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1. Introduction
In past few meetings, the enhanced redirection mechanism from UMTS to LTE (U2L) in Cell_FACH state has been discussed for several rounds, such as in [1],[2],[3],[4] and [5], and it has been agreed that “RAN2 will work also on mechanism contained in (3: enhanced redirection). This will include reporting of measurements from the UE.” In this contribution, we shall provide further considerations on enhanced U2L redirection scheme.
2. Discussions
The enhanced U2L redirection scheme consists of following key issues for further considerations, such as:
1. How should SRNC control UE in Cell_FACH state to make previous LTE measurement, preparing for pending U2L redirection?

2. How should UE make LTE measurement with limited measurement gaps and report some LTE relevant measurement results for SRNC U2L redirection reference?

3. To which extent should UE speed up its LTE searching pace and reduce its maximum allowed searching time within the indicated LTE frequencies from SRNC?

4. In case of U2L redirection failure, how should UE act properly?

Issue 1 and 2 are aiming for better U2L redirection performances, and issue 3 and 4 are aiming for more efficient and robust U2L redirection process.
2.1
LTE measurement and report in Cell_FACH
Some companies have expressed the wish for UE to perform previous LTE measurement and report before SRNC triggers the U2L redirection, as LTE coverage is usually “smaller and more heterogeneous” than UMTS coverage, so blind U2L redirection command may easily lead to inefficient redirection or even often redirection failure. If SRNC can get some “accurate and timely information” about neighbour LTE frequencies or cells, the U2L redirection may become more robust and the “out of service” period for UE can be reduced as well. However, although UE in Cell_FACH state knows about the neighbour LTE frequencies from “E-UTRA frequency and priority info list” via SIB19, it has either no sufficient measurement gaps (FACH measurement occasion or DRX off period) like PCH state or CM gaps like DCH state for LTE relevant measurements. Even though the LTE measurement were made, the LTE measurement results report would cost undesired extra signalling and UL common resource consumption. Hence, it was generally deemed complex and effortful to achieve previous LTE measurement and report in Cell_FACH state.
It is our view that some previous LTE measurement and report are quite necessary, especially when UE is located outside LTE coverage. It could save SRNC a number of unnecessary U2L redirection attempts and save UE unnecessary searching on certain LTE frequencies, so consequently bring less impact to user experiences. To minimise the performance degradation of potentially parallel Inter-freq/GSM measurements, we propose UE use only small percentage of available non-continuous measurement gaps for measuring potential target LTE frequencies (FFS: either from “E-UTRA frequency and priority info list” via SIB19 or dedicated signalling) upon SRNC’s explicit activation. Since UEs from different vendors may have implementation dependant scheduling of measurement gaps and also different LTE searching algorithm and speed, hence it would be good if SRNC can configure a maximum period of Tmeas for previous LTE measurement, so that UE can make wiser measurement scheduling according to Tmeas value. Obviously, the percentage of non-continuous measurement gaps used for previous LTE measurement is related to Tmeas.
Proposal 1: SRNC should activate the previous LTE measurement, and configure maximum period of Tmeas via dedicated signalling for redirection reference.
More aggressively, the additional measurement efforts towards potential target LTE cells may need additional measurement gaps or shorter measurement cycle. For example, if one LTE cell can be measured by UE in one measurement cycle and Tmeas is configured with 480 radio frames, so UE can achieve measurement results of 3 LTE cells with measurement cycle being 160 frames, or 6 LTE cells with measurement cycle being 80 frames, or 12 LTE cells with measurement cycle being 40 frames. The shorter measurement cycle UE is allowed to measure towards potential target LTE cells, the more previous LTE measurement results can be obtained.  
Proposal 2: Additional measurement gaps or shorter measurement cycle can be applied for previous LTE measurement.
Unlike Cell_DCH state, where the LTE measurement and report are both made timely, so SRNC can use it more safely for HO reference; LTE measurement and report in Cell_FACH are far less “accurate and timely”, so the measurement quantity of radio condition per LTE cell basis might not be as useful as in Cell_DCH state. In order to facilitate SRNC configuring wiser content in IE "E-UTRA Target Info" for U2L redirection, we assume it might be more useful for UE to indicate the detected LTE frequencies in descending order according to their related measurement quantities. E.g. either accompanied with Cell Update or dedicated with measurement report, UE just reports three detected LTE frequencies: {F1, F2, F3} to SRNC (perhaps the strongest cell PCIs per LTE frequency are needed as well), meaning that F1 is the best LTE frequency UE once measured in terms of averaged RSRQ/RSRP quantities; F2 ranks secondly; F3 ranks thirdly. With above LTE measurement information for reference, SRNC can know better how to include F1, F2, and F3 in IE "E-UTRA Target Info" for U2L redirection. In case more timely information is required, SRNC may force UE to report upon Tmeas expires. If Cell Update is triggered before Tmeas expires, UE should stop LTE measurements if still ongoing and report available LTE measurement information immediately.
