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	Reason for change:
(

	There are situations where (when using pooling) a network operator will wish to remove load from one CN node in an orderly manner (eg to perform scheduled maintenance, or, in the case of overload) with minimal impact to customers and/or load on other entities. Although it has generally been imagined that Iu-flex can achieve this, using functionality such as “CM Service Reject with cause = IMSI unknown in VLR”, the actual methodology has not been documented. Indeed, when it is analysed, it seems that extra RAN node functionality is required to make the procedures work smoothly. 

This CR attempts to document the functionality needed for smooth load re-distribution.

Analysis

If load re-distribution is attempted by solely re-configuring the NRI to CN node mapping table within the RAN node then the following problems arise:

1
In the case of a mobile terminating call, the currently used MSC will page the mobile. However, with a reconfigured NRI to CN node mapping, the RAN node would route the Paging Response to a different MSC (the “new MSC”). Hence the call will fail (negatively impacting the customer). In addition the “new” MSC will release the mobile without prompting the mobile to perform a location update (thus loading the “new” MSC without removing any load from the “old” MSC). This is because CM Service Reject (cause IMSI unknown in VLR) is not the normal MSC response to an unexpected Paging Response message. Even if the CM Service Reject message was sent by the ‘new’ MSC, the UE would regard it as a message ‘incompatible with its state’ and reject it.

2 
In the case of a mobile originating call, the new MSC can send CM Service Reject (cause IMSI unknown in VLR). This will force the mobile to register on the new MSC, but, the mobile is not mandated to reattempt the call set up. This may have some undesirable impacts on the customer (but is less problematic than the case for MT calls).

It is believed that these problems can be avoided if the RAN node only redirects those SCCP connection establishment requests that are for Location/Routeing Area Updates. After the PLU/PRU period much of the load will have been removed from the “old” CN node. The remaining load can then be removed by redirecting MO call attempts, and finally, by redirecting all call attempts.
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	RNC and BSC behaviour descriptions are added to the TS. This functionality can be used to smoothly re-distribute load from a CN node.
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4.5
Load Balancing

Preferably, the NAS Node Selection Function in the RAN node balances the load between the available CN nodes. This is performed by an appropriate selection of the CN node for an MS which was not yet assigned to a CN node, i.e. when there is no CN node configured for the NRI indicated by the MS, when no NRI can be derived or in exceptional cases, e.g. when the CN node corresponding to an NRI cannot be reached. The load-balancing algorithm is implementation specific.

In case of handover/relocation into a pool-area a load balancing between all the target CN nodes serving this  pool-area is gained by configuration. Source CN nodes which support Intra Domain Connection of RAN Nodes to Multiple CN Nodes may be configured with all possible target CN nodes for each handover/relocation target. Source CN nodes which do not support the Intra Domain Connection of RAN Nodes to Multiple CN Nodes can configure only one target CN node per handover/relocation target. In this case each of source CN nodes which handover/relocate to the same pool-area may be configured with another target CN node out of all target CN nodes serving the same handover/relocation target. The mechanism for distribution of the traffic between the handover/relocation target CN nodes is implementation specific. This load balancing is complemented by the NAS Node selection Function in the RAN, which distributes MSs between the CN nodes when these MSs enter the pool-area in idle mode.

As more than one SGSN may send downlink data at the same time for a cell or a BVCI the total possible downlink traffic has to shared between the SGSNs as described in clause "5.3.2
Gb mode". 

4.5a
Load Re-distribution
4.5a.1
General
There are situations where a network operator will wish to remove load from one CN node in an orderly manner (eg to perform scheduled maintenance, or, in the case of overload) with minimal impact to customers and/or load on other entities.

Solely re-configuring the NRI to CN node mapping within the RAN node does not achieve this (see notes below).
Note 1: 
in the case of a mobile terminating call, the currently used MSC will page the mobile, but (with a reconfigured NRI to CN node mapping), the RAN node would route the Paging Response to a different, new, MSC. Hence the call will fail (negatively impacting the customer). In addition the “new” MSC will release the mobile without prompting the mobile to perform a location update (thus loading the “new” MSC without removing any load from the “old” MSC). This is because CM Service Reject (cause IMSI unknown in VLR) is not the normal MSC response to an unexpected Paging Response message. Even if the CM Service Reject message was sent by the ‘new’ MSC, the UE would regard it as a message ‘incompatible with its state’ and reject it.
Note 2: 
in the case of a mobile originating call, the new MSC can send CM Service Reject (cause IMSI unknown in VLR). This will force the mobile to register on the new MSC, but, the mobile is not mandated to  reattempt the call set up. This may have some undesirable impacts on the customer (but is less problematic than the case for MT calls).
Instead, to perform load redistribution for already registered MSs, the procedures in the following sections should be used.
4.5a.2
BSS, A Interface
When the operator wants the BSS to re-distribute the load from a particular MSC, the operator should be able to enter commands that specify whether, at A interface SCCP connection establishment:

