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1
Introduction
Working Groups within TSG-RAN have been working on CSFB improvements that appear to have the potential to reduce call set up delay by the order of [400] ms.

Given that each extra message (pair) on the GSM radio interface takes 235ms, it seems interesting to ensure that Location Updating only happens when really necessary.
This document looks at ways of minimising unnecessary Location Updates.

This document also investigates mechanisms for improving NACC/release with re-direction to GERAN.
If companies have interest in these techniques, then work in the relevant Working Groups can be progressed in San Francisco and with TSG GERAN for release 9.
2
Background: When is Location Updating performed?
TS 23.272 does not cover the detailed description of when a mobile shall perform a Location Update during CSFB, instead, this is specified in CT1’s TS 24.008 and is copied and shown in yellow highlights below.
From v9.1.0 for Mobile Originated calls: 

4.5.1.1
MM connection establishment initiated by the mobile station

…..
d)
When the MS is IMSI attached for CS services via EMM combined procedures, as described in 3GPP TS 24.301 [120], and the MS is camping on an E-UTRAN cell, the MM sublayer requests EMM to initiate a service request procedure for CS fallback. The MM connection establishment is delayed until the MS changes to a GERAN or UTRAN cell.

If the MS enters a GERAN or UTRAN cell, then the MS shall initiate the MM connection establishment and send a CM SERVICE REQUEST message. If the MS determines that it is in a different location area than the stored location area, the MS shall first initiate a normal location updating procedure or a combined routing area update procedure, depending on Network Mode of Operation. The MM connection establishment is delayed until successful completion of the normal location updating or combined routing area update procedure. In A/Gb mode, if the MS is a non DTM MS, or a DTM MS in a cell not supporting DTM, the MS may perform location area updating procedure instead of combined routing area update procedure in NMO I.
… end of copied text …
And, for Mobile Terminating calls:
4.5.1.3.4
Paging response for CS fallback
The network may initiate the paging procedure for CS services when the MS is IMSI attached for CS services via EMM combined procedures, as described in 3GPP TS 24.301 [120].
At reception of an indication of paging for CS services from EMM, the MM sublayer in the MS requests EMM to perform the service request procedure for CS fallback.

After the MS changes to a GERAN or UTRAN cell, the MS shall:

-
In A/Gb mode: ask for the establishment of an RR connection and proceed as if a paging has been received in the lower layers;

-
In Iu mode: ask for the establishment of an RRC connection and respond with the PAGING RESPONSE message defined in 3GPP TS 44.018 [84], subclause 9.1.25. For reasons of backward compatibility the paging response shall use the RR protocol discriminator.

If the MS determines, before sending the response to paging, that it is in a different location area than the stored location area, the MS shall initiate a normal location updating procedure or a combined routing area update procedure first, depending on Network Mode of Operation. The MM connection establishment is delayed until successful completion of the normal location updating or combined routing area update procedure. In A/Gb mode, if the MS is a non DTM MS, or a DTM MS in a cell not supporting DTM, the MS may perform location area updating procedure instead of combined routing area update procedure in NMO I.

… end of copied text …

TS 24.008 does not specify the cases when “the mobile determines that it is in a different LA”, but these can be determining by analysing the different CS Fall Back cases:
a, b)
RRC Connection Release or Network Assisted Cell Change to GERAN.
In these cases, the mobile moves through Idle state and needs to read/obtain sufficient Broadcast Information to permit it to access the cell correctly. For GERAN, (see TS 44.018) this requires that at least System Information Type 3 is read as SI 3 describes (in the CCCH-CONF field of the Control Channel Description IE) the configuration (within the 51 frame multiframe) of the random access channel. SI 3 also carries the LAI, and hence the mobile “will” know whether the LA is the same or not.

In these cases, the mobile knows whether or not it is in the registered LA.
c) RRC Connection Release to UTRAN
Section 8.1.1.6.1 of TS 25.331 states:

“The UE shall also:
……..
1>
if in idle mode:

2> forward the content of the IE "CN common GSM-MAP NAS system information" to upper layers.”

And section 10.3.1.9 of TS 25.331 leads to section 10.5.1.12.1 of TS 24.008 which shows that this information contains the Location Area Code.

In this case, the mobile knows whether or not it is in the registered LA.


d) PS Handover to GERAN

The RA update procedure is a mandatory part of the E-UTRAN to GERAN PS Handover procedure. In order to perform the RA update, the UE needs to know the GERAN’s Network Mode of Operation. Neither the NMO nor the RAI/LAI seem to be sent within the NAS information sent in the handover command.

NMO is sent within the GPRS Cell Options in SI 13. The RAC (but not LAI) is also sent within SI 13.

However, 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.

