME does not interpret the information contained in the payload of the RAN information messages.

3.2.3
S3 interface

The S3 interface will be used by the SGSN and MME for transfer of RAN information messages between MME and SGSN.

The requirements concerning the S3 interface are similar to the Gn interface requirements:  

-
The SGSN shall perform a simple relay of the messages from the Gb interface to the S3 interface and vice versa. 

-
The required service from S3 for the transfer between SGSN nodes is same as for GTP i.e. is of unconfirmed type (i.e. no request/response message pair should be required). 

-
Support for error handling.

3.2.4
Uu interface

For the E-UTRAN to GERAN eNACC where the MS reselects from E-UTRAN to GERAN the Uu interface has to support the NACC feature as specified for Release 4 of  the GERAN specifications, which includes the distribution of GSM system information on E-UTRAN channels.

3.2.5
X2 interface

Defining NACC may impose requirements on the X2 interface. FFS

4
Expected Performance 

The Rel-4 NACC enables significant improvements in service interruptions by reducing gaps of several seconds to a range between 300ms and 700ms. External NACC offers improvement as well yielding around 1 second interruption for the GERAN to GERAN case (see for example G2-020765). The inter-RAT UTRAN to GERAN case is expected to achieve a minimum service interruption of the same order i.e. 1s as external NACC in GERAN. The inter-RAT E-UTRAN to GERAN case is expected at best to yield a service interruption of about 1 second as well.

Similarly to the discarded eNACC from GERAN to UTRAN, a GERAN to E-UTRAN eNACC would introduce severe service interruption (the acquisition of E-UTRAN system information when in GERAN is assumed to be much slower than in E-UTRAN itself) and as such would be useless: it is hence proposed not to specify this alternative. 

5
Similarities between eNACC and PS HO  

The motivation in R2-072369 for introducing eNACC between E-UTRAN and GERAN is to enable better performance with respect to service interruptions for those networks that do not support PS handover. 

However it must be noted that in terms of impact and requirements on GERAN, both PS handover and external NACC rely on Rel-4 NACC and in terms of higher layers both mechanisms require end-to-end support for the transfer of the signalling over the CN and RAN nodes. I.e. eNACC and PS Handover have a comparable impact on GERAN. The impact on E-UTRAN would also be similar for both eNACC and PS Handover.

While having comparable impact as eNACC, PS handover however enables better performance (well below 1s [3]) in both directions between E-UTRAN to GERAN and vice-versa. In terms of deployment neither eNACC nor PS handover are deployed in live networks as of yet. Only Rel-4 NACC, thus intra BSC is available (Rel-4 NACC is also part of the GERAN Feature Package 1 i.e. mandatory for terminals of Rel-4+). It is also expected that before inter-system eNACC is deployed, inter-GERAN eNACC would be deployed.

6
Conclusions
The introduction of external NACC between E-UTRAN and GERAN will impact both the E-UTRAN and GERAN nodes and interfaces. The performance of external NACC on the E-UTRAN to GERAN direction can be expected to be 1s in the best case. Considering the above the external NACC between E-UTRAN and GERAN may provide performance improvements in terms of service interruptions from a few seconds down to close to 1 second, but only for some applications i.e. for those where E-UTRAN to GERAN direction is of importance. In terms of comparing the PS handover and external NACC it must be noted that both mechanisms are not yet deployed in the networks, both are based on Rel-4 NACC and both require end-to-end support between RAN and CN nodes, with the advantage of PS handover offering  better performance (well below 1s [3]) in both directions.  
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