(a) only Location Updating Requests for a particular NRI range, or, 
(b) Location Updating Requests and CM Service Requests for a particular NRI range, or, 
(c) all activities for a particular NRI range,
are re-distributed by the BSC to other MSCs.

4.5a.3
BSS, Gb Interface

When the operator wants the BSS to re-distribute the load from a particular SGSN, the operator should be able to enter commands that specify whether:

(a) only LLC frames with LLC SAPI = 1 for a particular NRI range, or, 


(b) all LLC frames for a particular NRI range

are re-distributed by the BSC to other SGSNs.

Note: 
LLC SAPI = 1 is used by both GMM and Session Management messages, but, because encryption operates between the MS and SGSN, further analysis of the LLC frame’s content (in order to differentiate between GMM and SM) is not believed to be possible.
4.5a.4
RNC, Iu-cs Interface

When the operator wants the RNC to re-distribute the load from a particular MSC, the operator should be able to enter commands that specify whether, at Iu-cs interface SCCP connection establishment:

(a) only Location Updating Requests for a particular NRI range, or, 

(b) Location Updating Requests and CM Service Requests for a particular NRI range, or, 

(c) all activities for a particular NRI range,

are re-distributed by the RNC to other MSCs. 
This requires the RNC to analyse the contents of the NAS Message Information Element in the RRC Initial Direct Transfer message.

Note:
an alternative would be that the RNC uses the Establishment Cause IE in the RRC Connection Request message to determine the above category (a), (b) or (c). However, this is not really appropriate when the CS domain Initial Direct Transfer message was sent across an existing RRC connection (ie one that was established for a PMM connection). 
4.5a.5
RNC, Iu-ps Interface
When the operator wants the RNC to re-distribute the load from a particular SGSN, the operator should be able to enter commands that specify whether, at Iu-ps interface SCCP connection establishment:

(a) only GMM messages apart from Detach Request and Service Request messages for a particular NRI range, or, 

(b) only GMM messages apart from Service Request messages with ‘Service Type’ not equal to “signalling” for a particular NRI range, or, 

(c) all activities for a particular NRI range,

are re-distributed by the RNC to other SGSNs. 
This requires the RNC to analyse the contents of the NAS Message Information Element in the RRC Initial Direct Transfer message.
Note:
the alternative of the RNC using the Establishment Cause IE in the RRC Connection Request message to determine the above category (a), (b) or (c) requires further analysis (e.g. “Follow on Proceed” situations).  

4.5a.6
Network Mode of Operation = 1

If an operator is using Network Mode of Operation = 1 (i.e. using combined MM and GMM procedures and the Gs interface), then load redistribution can be achieved by using different “NRI to CN node” settings in the SGSN to those in the RAN nodes.

For optimal operation, the operator should be able to control whether the SGSN should only apply re-routing to registration request messages and not to detach messages.
4.5a.7
CN Node Requirements

While redistributing the load, the RAN nodes have more than one CN node relating to some NRIs. To reduce abnormal cases (and, at least, the subsequent results on statistical counters in CN nodes), it is important that the “new CN nodes” do not allocate (P)TMSIs containing NRI values that were allocated to the “old CN node”.
Note: 
for example, this is useful in the CS domain to ensure the correct routeing of Detach messages from both (a) mobiles that have been switched on for a long time and (b) mobiles that are switched on and then off quickly.
4.6
Mobility Management

An MS performs LA or RA Updates and Attachments, which may result in a change of the serving CN node. In these procedures the new CN node requests from the old CN node MS specific parameters. If multiple CN nodes are configured in the new CN node for the old RA or LA indicated by the MS then the new CN node derives the NRI from the old (P-)TMSI indicated by the MS. The new CN node uses the old RA or LA together with the NRI to derive the signalling address of the old CN node from its configuration data. If the network contains nodes that cannot derive the old CN node from LAI/RAI and NRI a default CN node for each RA or LA (as described below) shall be used to resolve the ambiguity of the multiple CN nodes serving the same area. 
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