      Note: only the BCCH is considered because TSG-GERAN is removing (or has removed) support 
                for the PBCCH.

In this case, the mobile knows whether or not it is in the registered LA.

Editor’s note: the author might have forgotten how system information is provided to a mobile in Packet Transfer Mode, so, this PS Handover analysis might not be totally correct.

e) PS handover to UTRAN
Following PS Handover to UTRAN, the UTRAN supplies the UE with NAS information in the RAN Mobility Information Message. However, it is not specified how quickly this needs to be sent to the UE.

In this case, the mobile might not know whether or not it is in the registered LA.
3
How much delay does a Location Update add?

So, in at least 4 out of 5 of the above call cases, the mobile knows whether it is in a different LA. Then, according to TS 24.008, if the mobile is in a new LA, the mobile SHALL perform an LA Update before the MO or MT call is setup.
Performing an LA Update adds delay to the Call Setup. While theoretically the LA update could just add one message (LA Update Accept) to an MT call, and, just one message pair (LA Update Request and Accept) to an MO call, in real life it is likely to add more delay. The root cause of the extra delay is that the MSC will not distinguish between a mobile performing a CSFB related LA update and a normal movement based LA update. 
Hence the MSC would normally Authenticate “1 in X” LA updates, IMEI Check (retrieve IMEI from UE and Check with EIR) “1 in Y” LA updates, and probably perform TMSI re-allocation for all LA updates. In addition, LA updating is not normally a speed critical activity so MSCs might not have optimised all procedures (e.g. the TMSI reallocation might not be combined with the LA Update Accept). 

In inter-MSC situations, signalling between the MSC and HLR will also occur.

Overall, on GSM, a Location Update is likely to add:

a minimum of two message pairs to a MO CSFB Call Setup (= 470ms delay); and

one or two message pairs to a MT CSFB Call Setup.

However, dependent upon the MSC’s configuration, three or four message pairs could be added.
Note that operators will not want to re-configure MSC settings that apply to ordinary 2G/3G mobiles so that they are optimised for a small number of LTE mobiles performing CSFB.

Overall, avoiding unnecessary Location Updates seems important for CSFB performance.

4
Problems and Suggested CSFB Improvements
Four different, broadly independent concepts are discussed in the next sub-sections.
4.1
Alignment of LA boundaries with TAI LIST boundaries is not supported
4.1.1
Problem

Early on in the design of SAE, SA2 adopted the concept of “soft registration area boundaries” (in contrast to the ‘hard’ 2G and 3G LA/RA boundaries). Thus when a mobile performs a TA update, the MME allocates a “TAI list” that contains a set of TAIs which minimises the chance of the mobile moving out of that set of TAs. To facilitate the list creation, the mobile signals the last visited TAI to the MME, and a simple MME implementation is to allocate a TAI list equal to the “new TAI plus the last visited TAI”.

The TAI list concept was accepted by other WGs in CT and RAN. 

As a consequence, and in order to minimise the amount of information broadcast by each cell, it seems that RAN 2 did NOT add a GSM style “location area reselection hysteresis” parameter into TS 36.331. This works well, provided that the MME DOES use TAI lists.
CT 1 have TAI lists well specified in TS 24.301.

When CSFB was designed (TS 23.272) and details added to TS 24.301, an assumption was made that the network would be configured such that TA and LA boundaries are in as close alignment as possible.

However, given the RAN design (of no TA border hysteresis) and the consequential need for the use of TAI lists in the MME, what is needed is that “the boundaries of ALL TAI LISTS are aligned with LA boundaries” – and this is just NOT possible to achieve.

As a consequence:

· if LA and TA boundaries are aligned, there will be some TA boundaries for all mobiles (e.g data only, IMS and CSFB) with 0 dB hysteresis. These will lead to very frequent TA updates and hence to higher network load, lost terminating calls/sessions and increased UE battery drain; or

· TAI lists are constructed that span LA boundaries – potentially leading to 50% of CSFB calls being initiated in the non-registered LA.

4.1.2
Potential Solution 1
The RAN 2 specifications do permit cells to broadcast “per-cell pair” hysteresis values (Q-hyst) which could be used on the cells that are on LA boundaries. However:

- this increases the amount of broadcast information;
- the hysteresis would apply to data-only and IMS mobiles as well as to CSFB mobiles;
- it requires cell-specific configuration (which operators prefer NOT to do) and more advanced O+M tools; 
  and
- when LA boundaries are moved, or NEW LTE cells added, these cell-pair specific parameters would need
  modification.
In summary this is not a nice solution!
4.1.3
Potential Solution 2

Allocate CSFB mobiles
 a TAI list with just one TAI
, and get CSFB mobiles to apply a “CSFB specific” hysteresis at the TAI list boundary. 

