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1 Introduction

Mobility mechanisms between different RATs are required for smooth interworking and efficient frequency resource utilization Having effective mobility mechanisms from UTRAN to LTE has become more important when LTE networks start to be deployed and the type of traffic [1] is such that current mobility mechanisms are insufficient or inefficient as shown in [2].
This contribution looks at some of the aspects of LTE redirection and proposes improvements to current mechanisms.
2 Discussion
2.1 UTRA to E-UTRA mobility challenges
The following challenges need to be addressed when mobility solutions from UTRA to E-UTRA are discussed:

a) CELL_FACH state is no longer considered a transient state and it is expected that, starting from Release 8, UEs will remain even longer in CELL_FACH state due to the fact that UEs can transmit a reasonable amount of data with relative moderate bit rates in this state.
b) Chatty PC and smartphone applications will generate frequent state transitions between idle mode and connected mode as well as between the different RRC states.
c) An E-UTRA capable UE should preferably be moved back to LTE as soon as possible when entering LTE coverage, or when CS services are completed in UTRAN. Mobility from UTRA to LTE is thus not normally triggered due to bad UTRA coverage, as opposed to mobility from UTRA to GSM. Mobility mechanisms from UTRA to E-UTRA should thus be applicable also for UEs experiencing good conditions and in UTRA when it comes to for example radio coverage and load.
d) UTRA and E-UTRA cells are not always co-located. But even if they are co-located this does not guarantee that the E-UTRA coverage fully overlaps the UTRAN cell area.
Existing inter-RAT mobility mechanisms have been proven insufficient to cope with the challenges mentioned above. Among all the inter-RAT mechanisms currently supported in the standard, only the RRC Connection Release with re-direction may be used in CELL_FACH state. The other mechanisms apply to CELL_DCH/CELL_PCH/URA_PCH state or Idle mode. Furthermore, the existing mechanisms require the UE to stay in the same RRC state for a reasonable long time period in order to perform measurements that a re-direction, reselection or handover decision can be based upon.
This contribution focuses on the current specified RRC Connection with re-direction procedure and aims to pinpoint how this mechanism, with a fairly low implementation effort in UEs, can be improved. 
With the improvements suggested in this contribution the re-direction mechanisms turns into an robust and very fast solution for mobility scenarios from UTRA to E-UTRA, useful also for the situations where E-UTRA coverage can not be guaranteed i.e. these improvements will make the re-direction mechanism more widely usable for a number of mobility scenarios. And, compared to alternative new mobility solutions suggested, the implementation effort is expected to be low.
2.2 Inefficiencies of current Re-direction mechanism
If E-UTRA re-direction information is included in a RRC Connection Release message, the UE shall move to Idle mode and perform the actions described in Subclause 8.5.1 in [6].
 […]

When entering idle mode from connected mode, the UE shall:

1>
clear or set variables upon leaving UTRA RRC connected mode as specified in subclause 13.4;

1>
clear the variable SYSTEM_INFORMATION_CONTAINER;

1>
if the RRC CONNECTION RELEASE message was received and the IE "Redirection info" was present therein:

2>
if the IE "Frequency info" is present, attempt to camp on a suitable cell on the indicated UTRA carrier included in the RRC CONNECTION RELEASE message;

2>
if the IE "GSM target cell info" is present, attempt to camp on a suitable cell of the list of cells for the indicated RAT included in the RRC CONNECTION RELEASE message. If no cells were indicated for that RAT or no suitable cell of the indicated cells for that RAT is found within 10s, attempt to camp on any suitable cell of that RAT; or

2>
if the IE "E-UTRA target info" is present, attempt to camp on any of the frequencies for the indicated RAT included in the RRC CONNECTION RELEASE message, excluding any cell indicated in the list of not allowed cells for that RAT (i.e. the "blacklisted cells per freq list" for E-UTRA), if present. If no suitable cell on the indicated frequencies for that RAT is found within 10s, attempt to camp on any suitable cell on any frequencies of that RAT; or

2>
if no suitable cell is found on the indicated UTRA carrier or RAT camp on any suitable cell.
1>
attempt to select a suitable cell to camp on.

[…]
There are several inefficiencies which need to be studied when re-directing a UE to E-UTRA. 

