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1. Introduction
This discussion paper discusses possible issue that may happen when MSC/VLR and MME/e-UTRAN are not located in same geographical time zone and proposes solution to address the issue.
2. Discussion
For 2G/3G networks, Time Zone for cell sites is provided by MSC/VLR. Time zone info is passed from MSC to MS using MM/EMM Information Procedure. 

For 4G network, Time Zone for cell sites is provided by MME.  Both EMM Information Procedure on S1 interface and MM Information Procedure on SGs interface are supported:

1. MME could send Time Zone info to UE using EMM Information Procedure. For EMM Information Procedure, it is initiated by MME at any time during an established EMM context as shown in Figure 1.
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Figure 1: EMM Information Procedure
2. In addition, when SGs interface is deployed, MSC/VLR may be sending Timezone info to UE using MM Information Procedure. For MM Information Procedure, it is initiated by VLR as soon as the SGs Assocation has entered SGs-ASSOCIATED state.  VLR formats MMInformation IE and sends it using SGsAP-MM-INFORMATION-REQUEST message to MME.  MME will just forward MM Information received using EMM Information Message as specified in TS 29.118:
If an SGsAP-MM-INFORMATION-REQUEST message is received for a UE for which there exists an SGs association at the MME, the MME shall forward the contents of the MM information information element to the UE indicated in the SGsAP-MM-INFORMATION-REQUEST message, using an EMM INFORMATION message as defined in 3GPP TS 24.301 [14].
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Figure 2: MM Information Procedure When MSC/VLR in same Time Zone
Currently MME does not update MSC/VLR with Timezone info until later in Service Request Procedure and Uplink Unitdata Procedure. However, TS29.118 states that MM Information Procedure may be initiated by VLR as soon as the SGs Assocation has entered SGs-ASSOCIATED state right after successful IMSI attach:

If for the target UE for the MM information procedure the state of the SGs association in the VLR is SGs-ASSOCIATED, the VLR may initiate the MM information procedure by transferring an SGsAP-MM-INFORMATION-REQUEST message to the MME.
For 4G deployment, it is possible that e-UTRAN/MME and MSC could be located in different geographic region, and different time zone as shown in Figure2.  In this case, for MM Information Procedure initiated right after attach, if Time Zone has been included in MM Information IE, then the Time Zone info will not be correct as shown in Figure 3:
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Figure 3: MM Information Procedure When MSC/VLR in different Time Zone
3. Possible solutions
Change is needed to make sure that correct Time Zone info is passed to UE for the case where MSC/VLR is not located in the same geographical timezone as MME/eUTRAN.
There are two solutions to achieve this:
Solution 1:  MME makes Timezone information available to MSC/VLR during attach:
For this approach, MME includes additional TimeZone IE in the SGsAP-LOCATION-UPDATE-REQUEST message and MSC will store the TimeZone info for later use as shown  in Figure 4:
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Figure 4: Solution 1 – Passing Time Zone Early During Attach
Solution 2: MME modifies the MM Information IE by replacing Timezone with correct cell site TimeZone info.
With this approach, MME needs to modify the Timezone info received in  MM Information IE, and replace it with Timezone info corresponding to the cell site the UE camped on as shown in Figure 5.
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Figure 4: Solution 2 – Modify MM Information IE Contents

4. Conclusion

It is proposed to have a discussion on above solutions and make a conclusion. Solution 1 is preferred as including additional Timezone IE is simple to implement.  In addition, it is consistent with the handling in existing Service Request Procedure and Uplink Unitdata Procedure, where Timezone IE is included in the message.  CR C1-103167 has been drafted based on Solution 1. 
Since similar issue could happen in Gs deployment, it is preferred to change 29.018 accordingly.  CR C1-103168 has been drafted for changes in 29.018. 
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