By doing this, it is possible for the operator to (roughly) align the TA/TA list boundary with the LA boundary.

The “cell reselection” part of the mobile normally uses parameters received in layer 3 messages. Supplying one extra parameter in a layer 3 message should not overly complicate the mobile. 
An assumption here (which is believed to be true, but is worthwhile for UE vendors to check) is that the mobile knows the TAI of the target cell before completing the cell reselection process.

The “CSFB  specific” hysteresis could be “fixed by standards” or signalled by RRC or NAS signalling. While it may feel ‘natural’ to signal this parameter using RRC signalling, the use of NAS signalling is preferred because:

a) NAS is the layer that knows whether the mobile will use CSFB or not, and also only NAS
                           knows the nature of the TAI list;


b) the use of RRC signalling would require modifications to both the MME and the eNB


c) ‘pragmatic’, fast to market solutions are more suited to the enhancement of an interim 
                            technology such as CSFB

d) the use of NAS signalling would avoid impact on RRC’s ASN.1 freezing (as the only RAN 
                           specification that would need change would be 36.304)

4.1.4
Proposal for how to permit TA and LA boundary alignment
It is proposed that:

a)
SA2 agree that this is a problem that should be investigated and solved in release 9;

b)
that SA2 liaise with RAN 2 and CT 1 to request that solutions are investigated and CRs for
                       candidate solutions are brought to working group meetings in San Francisco.

c)
joint WG activities in San Francisco are used to decide upon the preferred solution, and that 
                      CRs are agreed for the March TSG plenaries

4.2
How to detect the “correct” LAI for an LTE cell?

4.2.1 
Problem and potential solutions

Currently, it is frequently stated that operators will need to devote significant effort in order to know which LAI should be associated with each E-UTRAN cell.
However, it seems possible to use the mobile to assist in this process.

When the mobile performs a (non-periodic?) Tracking Area Update, RRC signalling carries the old-GUMMEI from the mobile to the eNodeB. In the case of mobility from 2G/3G (and ISR not active?), the old-GUMMEI contains the last registered Routeing Area ID. 

RAIs are easily distinguishable from TAIs. Hence the eNB could maintain counters for the [10] most frequently received LAIs (the LAI is a subset of the RAI), and, supply these to an O+M centre. The O+M centre can then update the tables of “E-UTRAN Cell ID to LAI” that are stored in the MME. 

In order to cope with anomalies, e.g at major airports, the eNB should be able to be configured to ignore (or count) LAIs from (a) different countries and (b) different PLMNs of the same country.

One potential extension to this mechanism is that the eNodeB signals the ‘most popular LAI for that cell’ to the MME when the mobile accesses the cell (i.e. an additional S1-AP parameter is added to the S1-AP Initial UE message). The MME could then use this information in the Attach procedure and possibly the TAU procedure to improve the “accuracy” of the LAI allocation.
4.2.2
Proposals on detecting the correct LAI

It is proposed that:

a)
SA2 discuss this proposal and agree that the eNB can help determine the “most likely local
                       LAI”;
b)
SA2 liaise with SA5 requesting them to provide the relevant O+M specification changes; and

c)
SA2 liaise with RAN 3 requesting them to add the above suggested new parameter into 
                       S1-AP, and that RAN 3 and SA 2 should update their Rel 9 specifications accordingly.

4.3
How to avoid an LAU during PS handover

4.3.1 
Problem and potential solution

As indicated in bullet (e) in section 2, above, whether or not the mobile can determine an LA change during PS handover depends upon when the new Serving RNC sends the UE the NAS information in the RAN Mobility Information Message. 

One suggestion to control this is that, when initiating a CSFB PS handover, the eNB requests the target RNC to delay sending the RAN Mobility Information message for [X] seconds after the handover is completed. The value of X can be standardised at a value that is normally sufficient to ensure that the mobile has started the CS domain call setup.

4.3.2
Proposals on avoiding LAU during PS handover

It is proposed that:

a)
SA2 discuss and agree that this enhancement would be useful; and

b)
SA2 liaise with RAN 2 and RAN 3 in order that Release 9 CRs can be agreed.

4.4
Improvements to NACC/Release with Redirection to 2G

4.4.1
Delay issue with current “release with redirection” mechanism
When CSFB to GERAN is used with “Release with redirection”, the UE needs to read significant amounts of the GERAN Broadcast Control CHannel before accessing the cell, e.g:
- SI 3 is needed to determine the Random Access Channel configuration (and either SI 3 or SI 4 is needed to determine whether the cell is “suitable”);

- the current TS 24.008 text for a DTM mobile requires it to read SI 13 to determine the Network Mode of Operation (see green highlights in section 3)
- SI 1 is needed (or its absence verified) before access so that the mobile can process an Immediate Assignment command to a frequency hopping channel.

