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1.
Introduction

Within 3GPP developments are progressing within the RAN Groups on Radio/Advanced RAN architectures while SA groups are considering the strategic architecture evolution for the packet core.

This paper discusses some simplistic volumetric aspects for consideration when considering the mobility impacts of wide area cellular mobility combined with the longer term architecture view (evolution from existing 2.5G and 3G also needs consideration).  Within this paper the term ‘handover’ is used, however this could be an RA update, relocation or other mobility event, we assume a very simplified linear handover rate which may underrate the potential impacts.
2.
Discussion: Nodal impacts of mobility
Figure one provides a summary of the R99 PS architecture in simplified form.
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Figure 1: Simplified R99 Architecture

Figure two suggests physical numbers of nodes for a network and suggests probablities for involvement in handovers.   
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Figure 2: Simplified Physical nodal numbers
For the simplified physical view of figure 2, assuming intelligent placement and parenting with a nominal ‘square’ deployment of nodeBs surrounded by RNC, SGSN and GGSN, we can make the following assumptions:
For 6400 nodeBs, then we can assume that each of the 4 RNC ‘parents’ 400 nodeB, hence (with a simplified linear model) for each change of nodeB/handover due to mobility approximately 1 in 20 will invoke an RNC change.   For the SGSN, each handling typically 4 RNC (hence again approximately 1 in 40 will invoke a change of SGSN).
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Figure 3: One Tunnel type Architecture/Combined node at RNC/SGSN level
Figure three illustrates a typical one tunnel type architecture, whereby the 3G SGSN is removed from the user plane, this could also illustrate an architecture where a mobility point is added at a combined RNC/SGSN level.   When the handover impacts of the  rationalised architecture (e.g. One Tunnel) is applied, the GGSN will see more mobility/handover load, due to it needing to respond to every RNC change.  In this case approximately 1 in 20 handovers will impact the GGSN (the same as the number impacting the SGSN above).
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Figure 4: Directly connected architecture

When consideration is made for possible architectures whereby the radio nodes (e.g. enodeB) is directly connected to the evolved GGSN, the evolved GGSN needs to respond to every handover/change in enodeB with the associated load impacts.
Table One provides a summary of the typical handover/mobility loads and how this is divided within the network.
	
	nodeB/enodeB
	RNC
	SGSN
	GGSN
	Mobility impact comparison factor (compared to R99)

	Nodal numbers
	6400
	16
	4
	-
	-

	R99 mobility loads/handovers
	6400
	1/20
	1/20 (toward RNC) 1/40 towards GGSN
	1/40
	1 (Benchmark)

	Single tunnel (no SGSN in U Plane)
	6400
	1/20
	(only C Plane aspects)
	1/20 (tunnel end point changes wrt RNC)
	X2

	Combined node at RNC/SGSN level for mobility
	6400
	1/20
	(assumed included in combined RNC/SGSN level node)
	1/20 (tunnel end point changes to combined RNC/SGSN level node)
	X2

	Directly connected enodeB to evolved GGSN
	6400
	Not calculated: may be control plane element
	Not calculated: may be control plane element
	Prob = 1 (all: any change in enodeB causes change of path in evolved GGSN)
	X40


Table One: Handover/mobility load comparisons with R99

When operators consider the evolution of existing nodes towards longer term architectures the deltas and changes in load due to mobility need to be considered, especially when considering the likely introduction scenarios of new 3GPP Radio Access types and connectivity into existing packet data networks.  
2.
Summary 
This paper has highlighted based upon a very simplified paper exercise the expected changes in mobility load within nodes that may be expected as the different potential architectures for 3GPP evolve.  Suppliers and operators will need to perform their own analysis based upon the relavent expectations for handover and mobility (also considering mobility with 3G/2.5G and other accesses) combined with real live data from networks.   At an architectural level 3GPP SA2/SA should ensure that an end to end approach is taken to architecture design with due consideration made to the expected deltas required in performance to enable such architectures on a physical basis to be realistically achieved.
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