· “If no suitable cell on the indicated frequencies for that RAT is found within 10s”
The UE is required to search 10 seconds for a suitable cell on the indicated frequencies. During this time the UE behavior is not specified and, hence, it is unclear whether the network can address to that UE during that time. This implies that the UE may not be reachable for up to 10 seconds in case it finds no E-UTRA coverage.
· “…that RAT is found within 10s, attempt to camp on any suitable cell on any frequencies of that RAT…”
If no suitable cell was found, the UE is required to perform a comprehensive search and camp in any suitable E-UTRA cell. This search will take time, and if the UE finds a suitable cell on an E-UTRA frequency not listed in the RRC Connection Release message it will most likely belong to a PLMN where services are not allowed.
· When the UE is re-directed the UTRA configuration is cleared in the UE as well as in the network. This happens regardless if the UE successfully finds a suitable E-UTRA cell or not. There may be situations, for example when there is no E-UTRA coverage, in which the UE is likely to return to a UTRA frequency. Since neither the UE nor the network kept the configuration i.e. no history was preserved, the RRC connection as well as the signaling connection needs to be established in UTRAN again. There is also a risk that UTRAN again re-directs the UE to E-UTRA once the UE has connected to UTRAN.
· In case the E-UTRA radio situation is poor the UE may be still allowed to camp on the E-UTRA cell, just to be redirected back to UTRAN by E-UTRAN eNode-B after a short while. This can happen when the connection quality (RSRQ/RSRP) is below the threshold defined in E-UTRA. Then, E-UTRAN sends ‘Release with redirect to UTRAN’ to the UE. These situations will create “ping-pong” between UTRA and E-UTRA networks.
In the scenario where the UE is redirected to E-UTRA, but it finds no E-UTRA coverage, the above issues leads to long periods of time in which the UE is not reachable, affecting the end-user performance and increasing the signaling load in the networks.

The issues presented above may be mitigated if the network configures the UE to perform dedicated E-UTRA measurements. The E-UTRA measurement report would provide an indication of the E-UTRA cells within coverage. The UTRAN would then wait until reception of a measurement report, reporting good enough E-UTRA coverage, before sending an RRC Connection Release with Redirection message to the UE.
However, we see the following drawbacks with a mobility solution that requires network controlled dedicated E-UTRA measurements prior to the redirection. 

1) E-UTRA measurements in CELL_DCH state require compressed mode. Compressed mode consumes a considerable amount of system resources and reduces the data throughput. 

2) In case of poor WCDMA quality, E-UTRA measurements in CELL_DCH need to be combined with inter-frequency and possibly GSM measurements. As a consequence, the inter-frequency and/or GSM measurement reports would be delayed (and also the IF/GSM handover decision), which could increase the risk of dropping the call.

3) Configuring periodic E-UTRA measurements when the UE is in CELL_DCH increases the signaling load as well as the complexity if other measurements are already configured.
4) A release with redirect from UTRA to E-UTRA should typically be triggered by the network when the user activity is low and the UE might have been moved to either CELL_FACH or URA/CELL_PCH state. However, at this point in time the measurement results reported when the UE was in state CELL_DCH may no longer be accurate and E-UTRA coverage can not be guaranteed. One way to overcome this problem is to keep the UE in state CELL_DCH for a longer time than the user activity requires in order to perform measurements. This would consume system resources that could be used in a better way.

5) Even if dedicated E-UTRA measurements were supported in state CELL_FACH, the UE is only allowed to measure on other frequencies during the FACH measurement occasions or during DRX periods. In a typical network configuration these measurements must also be combined with WCDMA Inter-frequency measurements and/or GSM measurements. Thus it will take quite some time before the UE is able to complete the E-UTRA measurements. Once the UE is able to send a E-UTRA measurement report it might already have be moved to another RRC state (e.g. CELL/URA_PCH). Continuous E-UTRA measurements in state CELL_FACH will also reduce the battery life of the UE.
We can conclude that configuring dedicated E-UTRA measurements is not always a good solution.
2.3 Improvements for LTE re-direction
To overcome the inefficiencies discussed in the previous sections we propose a number of improvements to the Release with redirect mechanism.  
· In case of no E-UTRA coverage, the maximum time to search and find a cell within the set of indicated E-UTRA frequencies can be reduced considerably. This will minimize the time the UE is unreachable.

