
3GPP TSG-RAN WG2 meeting #75bis





      R2-114908
Zhuhai, China, Oct. 10 – 14, 2011

Source: 
ZTE

Title: 
Evaluation of methods for mobility from UMTS to LTE (U2L) in Cell_FACH state
Agenda item:
10.1.8
Document for:
Discussion and Decision

1. Introduction
After various discussions at RAN2#75 in Athens, it had been agreed to introduce mechanism for mobility from UMTS to LTE (U2L) in Cell_FACH state, and now RAN2 is focusing on three distinguished methods as proposed in [1], [2], [3] for that. 
In this contribution, we name those three methods as “Cell Reselection based method”, “FACH HO based method”, and “Redirection based method” in short respectively, and shall present our evaluations about them. By the way, we would like to point out some critical aspects that must be taken into account, when designing mechanism for U2L mobility in Cell_FACH state.
2. Discussions
Due to the specialties of LTE system, the absolute priority based mechanism is serving as the most effective means so far to enable UE to perform cell reselection from UMTS to LTE, but only applicable in UMTS idle mode or X_PCH states. The target RRC state for UE in LTE is IDLE mode, if no UP/CP data comes during U2L cell reselection.
Theoretically, if UE in Cell_FACH state can also move to idea target LTE cell especially of higher priority whenever RF conditions allow, there will be no “mobility timing wall” between UMTS and LTE systems, which would further optimise the usage of deployed LTE resources for operators. The target RRC state for UE in LTE may be different with the case for idle or X_PCH, as user service continuity/experience has to be maintained. Hence, the method for U2L mobility in Cell_FACH state had better cover the need that UE goes to RRC_CONNECTED mode in LTE as soon as possible, even though there is no UP/CP data coming during or immediately after U2L mobility.

Proposal 1: UE should go to RRC_CONNECTED mode in LTE ASAP after U2L mobility procedure in Cell_FACH state.
Cell_FACH state can provide DTCH/DCCH UL transmissions with PRACH or Common E-DCH resources, while idle or X_PCH states can not. For UEs occupying common E-DCH resources, they are forbidden to perform cell reselection until E-DCH common resources are released, as consequences, it may deteriorate some related performances, such as mobility delay or UL/DL data transmission speed. This effect may become worse when standalone HS-DPCCH is setup or UE has increased UL UP data. In contrast, idle or X_PCH states do not have such issue, hence their corresponding mobility performances can be easily foreseen. The method for U2L mobility in Cell_FACH state had better also pay some attention to its performance aspects, especially in terms of mobility delay and UL/DL data transmission speed, otherwise, if the performance aspects can not be roughly foreseen due to potentially ongoing UP/CP data, then the gain from U2L mobility in Cell_FACH may not be justified, it makes no much difference with the case of performing inter-LTE cell reselection after UE transiting to idle or X_PCH states from Cell_FACH state after some time.
Proposal 2: UE should be able to move to target LTE cell in foreseeable time window, regardless of UE’s potentially ongoing UP/CP data.
For whichever method for U2L mobility in Cell_FACH state, UE additional measurement efforts towards LTE cells impose great challenge to the limited available measurement gaps currently, in addition to legacy measurement efforts towards inter-frequency UMTS cell and GSM cell. To avoid significant amount of work in RAN4 for specifying new measurement performance requirement (Though not excluded yet!), RAN2 tend to make wise use of current available measurement gaps also for measurement of target LTE cells, which doesn’t necessarily lead to degrading legacy measurement performances in Cell_FACH state. I.e. as proposed in [4], UE may schedule its available measurement gaps wisely for different measurement objects based on the quality/strength of current serving cell. It implies such a common characteristic of methods for U2L mobility in Cell_FACH state that it can only occur via special parameters, which may come from system information or dedicated signalling. These special parameters basically determine the scope of U2L mobility in Cell_FACH state. Broadcasting these parameters means unified U2L mobility behaviours for all capable UEs, while dedicated signalling may cater for different U2L mobility behaviours of different UEs. Besides, they also determine from which release the U2L mobility in Cell_FACH can be applied.
Proposal 3: Operators should present their opinions about whether unified or distinguished U2L mobility behaviour in Cell_FACH state for capable UEs is more useful and beneficial. 
With above three proposals, we shall revisit the three distinguished methods for U2L mobility in Cell_FACH state.
2.1
Cell Reselection based method
Cell Reselection based method proposed in [4] is a straightforward method, which extends the usage of available measurement gaps (FACH measurement occasion, DRX off period) for measuring target LTE cells (of higher priority at first stage) without impacting the legacy measurement performances. Such method can provide a more homogenous and unified U2L mobility behavior in Cell_FACH state, and can prove to work well in some practical scenarios. However, there are several demerits about it as below:

· According to [4], when the serving cell’s strength is in the Higher Priority search region, UE shall be triggered to measure target LTE cells. It means that UE has to activate Inter-RAT measurement earlier than before, but such Inter-LTE measurements may not always result in Inter-LTE cell reselection subsequently. Hence, further mechanism might be needed to avoid excessive Inter-LTE measurements, so that UE’s battery life can be protected in Cell_FACH state.
· In order to satisfy operators’ potential requirement that not only LTE cells of higher priority but also equal/lower priority can be reselected to for U2L mobility, UE needs to be directed further how to schedule its measurement gaps in Cell_FACH state for various LTE measurement objects of different priority, which shall lead to additional complexity for next stage.
· We assume UE should be kept in RRC_CONNECTED mode in target LTE cell after cell reselection, in order to maintain user services experiences. However, LTE cell without capability for diverse data application may not always serve UE more economically than UMTS cell. If UE is forced to move to LTE cell urgently not for bad UMTS radio reasons, it’s more questionable whether such U2L mobility is really beneficial. Hence, NW control based mechanism via dedicated signalling seems more superior in this regard, because NW and UE have more opportunity to communicate about the necessity and timing for U2L mobility in Cell_FACH state. 
One additional point worth considering is: if the feature of 2nd DRX for Cell_FACH is introduced and used in parallel, the constraint of limited available measurement gaps may be relaxed a lot, and then cell reselection based method should work equivalently well as the case of X_PCH, so looks more promising.
2.2
FACH HO based method
Due to different traffic patterns on UE side and operators’ police, it may be more beneficial for U2L mobility in Cell_FACH to be UE specific and under NW’s tighter control. E.g., UE A is undergoing certain application in Cell_FACH. With UE A’s indications, NW believes it is more appropriate to keep it in UMTS cell instead of moving it to LTE cell in Cell_FACH, meanwhile UE B is suffering from common E-DCH resource congestions, so NW believes it more appropriate to move UE B to LTE cell as soon as possible.
Mimic to the Inter-LTE handover method for Cell_DCH state, FACH HO based method was proposed in [2]. The biggest demerit of such method is: it leads to more complexity to specification than other methods, such as new “measurement control” mechanism and new NCL managements etc. As for Cell_DCH state, it has been already specified a lot in terms of MC and MR behaviours, it would be more kind of duplicate work for Cell_FACH to do so again. A more practical workaround is: UE is transited to Cell_DCH from Cell_FACH, and then follows the mobility behaviours that have been specified for Cell_DCH. Besides, another disadvantage about FACH HO based method is: it may not be easily applied before Rel-11, which will reduce its usefulness.
It’s worth mentioning that “HANDOVER FROM UTRAN COMMAND” message is invalid in Cell_FACH as specified today, but “CELL CHANGE ORDER FROM UTRAN” message is valid 

The advantages of FACH HO based method are:

· Such method can be applied regardless of the priority of target LTE cells, as the target LTE cells to be measured can be provided by NW per UE.
· UE can save the time spent for “search and find a suitable target LTE cell” with target assistant info from NW, so shorten the duration of U2L mobility as well as service disruption.

· NW has possibilities to trigger U2L mobility to happen more rationally, and excessive Inter-LTE measurements can be saved. I.e. UE may indicate NW to send the candidate LTE cells to be measured in measurement control message, when current serving cell’s quality/strength is relatively lower than the case of cell reselection based method.
2.3 Redirection based method
As another kind of NW control based method, RRC Connection Release procedure with redirection info may be used for U2L mobility in CELL_FACH state. As already pointed out in [3], there are several inefficient aspects regarding current mechanism for redirection from UMTS to LTE in general sense, and they are expected to be enhanced in following directions:

· Time spent to search and find a suitable target LTE cell should be reduced. (More UE capability)
· The old UTRA configuration before redirection had better be kept for backup. (may be redundant sometimes)
· Additional indicators are needed to prevent “ping pong” redirections. (can be avoided via making wiser redirection decision from UMTS to LTE)
Despite of the obvious drawback that NW may disrupt user service continuity as long as 10s, we still believe redirection based method is the most practical one for U2L mobility in Cell_FACH state for following reasons:
· No further measurement performance requirement is needed, moderate complexity is expected and the disruption is bearable most of the time for services suitable in Cell_FACH state.

· UE can go to RRC_CONNECTED mode directly in target LTE cell after redirection procedure. UE is able to move to target LTE cell in foreseeable time window as required. E.g., UE may use legacy MR message to convey the radio environment it experienced and to tell NW its desire and the urgency for U2L mobility in Cell_FACH state. Upon receiving these information, potentially also “UE’s Inter-RAT search capability” (some UE may search and find LTE suitable cells quickly while others may do it slowly), NW may send proper redirection info in RRC Connection Release message, so that NW can anticipate the timing window within which UE shall move to LTE.
· As LTE system is more advantageous than UMTS at providing high speed services, hence it is not necessary for all UEs in Cell_FACH to perform U2L mobility unanimously. I.e. some UEs are more active with CS voices or low data rate PS services so prefer to stay in UMTS layer as long as UMTS radio/load conditions allow, meanwhile, other UEs are more active with IMS or high data rate PS services so prefer to stay in LTE layer as long as LTE radio/load conditions allow. We believe NW may distinguish the treatment of U2L mobility in Cell_FACH state via redirection based method at relatively lower complexity.

As summary, we provide a comparison table for three methods for U2L mobility in Cell_FACH state in figure 1 below:
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Figure 1: comparison for three methods for U2L mobility in Cell_FACH
Proposal 4:  Redirection based method is the most practical method for U2L mobility in Cell_FACH state, and should be taken as the way forward.
3 Conclusions
In this contribution, we evaluated the methods for mobility from UMTS to LTE in Cell_FACH state briefly. RAN2 is kindly asked to discuss following proposals:
Proposal 1: UE should go to RRC_CONNECTED mode in LTE ASAP after U2L mobility procedure in Cell_FACH state.

Proposal 2: UE should be able to move to target LTE cell in foreseeable time window, regardless of UE’s potentially ongoing UP/CP data.
Proposal 3: Operators should present their opinions about whether unified or distinguished U2L mobility behaviour in Cell_FACH state for capable UEs is more useful and beneficial.
Proposal 4:  Redirection based method is the most practical method for U2L mobility in Cell_FACH state, and should be taken as the way forward.
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