Information in other SI messages does not seem to be essential for fast CS domain access. Given that some networks implement GSM Call Re-establishment following a Radio Link failure, it can be hoped that GSM mobiles have well optimised procedures for accessing GSM cells with a non-full set of BCCH information.
A crude mobile implementation however would read the “full BCCH” taking eight 51 frame multiframes ( = 1880 ms) while a more-sophisticated non-DTM mobile would only need SI 3 and SI 1 (probably incurring a uniform random delay of about 2 to 8 multiframes, e.g. an average of about 1185ms
).
The time taken in acquiring the GERAN System Information is a significant contribution to the CSFB delay.

4.4.2
Delay issue with Network Assisted Cell Change
With Network Assisted Cell Change, the E-UTRAN provides the mobile with (typically) all of the System Information messages used by the target GSM cell. This avoids the delay incurred by the mobile having to read the BCCH. However:
· the mobile needs to identify the strongest GERAN cell and report its identity (BSIC+ARFCN) to the eNB. This takes time, e.g. requiring signal strength measurements to be averaged for 1000 ms;

· the eNB needs to be configured with specific information about multiple GSM cells. This is likely to be problematic for O+M systems (especially near LTE launch).
4.4.3
Problem Summary
It appears that delay is either incurred before the fall back or after the fall back! It seems interesting to see if the good parts of the two approaches can be combined.

4.4.4
Network Assisted RAT change for Synthesiser Hopped GSM Cell layer

Combining these two approaches implies that the eNB sends all the GSM System Information in the Release with Redirection procedure before the mobile has identified the target cell.
This requires that the System Information that the mobile needs for CS domain access is common to “all of the GSM cells”. 

While some GSM CS domain System Information IS cell specific, the desire to reduce operational complexity means that as much as possible is made common across the BSC/BSC vendor/network. (Note: NACC was designed for the PS domain, where cell specific configuration is more likely).
System Information that is not common across all cells:

· neighbour cell lists in SI 2/2-bis etc. This information is not really needed prior to call set up. It is re-sent on the dedicated connection in SI 5/5bis;

· Cell ID. This information is generally not used in the CS domain;

· Frequency hopping set in SI 1. This information is essential for the decoding of an Immediate Assignment message commanding the use of a Frequency Hopping channel. However the use of Synthesiser Hopping within a “macro cell layer” may mean that all macro cells in an area have the same SI 1 message (i.e. it excludes all the BCCH carriers but all cells use the same set of non-BCCH carriers)
So (although TSG-GERAN needs to be asked to analyse further) it may be possible to extend the “release with redirection” command to send the mobile to a “set of ARFCNs” (e.g. the underlying 900 MHz macro cell layer) and supply the mobile with sufficient system information (e.g. Common SI 1 frequency set; LAI
; Control Channel Configuration; NMO; etc) to permit it to make an immediate access.
If this is possible, it would speed up CSFB to GSM, AND, would greatly reduce the NACC related configuration effort for E-UTRAN.

4.4.5
 Release with redirection and NMO of target RAT 

For a DTM capable mobile, the current TS 24.008 requires that the mobile checks the NMO before accessing the GSM network in a new Location Area.
A quick (but possible erroneous) estimation shows that the need to receive the NMO in SI 13 seems to add an average of about 300 ms to the BCCH reading time IF the mobile is in a new LA.

Given that the NMO has to be common across a Routeing Area, and that it is typically common across the whole network, then it seems easy to add the GERAN NMO to the GERAN Release with Redirection command (the LAI(s) to which the NMO applies could also be included if felt necessary).


Note: if beneficial, a similar change could be made to the UTRAN release with redirection.

4.4.6
Proposals for NACC/Redirection improvements
It is proposed that:

a)
SA 2 discuss the above suggestions; and

b)
SA 2 liaise with TSG GERAN as to the benefits and practicalities of the above approaches;          
                        and

c) 
if GERAN do not find insurmountable problems, SA2 work with RAN 2 and GERAN to produce
                       release 9 CRs for these enhancements. 

5
Summary
It is suggested that the proposals in sections 4.1.4, 4.2.2, 4.3.2 and 4.4.6, above are discussed and agreed.
�i.e. mobiles that attempt combined EPS/IMSI attach/TAU withOUT the "SMS-only" indication


�Or a list of TAIs that does not overlap the LA boundary. 


�Assuming that SI13 is sent in on the BCCH and SI 1 is only sent once every 8 multiframes.


�, or at least an LAI that the mobile can assume is valid. In case of a mis-match, the MSC can always reject the call and request the mobile to perform an LAU followed by the call.
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