This topic is discussed in [7] and a way forward is proposed in it. 

· If no suitable cell is found on the E-UTRA frequencies listed in the redirection message the UE does not need to make a complete scan of all E-UTRA frequencies because an operator is likely to be able to configure its preferred E-UTRA frequencies.

This topic is discussed in [7] and a way forward is proposed in it. 

· Return to UTRA with Cell Update after not finding a suitable E-UTRA cell

When UE has searched through the listed E-UTRA carriers, and no suitable E-UTRA cell is found, the UE should preferably return to UTRA, where the communication may continue after only a short interruption. If the network maintains the old connection after the re-direction order was sent it will be possible for the UE to revert back to the old configuration by simply sending a Cell Update message on CCCH (reusing the existing rel-99 mechanisms applied at RL Failure). This will save the whole process of establishing a new connection from idle mode that will generate additional signalling load in the network and further delay the user-data transmission.
Proposal 1 The UE shall only search in the frequencies provided in the IE "E-UTRA Target Info" in the RRC Connection Release message, and return to UTRA if no suitable E-UTRA cell is found. Upon returning to UTRA, the UE shall enter CELL_FACH state and access the network via a Cell Update message reusing the existing RL failure mechanisms introduced already in rel-99.
Proposal 2 A capability bit should be introduced to indicate to the network the capability to return to UTRA after a failed re-direction by sending a cell update. In this way the network will be prepared to handle UEs coming back to the old configuration.
· If a E-UTRA cell is found but the quality is bad the UE would be allowed to camp on E-UTRA. However mobility mechanisms in E-UTRA could trigger release with redirect back to UTRAN in case the quality is too bad. This ping-pong situation can be mitigated by adding an RSRP/RSRQ quality threshold in the redirection order to the UE. So that the UE would only camp on E-UTRA in case the quality is above this threshold.


Proposal 3 A RSRP/RSRQ quality threshold is included in the redirection order. If this threshold is present the UE shall not try to camp on the E-UTRA cell in case the measured RSRP/RSRQ is below the value signalled by UTRAN.
It was identified already in Release 10 that current mechanisms were not appropriate for UTRA to E-UTRA redirection. We think it is important to complement Release 9 and Release 10 with functioning mechanisms for re-direction. 
Proposal 4 RAN2 to discuss to extend the proposals 1 to 3 for earlier releases.
3 Conclusion

An E-UTRA capable UE should be moved to LTE as soon as possible when it not needing the CS services offered in UTRAN. Mobility could take place in any state when the UE uses PS services exclusively, (CELL_DCH, CELL_FACH and URA/CELL_PCH). Since the typical PS service behavior is bursty the periods of UE inactivity is very suited for an attempt to move a UE to E-UTRA. 
With the changes suggested in this paper the rapidness and robustness of the redirection mechanism can be utilized even in scenarios when E-UTRA coverage is not guaranteed. A network controlled redirection attempt can be ordered without previous resource-consuming measurements since, in case there is no E-UTRA coverage, the UE shall return to UTRA within a short time. The UE will continue its services in UTRAN without the need to establish an RRC connection over again and the impact on end user performance is thus minimized. The complete proposal would be possible to implement with a just small effort in the UEs but creates a very useful mobility mechanism.
Based on the discussion in section 2, we kindly ask RAN2 to discuss and agree on the following proposals:
Proposal 1
The UE shall only search in the frequencies provided in the IE "E-UTRA Target Info" in the RRC Connection Release message, and return to UTRA if no suitable E-UTRA cell is found. Upon returning to UTRA, the UE shall enter CELL_FACH state and access the network via a Cell Update message reusing the existing RL failure mechanisms introduced already in rel-99.
Proposal 2
A capability bit should be introduced to indicate to the network the capability to return to UTRA after a failed re-direction by sending a cell update. In this way the network will be prepared to handle UEs coming back to the old configuration.
Proposal 3
A RSRP/RSRQ quality threshold is included in the redirection order. If this threshold is present the UE shall not try to camp on the E-UTRA cell in case the measured RSRP/RSRQ is below the value signalled by UTRAN.
Proposal 4
RAN2 to discuss to extend the proposals 1 to 3 for earlier releases.
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