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Abstract of the contribution: In CSFB MO or MT call, when PS HO from E-UTRAN to UTRAN is used, it may be preferable for the UE not to wait for UTRAN Mobility Information from the target RAN to know the LAI. In such case, it is required to specify what should be the behaviour of the UE when it does not know the LAI. Some companies proposed that  the UE may initiate CM Service Request to avoid the delay of the call setup with the LAU procedure. This paper discusses the pros and cons and proposes to always mandate the UE to initiate the LAU procedure.
Discussion

The issue does not happen when the UE goes to idle mode at a point because it will always read the System Information to get the LAI of the target cell. 
In the case of E-UTRAN to GERAN PS handover, as stated in S2-100550, the RA update procedure is a mandatory part of the E-UTRAN to GERAN PS Handover procedure, and in order to perform the RA update, the UE needs to know the GERAN’s Network Mode of Operation. NMO is sent within the GPRS Cell Options in SI 13, and to find out where SI 13 is sent (on the BCCH or the BCCH-ext), the UE must read either SI 3 or SI 4. Both SI 3 and SI 4 contain the LAI. Therefore in this case also, the mobile knows whether or not it is in the registered LA.

So, only PS HO from E-UTRAN to UTRAN needs be discussed. 
Background
1) In TS 23.272 release 8, clause 7.3 (Mobile Terminating call in Active Mode - PS HO supported), steps 4a and 4b correspond to LA Update or Combined RA/LA Update in the figure 7.3-1, and the related text specifies:
“4a.
The UE establishes the signalling connection as described in step 4b.


If the UE cannot determine the LAI of the new UTRAN/GERAN cell or the LA of the new cell is different from the one stored in the UE, the UE should initiate a Location Area Update or a Combined RA/LA procedure as specified in TS 23.060 [3] for the different Network Modes of Operation (NMO). Further the UE performs any Routing Area Update procedure as specified in TS 23.060 [3].

NOTE 5:

In UTRAN, the UE does not need to wait for the LAI from the RNC, but the RNC also does not delay sending the LAI to the UE as the RAN Mobility Information might be used as a trigger for the UE to initiate NAS procedures.

When the MSC receives an LA Update Request, it shall check for pending terminating CS calls and maintain the CS signalling connection after the Location Area Update procedure for pending terminating CS calls.”

The text makes clear that the UE is expected to initiate a LA Update or a Combined RA/LA Update procedure when it cannot determine the LAI e.g. when the UTRAN takes too long to provide the RAN Mobility Information message. Paging Response is not expected. 

Release 8 text however does not say "shall initiate a Location Area Update…" but "should", which may leave the door open to an alternative even if the step 4a only deals with LA Update procedure. 

2) In TS 23.272 release 9 clause 6.2 (Mobile Originating call in Active Mode - PS HO supported), the text specifies:

“4a.
If the LA of the new cell is different from the one stored in the UE, the UE shall initiate a Location Area Update or a Combined RA/LA Update procedure as follows:

-
if the network is operating in NMO-I (Network Modes of Operation), the UE may initiate a separate Location Area Update before initiating the RAU procedure instead of a Combined RA/LA Update procedure (to speed up the CSFB procedure); or

-
if the network is operating in NMO-II or NMO-III, the UE shall initiate a Location Area Update before initiating the RAU procedure required for PS handover.


When the UE initiates a Location Area Update the UE shall set the "follow-on request" flag in the LAU Request in order to indicate to the MSC not to release the Iu/A connection after the LAU procedure completion. Further the UE performs any Routing Area Update procedure as specified by TS 23.060 [3].


The UE may initiate a Location Area Update procedure immediately when the UE is handed over to the target cell i.e. before the UE receives e.g. LAI or NMO information as part of the RAN Mobility Information.“

Although the step 4a only deals with LA Update procedure, it seems not clear whether the initiation of call setup instead is an error case or not. 
3) In TS 23.272 release 9 clause 7.3 (Mobile Terminating call in Active Mode - PS HO supported), the text specifies:
“4a.
If the LA of the new cell is different from the one stored in the UE, the UE shall initiate a Location Area Update or a Combined RA/LA Update procedure as follows:

-
If the network is operating in NMO-I (Network Modes of Operation), the UE should initiate a separate Location Area Update before initiating the RAU procedure instead of a Combined RA/LA Update procedure (to speed up the CSFB procedure); or

-
if the network is operating in NMO-II or NMO-III the UE shall initiate a Location Area Update procedure before initiating the RAU procedure required for PS handover.


The UE shall set the "CSMT" flag in the LAU Request. The "CSMT" flag is used to avoid missing MT call in roaming retry case. Further the UE performs any Routing Area Update procedure as specified in TS 23.060 [3].


The UE may initiate a Location Area Update procedure immediately when the UE is handed over to the target cell i.e. before the UE receives e.g. LAI or NMO information as part of the RAN Mobility Information.

When the MSC receives a LA Update Request, it shall check for pending terminating CS calls and, if the "CSMT" flag is set, maintain the CS signalling connection after the Location Area Update procedure for pending terminating CS calls.”

