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This paper bases on S2-051400 from S2 #46 drafting group. Main differences are additions for Gb based RAN.
Introduction

Discussion on load balancing and node reset with Iu-flex on the Teleconference agreed to look at specific parts of the proposal instead of the whole solution.  The different topics that were identified were:

1) The trigger for the re-distribution - where and how 

2) The selection of the new node – where does it happen

3) (P-)TMSI address space limitation

4) Gs interface

This contribution is an update of the comparison tables along those lines.

Comparison 

1) Trigger for re-distribution

	
	BSC discrimination based on LLC SAPI=GMM/SM, see Note 1, and forwards UL-PDU to appropriate CN node
	RAN discrimination based on message type and forwards the MM messages to the appropriate CN node
	CN sends a response message to force a second LAU/RAU

	Number of nodes impacted
	BSS (,SGSN)
	RNC, BSS
	MSC, SGSN, plus existing R’5 re-configuration of BSC and RNC

	Applicability for automatic load balancing 
	Gb signalling enhancements/clarification needed, to indicate overload
	Automatic for overload situations.


	No (in a multivendor environment
)



	Left over UEs in the current node (due to CS originating calls, long lived Iu-ps calls etc.)
	
	
	

	 > CS side
	n.a.
	pre-release 5 UEs that are Iu-ps/cs ? connected are not moved, unless RNC examines NAS information. 

In case of A interface, UEs that perform no LAU because of frequent CS services are not moved
	Less UEs left behind (UEs that perform no LAU because of frequent CS services).



	 > PS side
	UEs that perform no updates because of frequents data transfers; update can be enforced by detach request from old or new SGSN

	Less mobiles left behind because the RNC can do an RRC connection release with a cause value that forces the UE to perform an RA update.


	More UEs left behind



	Gs issues
	UEs that perform no updates because of frequents data transfers cannot change MSC (detach by SGSN needed, see PS side)  
	For UEs that perform no updates because of frequents data transfers the RNC can enforce an update by RRC release
	UEs that perform no updates because of frequents data transfers cannot change MSC (detach by SGSN needed ? or by MSC?)

	Common solution for CS and PS side (impact of this on implementation is FFS but is “nice to have”)
	Yes
	Yes (but Gb may differ – although foreign TLLI may help.)
	Yes (if we send LA and RA update accept with non-broadcast LAI/RAI). 

No-if using short PRAU timer.

	Service Interruption  (and hence chance of missed calls)
	No additional time period if trigger is attach attempt or RAU; additional detach/attach for UEs not performing RAU
	No additional time period, RRC release + RAU for UEs not performing RAU
	using non-broadcast LAI/RAI then 2s for CS, tbd for PS (15 second mean?)

Behaviour of mobiles with non-broadcast LAI/RAI should be verified.



	Impact on radio/Iu signalling load
	No increase for PLU/PRU.
	No increase for PLU/PRU.
	Doubled signalling load compared to a single PLU.

	Common solution for A and Iu-cs
	n.a.
	Yes


	Yes

	Common solution for Gb and Iu-ps
	Yes for SGSN; RAN anyhow different entities
	 Yes for SGSN; RAN anyhow different entities
	No – if using non broadcast RAI.

Yes if using short PRAU timer.


	How to handle Mobiles that are out of coverage while the CN node is being removed and UE then returns to coverage after CN removal.
	PRU routed away from the ‘shut down SGSN’.


	PLU/PRU routed away from the ‘shut down MSC/SGSN’.
	The PLUs fail 4 times and the UE backs off for the PLU period – unless the RAN tables are changed when the MSC is removed from service.
(P-) TMSI deleted or not ?

	Example: How to rebalance 1 MSC with 50k highly active subscribers and 1 MSC with 500k inactive subscribers?
	Redistribute the PRUs of 10% of both SGSNs during each night for a week. 
Only foreign/random TLLIs should be used; otherwise redirected SM signalling causes deatch/attach

	Redistribute the PLUs of 10% of both MSCs during each night for a week.

