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1
Introduction
In MOCN deployments of shared networks the selection of CN operator can be separated into three cases.
a) Shared network with dedicated PLMNs and the UE is a supporting UE;

b) Shared network with dedicated PLMNs and the UE is a non-supporting UE; and

c) Shared network with common PLMN only.

In case a) the CN operator is decided by the UE selection of a dedicated PLMN, and the RAN node can route the request to the correct MSC or SGSN. If a request is rejected by the CN operator, the reject is given to the UE which can then select another PLMN and restart with a new registration procedure.
In cases b) and c) the RAN node needs to select a CN operator to route a request to, based on a selection algorithm. In case the request is not accepted by the CN, it is possible for the RAN node to redirect the request to another CN operator depending on the cause value used in the reject. A reject is sent to the UE if a CN operator returns a cause value not subject for redirection, or if all CN operators reject the request.
This paper further discusses the CN operator selection method used in cases b) and c) and raises a possible issue caused by the recent changes to the cause values that trigger redirection. Finally, proposals how to proceed are given.
2
Discussion
In deployments of shared network as outlined in cases b) and c) above, the UE cannot differentiate between the sharing operators, so requests are sent using the Common PLMN (implicitly by not indicating any PLMN at all). It is the task of the RAN node (BSC or RNC) to route the requests towards one of the operators. The request is evaluated by the CN node and a response is returned back to the RAN node:
1) the request is accepted;

2) the request is rejected with a non-redirection qualifying cause value; or
3) the request is rejected with a redirection qualifying cause value.

In cases 1) and 2) the result is a direct response back to the UE, either accepting or rejecting the request. In case 3) the RAN node will select another sharing operator and the request is sent to a CN node of that operator. This is repeated until a response according to 1) or 2) is received or until the request has been attempted towards all sharing operators and only responses according to 3) were received by the RAN node. In the latter case the RAN node selects the “mildest” cause value of those received and sends a response to the UE.

2.1CS/PS coordination
In a shared network operating in NMO1, the UE will send a combined request that will be evaluated by the selected SGSN. The MSC is determined by the SGSN and Gs interface is used for the CS request. A response back consists of responses from both CS and PS domains, so a single request is always corresponds to requests to correlated CS and PS domains and CS/PS coordination is achieved.
If the shared network does not operate in NMO1, the UE sends separate requests towards the CS and PS domains. These requests are served separately by the RAN node and the selection mechanism in the RAN node needs to ascertain that the same sharing operator is selected for both CS and PS requests. The response possibilities are the same as 1-3 above, and CS/PS coordination is not an issue at responses according to 1 and 2. To achieve CS/PS coordination for responses according to 3, it is important that redirection qualifying requests are only used for error conditions applicable for both CS and PS domain simultaneously. If a domain specific error condition is used to trigger request redirection in the RAN node, the result can be that the CS request is accepted by one sharing operator and the PS request is accepted by another sharing operator, i.e. CS/PS coordination is not achieved.
2.2 Changes to reroute qualifying cause values
Until recently, the cause values subject to redirection by the RAN node were:

· #11 PLMN not allowed;
· #12 Location Area not allowed;
· #13 Roaming not allowed in this location area;
· #14 GPRS services not allowed in this PLMN; and

· #15 No Suitable Cells In Location Area.
The nature of these cause values is such that it is most likely that both CS and PS domains of a sharing operator will return the same cause, or even all sharing operators will return the same cause value and CS/PS coordination is achieved.
In CT1#83, two new cause values were added to the list above by a CR to 3GPP TS 24.008 [1]:

· #17 – Network failure; and

· #25 – CSG not allowed.

Whereas #25 is likely to apply for both CS and PS domain, #17 is not. In many cases the error condition that results in a reject with #17 is limited to one domain, and there is no correlation between domains to secure a synchronised handling of rejects. Examples of error situations are:

· Authentication failure (in case that Authentication using IMSI is performed);

· Timeout during HLR Location Update procedure;

· Unsuccessful storage of authentication vectors in VLR;

· Unsuccessful fetching of Authentication vectors from Authentication centre;

· Communication failure towards S-GW/GGSN.

Conclusion: Using #17 as a redirection triggering cause value will likely result in CS and PS domains not being coordinated.
2.3 Consequences of CS and PS domains not coordinated
If separate CS and PS requests are accepted by different sharing operators, the UE will receive a TMSI pointing to one sharing operator and a P-TMSI pointing to another sharing operator. In both cases the Common PLMN will be used, so for basic connectivity and service there should be no problem. The RAN will route subsequent messages based on the temporary identifiers. From the sharing operators’ point of view the UE will be registered and receive service for either CS only or PS only. Charging will be received from separate operators for CS and PS.
When looking further into details there are however a few issues that should be considered and decided whether acceptable or not:

i. The network name presented to the end user will be according to the name corresponding to the Common PLMN. If NITZ is used to control the operator name dynamically, either the network providing CS service or the network providing PS service will be displayed depending on which domain registration is completed first. Thus, it is unpredictable which name will be displayed.
ii. The tariff information sent to the UE will come from one of the operators. If the UE receives tariff information from both operators, the end user will assume the tariff of the displayed network applies. The consequence in both cases is that the end user will assume being charged according to one tariff while in reality charged according to the tariff of another operator for the service given in one of the domains.

iii. The equivalent PLMN list used will be provided by one operator and it is unpredictable which as the latest received will be used by the UE. The equivalent PLMN list can change back and forth between the list provided by the CS domain operator and the PS domain operator, and it is thus unpredictable what PLMN the UE can change to if e.g. changing to LTE.
4
Conclusions and Proposal

As can be seen in the discussion above, the addition of #17 to the cause values that trigger redirection by a RAN node will increase the risk of CS and PS domains not being coordinated in a shared network with common PLMN only and for non-supporting UEs in a shared network with dedicated PLMNs. Consequences of CS and PS domains not being coordinated have been provided and it is proposed that CT1 discusses this to conclude whether the consequences are acceptable or not.
If CT1 agrees that the increased risk of CS and PS domains not being coordinated is not acceptable, solutions to this problem can be provided to next CT1 meeting. A solution could e.g. be to allow both redirection and redirection complete in combination with #17, and let MSC/SGSN decide when to apply which alternative.
If CT1 cannot agree on a conclusion, it is proposed to seek guidance from SA1 and SA2 via liaison statements.
4
References

[1]
C1-132204; “Introduction of additional Cause Codes as triggers for redirection for MOCN”; CT1#83, May 2013.