Same as for MO call: although the step 4a only deals with LA Update procedure, it seems not clear whether the initiation of call setup instead is an error case or not. 
Discussion on the possibility to introduce other alternatives

At SA2 meeting in Brunstad, some companies proposed to allow the UE to also not initiate LA Update or Combined RA/LA Update first, but initiate CM Service Request (MO call) or Paging Response (MT call) instead.
The rationale for this approach was that it is very likely that the UE will be handed over to a target cell having the same LAI as the LAI the UE is EPS/IMSI attached via MME, and therefore initiating LA Update or Combined RA/LA Update is useless and adds delay in this case.

Delay savings

If we consider MT call, the delay savings are very poor: 

· With LAU Request first, there is an immediate LAU Accept that comes from the MSC; there is no authentication procedure. The MSC asks the UE to remain in connected mode via the CSMT flag, then send the SETUP message immediately after in the already established RRC connection.
· With Paging Response first, the SETUP message is sent as the response;

· So the difference in terms of delay is the LAU Accept message sending in an already established RRC Connection, which is estimated to less than 50 ms.

If we consider MO call, the delay savings are also very poor:
· With LAU Request first, there is an immediate LAU Accept that comes from the MSC; there is no authentication procedure. The UE includes the Follow On Request flag which requests the MSC to remain in connected mode. The UE sends CM Service Request immediately after the reception of LAU Accept in the already established RRC connection.

· With CM Service Request first, the delay savings is LAU local procedure without authentication, which can be estimated to 150-200 ms.
Issues when sending CM Service Request or Paging Response as first message in a cell with different LAI
The problems of not initiating LAU when LAI is changed (but the UE is not aware) are the following ones:

1) The new MSC may reject call. In this case, the call setup delay will be increased by three messages: the rejection message and the LAU Request/Accept messages. 

2) The new MSC may map to a wrong IMSI (UE). The consequences are very bad for two users, which will finally have to re-attach. 
3) If the call goes to a different MSC without the IMSI record, the MSC will request IMEI from the UE.
4) Even though MSC is not changed, the MSC may also reject the call for LAI-based TMSI reallocation.  The MSC may also map to a wrong IMSI (UE). 

5) With the same MSC (not changed) and if the LAI is different from the LAI the UE is attached on, the MSC would delete the original SGs association or have a SGs association for wrong LAI. The subsequent MT calls will be impacted. 
Therefore, if the UE does not initiate LAU procedure first, it slightly improves the call setup delay for MO and MT calls in most cases, but it makes the situations where the LAI is different really worse than with the LAU first. 
Frequency of the case where target cell LAI is different from the registered LAI stored in the UE
First, it will be difficult to align TA borders with LAs in all the cases since the coverage will depend at least on 

· The manual and automatic alignment between TAs and LAs is standardized in stage 2 specs since Rel-9 with some limited text that shows this will not be easy to align TAs and LAs unless the LAs are very large: 
About the MME functions, TS 23.272 specifies: 
"- For CS fallback, generating a TAI list such that the UE has a low chance of "falling back" to a cell in a LA different to the derived LAI (e.g. the TAI list boundary should not cross the LA boundary).

NOTE: Alignment of the TAI list boundary with a LA boundary can prevent the MME from making effective use of the "tracking area list" concept. To compensate for this, appropriate cell reselection hysteresis may need to be used within the E-UTRAN.". 
About E-UTRAN configuration, TS 23.272 specifies: 

"- The configuration of appropriate cell reselection hysteresis at Location Area boundaries (or across the whole E-UTRAN) to reduce Tracking Area Update traffic.

-
To facilitate the configuration of TA boundaries with LA boundaries, the E-UTRAN can gather statistics (from the inbound inter-RAT mobility events of all UEs) of the most common LAs indicated in the RRC signalling.

-
Configuration to permit the operator to choose the target ‘fallback’ RAT and frequency."
Moreover, MME and E-UTRAN configuration is made even more difficult when we consider that the alignment of TAs must be achieved for both 2G LAs and 3G LAs.


[image: image1]
· The fact that BTS sites, NodeB sites and eNodeB sites are located at different places so that the coverage of a LTE cell may correspond only partially to the coverage of a cell in another RAT (especially in dense urban situation); generally there may be three or four cells in the other RAT depending on the position of the UE around the E-UTRAN cell;

· Even if the radio sites are collocated for different RATs, the frequencies used in E-UTRAN, UTRAN and GSM are different and will imply different wave propagation.

The frequency of having the UE camping on a LAI different from the LAI stored in the UE depends on the size of the LAs, but when the situation happens in a specific area, it will occur for all MO and MT calls for all UEs in this area.  
We think that these systematic rejections for all UEs in a specific area (even small) can increase the probability of delayed or dropped calls in unknown proportions, and this is not acceptable.
Proposal

It is proposed to keep the existing behaviour whereby when the UE does not know the cell LAI and decides not to wait for RAN Mobility Information from the RNC, it shall initiate a Location Area Update procedure prior to any other call-related procedure. 

It is believed that the existing TS 23.272 Rel-9 and Rel-10 specifications are clear enough, but if the group does not think so, Alcatel-Lucent would be pleased to provide CRs to clarify this behaviour. 
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