3GPP TSG-RAN WG2 Meeting #73bis
R2-112114
Shanghai, P.R. China, 11 - 15 April 2011
Agenda item:

4.1
Source:
Nokia Siemens Networks, Nokia Corporation
Title:
On mobility from UTRAN to E-UTRAN
Document for:

Discussion and Decision

1
Introduction
In RAN2 meeting #73 in Taipei, a contribution [1] proposed to introduce UE reselection from UTRA Cell_FACH state to E-UTRA. The subsequent discussions revealed that in certain cases the UMTS/LTE dual-mode terminals experiencing unfavourable traffic models experience excessive delays before they reselect to LTE.
This contribution tries to analyse further the problematic cases, the root causes, and possible solutions easing the problem.

2
Discussion
2.1
Problem of UE mobility from UMTS to LTE

The main problem scenario appears to be a UE that due to application level traffic (e.g. USB stick connected to a Windows laptop very frequently sending packets in the background) may have trouble finding long enough a data inacitivity period before being moved to Cell_PCH or URA_PCH state or Idle mode and having enough time to reselect from there to the LTE cell. This is especially the case when PS handover from UMTS (Cell_DCH state) to LTE is not deployed and the data inacitivy timers of the network keep the UE in Cell_DCH and/or Cell_FACH state for prolonged period of time before the UE is moved to a Cell_PCH state or Idle mode and is able to start LTE cell detection procedures.
In addition to this, the UE reselection performance to LTE seems to leave some room for improvement.
2.2
UE reselection performance from UMTS Idle/Cell_PCH to LTE
The current RAN4 requirements for reselecting from UMTS Idle mode and Cell_PCH states to LTE are designed with a static case in mind. That is, the UE that is in Idle mode or in a Cell_PCH state would occasionally need to wake up and to go and see if a higher priority LTE cell becames available, and then reselects to it. The frequency, how often the UE would need to check if an LTE cell is available, was a balance between speed and UE power consumption, and the emphasis here, quite understandably was put on UE power consumption. It would be quite unfortunate and even unnecessary for a UE not actively transmitting or receiving any data to have to more or less constantly try and measure LTE frequency for a possible appearance of an LTE cell to reselect to, and drain its battery in the process. Thus the RAN4 requirements were made for an implementation that relatively infrequently checks if an LTE cell to reselect to became available, and if not, goes back to sleep and saves the UE power. 

Given the above the required time for the UE to find an LTE cell in UMTS Idle mode or Cell_PCH state is very relaxed, we are talking of 60 seconds or more – which makes perfect sense when a static case of checking if an LTE cell became available is the target case in mind. However, this raises the problem of not having any tighter requirement for a UE relying on Idle mode or Cell_PCH state mobility to find its way to LTE to do any better when it is moved from DCH/FACH to Idle/Cell_PCH. 
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Figure 1: Two possible implementations for LTE cell search in UMTS Cell_PCH states and Idle mode

Assuming LTE layer with higher priority, after a UE is moved from Cell_DCH or Cell_FACH state to Cell/URA_PCH state or Idle mode, a sensible implementation would first check if an LTE cell to reselect to is available, and only if not, move to infrequently checking the LTE layer for possible emergence of an LTE cell. However, a not-so-sensible UE implementation could just go to sleep, and only after maximum allowed time check if an LTE cell is available. Such a not-so-sensible UE implementation is of course undesirable and can cause long delays for UE to finds its way to an LTE cell.
Proposal 1: Define in RAN2 specificatins, or ask RAN4 to define in their specifications that the UE shall search for the higher priority cells immediately after moved to a Cell_PCH state or Idle mode.

2.3
UE reselection performance from UMTS FACH to LTE

Document [1] in RAN2 #73 proposed to introduce reselection from UMTS Cell_FACH state to LTE idle mode. Technically such a feature would not seem impossible to introduce even though the details are not known yet. However based on analysis made in [1], it appears that the cell search performance in Cell_FACH state is so slow that it may not be very helpful to solve the problem of UEs getting stuck and jumping between FACH and DCH states and not being able to select to LTE cell.
As the feature does not exist in the specifications, we can only speculate of its performance, but one could foresee that the UE would at least need to be able to detect the target cell and measure the quality to be sufficient.
We could consider this step comparable to LTE FDD inter-frequency cell identification, where the target cell detection with gap pattern 0 (6 ms gap every 40 ms) can take 3.84 seconds and with gap pattern 1 (6 ms gap every 80 ms) 7.68 seconds. Extrapolating from this, one could expect the target LTE cell to be identified in 9.216 seconds with the FACH measurement occasion parameters of 10 ms gap every 160 ms, as assumed typical in [1]. The reselection performance in the Cell_PCH states and Idle mode should inherently be much better as when the UE is trying to detect cells on the target LTE frequency it needs to monitor the serving UMTS frequency only during paging occasions and otherwise can ensure sufficiently long contiguous time in the LTE layer to be able to complete the measurements on one go, while the FACH state or DCH state measurements require a presence of measurement gaps.
Even though this assesment of the possible performance of the UE reselection to LTE from Cell_FACH state with FACH measurement occasions cannot be taken as is for what the performance of such a feature would be as significant work would need to be done in 3GPP RAN4 before the real performance would be known, it can be considered to give an idea of what one could expect. The typical FACH inactivity timer values of 2…5 seconds would seem to imply that Cell_FACH state reselection to LTE taking more than a few seconds would be useless.

Observation 1:  Should the feature be introduced, before the UE can make the decision to reselect from UMTS Cell_FACH state to LTE cell with FACH measurement occasions, it would appear to require more than a few seconds of time for the target cell evaluation. 
Proposal2: Before introducing UMTS Cell_FACH state to LTE reselection, it is proposed to study first whether existing gap patterns are good enough to search for an LTE cells quickly or new patterns are needed considering the settings of inactivity timers in the network and application behaviour.

3
Conclusion
Based on the discussion in section 2 of this document, it appears that in absence of PS handover to LTE, the UE Idle mode and Cell_PCH state reselection performance requirements should be defined to encourage ‘sensible’ UE implemenetations. In addition, relatively short Cell_DCH inactivity timer and direct transition to Cell_PCH (bypassing the Cell_FACH state) would seem like a good way to minimise the problems in reselecting to LTE. In addition we observe that introducing reselection to LTE from Cell_FACH state would appear to not help the problem due to relatively long time duration required for the UE to identify the target LTE cell and be able to make the reselection decision. 
Proposal 1: Define in RAN2 specificatins, or ask RAN4 to define in their specifications that the UE shall search for the higher priority cells immediately after moved to a Cell_PCH state or Idle mode.

Observation 1:  Should the feature be introduced, before the UE can make the decision to reselect from UMTS Cell_FACH state to LTE cell with FACH measurement occasions, it would appear to require more than a few seconds of time for the target cell evaluation. 

Proposal2: Based on the observation1, before introducing UMTS Cell_FACH state to LTE reselection, it is proposed to study first whether existing gap patterns are good enough to search for an LTE cells quickly or new patterns are needed considering the settings of inactivity timers in the network and application behaviour.
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