RNC can make more dynamic decisions.

Assumes more than one NRI per MSC available in RAN node.
	Randomly redistribute the PLUs of 10% of both MSCs during each night for a week. 

Extra software development needed  for fully random algorithm.




2) The selection of the new node 

	
	RAN performs CN node selection
	CN performs CN node selection

	Number of nodes impacted
	RNC, BSS
	MSC, SGSN

	(P-)TMSI address space limitation
	None
	Small impact
.



	Gs interface
	Does not handle
	Does not handle

	Multivendor solution?
	Yes
 

	No
.



	Load balancing under normal load
	Uses existing Iu flex O+M in the RAN.
	Adds functionality in the MSC/SGSN to that already in RNC. 

	Applicability for load balancing in overload situation
	Automatic
 using the existing Iu/A interface Overload messages; BSSGP enhancement/clarification for Gb needed.

	Requires well integrated O+M in a multivendor environment
 to avoid adding load to a different CN node that is itself overloaded. Extra O+M signalling needed to tell one MSC of the other MSC’s overload status.

	Common solution for CS and PS side (impact of this on implementation is minor but is “nice to have”)
	Yes
	Yes

	Applicability for A interface
	Yes


	Yes

	Applicability for Gb mode
	Yes
	Yes


	Possible enhanced load balancing
	Needs a new Iu, Gb and A interface message or information elements, and, specification of the encoding of the load values.


	Needs two new O+M interface messages, and, agreement on the multi-vendor encoding of the load values. And inter-vendor O+M interface ?


3) P-TMSI space limitation

	
	RNC trigger and RAN performs CN node selection
	CN trigger but RAN perform CN node selection.

Current CN node selects a (P-)TMSI that informs the RNC to perform new node selection
	CN performs CN node selection.  Current CN selects a (P-)TMSI of the new node
	New LAI/RAI concept.

CN selects LAI/RAI that is not in use.  One LAI/RAI must be allocated per CN node at a minimum

	(P-)TMSI address space limitation
	None
	Small impact

One NRI value needed per CN node.


	Small to medium impact – one NRI value needed per CN node pair.

Small impact for some other alternatives impact – but their backwards compatibility needs to be checked.
	None for CN re-routeing.

Very small for RAN routeing: One NRI value needed.

	(P-)TMSI resolution (Routeing to old CN node and retrieval of VLR data)
	New node identifies old node based on (P-)TMSI
	New node identifies old node based on (P-)TMSI
	New node identifies old node based on (P-)TMSI
	New node identifies old node based on LAI/RAI

	Product impact on target CN node.
	None
	None
	None (for main case)

For alternatives – new TMSI encoding algorithm etc needed.
	None 


4) Handling GS interface:

While there are a couple of proposal for the Gs interface, they are similar. 

However, 

to offload an MSC, O+M messages need to be sent to the SGSN (because Periodic Routeing Area updates do not lead to signalling towards the MSC). 

However the issue on how the SGSN is aware of the load levels on the different MSCs is still open. Distribution between MSCs bases on specified IMSI hash mechanisms in all SGSNs. Load balancing should better not be added to Gs. The CS only UEs should be used to balance the load between MSCs.
Summary

The contribution provides a comparison of the different solutions for Iu-flex.  
Note 1: in Gb mode the LLC SAPI cannot be determined in BSC, because the LLC layer contents are relayed; therefore the equivalent “signalling information” could be known or not according to MS and network capabilities/configuration of Packet access channels (e.g. if PBCCH is not supported, GPRS packet access requests cannot be used to determine whether the access is for GMM signalling or not). It has to be clarified if the most common scenario in GPRS networks (i.e. Rel97/98 MS accessing through CCCH/RACH with one phase access) does apply or not to networks deploying intra domain connection of RAN nodes to multiple CN nodes.
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