In addition, UE can only camp stably on those target LTE frequencies or cells whose quality are above certain RSRQ/RSRP threshold, hence it is unnecessary to report excessively those LTE frequencies or cells to NW whose measurement results are below the configured threshold.
Proposal 3: UE should only report those detected LTE frequencies whose qualities are above the configured RSRQ/RSRP threshold, in descending order according to their related measurement quantities, so that SRNC have better reference for U2L redirection.
2.2 U2L redirection process
Per current specification, legacy UE does not perform any previous LTE measurement and report ahead, and legacy SRNC indicates the target LTE frequencies with IE "E-UTRA Target Info" for U2L redirection in RRC release message, in case of no suitable LTE cell being found within 10s, UE shall “fly away blindly” out of SRNC’s scope. Obviously there is no tight control of the whole U2L redirection process, so no guarantee for ideal redirection performances. In order to achieve early implementability, some legacy UEs are supposed to enhance their LTE searching capability, so that user experiences can be less suffered during U2L redirection. However, some companies are not interesting at imposing new UE performances for idle mode, and also do not wanna see distinguished UE populations in terms of LTE searching capability. We are of the view that UE vendors should work on enhancing UEs’ LTE searching capability as much as possible, but still enjoys the freedom in terms of UE searching performance in idle mode. In that sense, it might be too harsh to fix the LTE searching time to 1s per LTE frequency, as 1s might be too challenging for some “lazy UEs”. Principally, we are in favour of the configurable searching timer as proposed in [4], so that SRNC can configure good searching time window. (Probably based on UE searching capability)
Proposal 4: Optionally, SRNC can configure maximum allowed LTE searching timer Ts based on UE’s LTE searching capability. If not included, some new value other than 10s can be discussed.
Per current specification, although it is not explicitly specified in which order the UE should search on the indicated LTE target frequencies, we share the view proposed in [2] that the UE should search according to their occurrence order. During currently fixed searching window of 10s, it is neither specified how UE should search among all indicated LTE target frequencies. If SRNC indicates M (M>1) LTE target frequencies with maximum allowed searching time of 10s or Ts, UE may perform two main kinds of searching as follows:
Alt1: UE shall divide the 10s(Ts) evenly among all indicated frequencies and search 10s(Ts)/M per layer; In case UE finishes searching on one layer before 10s(Ts)/M elapses, it may start searching on the other layer or start re-searching on the same layer again till 10s(Ts)/M expires. If UE hasn’t completed searching on one layer when 10s (Ts)/M expires, it shall jump to search on the other LTE layer.
Alt2: UE shall try to search comprehensively on one layer before jumping to the other LTE layer following occurrence order. If UE hasn’t completed searching on all indicated layers when 10s(Ts) expires, it may miss some LTE frequencies and cells undetected. In case UE finishes searching on all layers before 10s(Ts) elapses, it may start re-searching on the 1st indicated layer or any other layers again till 10s(Ts) expires.
Since SRNC does not know UE’s exact LTE searching capability as well as searching algorithms, 10s (Ts) can not always guarantee UE to complete searching on all indicated M LTE target frequencies, i.e., SRNC indicates M=4 LTE target layers and Ts=2s, and “Quick UE” A can complete searching on two LTE layers within Ts=2s, “Slow UE” B can only complete searching on single LTE layer within Ts=2s. For UE A and B, we refer them both as “Lazy UE”, because they can not complete comprehensive searching on all indicated M LTE layers. In above specific case, we assume that Alt1 and Alt2 may lead to different redirection outcomes for UE A and B. It is hard to specify which searching algorithm should be implemented by UE, because Alt1 and Alt2 are beneficial in different places as following cases:
Use case 1: if F1 is operator A’s own LTE layer, but F2 belongs to operation A’s EPLMN B, so SRNC indicates {F1, F2} in "E-UTRA Target Info" and wish UE redirect towards F1 as much as possible. Since the LTE coverage of F1 or its temporary radio condition can’t guarantee successful U2L redirection each time, so SRNC chooses to indicate F2 as backup LTE target frequency. From this perspective, for “lazy UE”, Alt2 may be more beneficial for operator A, as with Alt1 some “lazy UE” may miss detecting suitable LTE cell on F1 if Ts is set to small value.

Use case 2: F1, F2 are both operator A’s own LTE layers, and based on UE’s previous LTE measurement reports, F2 is better LTE layer than F1, but F2 is overloaded, so SRNC decides to prioritize F1 higher, and indicates {F1, F2} in "E-UTRA Target Info", wishing Quick UE redirect towards F1 as much as possible. From this perspective, for “lazy UE”, Alt1 may be more beneficial, as with Alt2 some “lazy UE” may find suitable LTE cell on F1 very slowly, so complete U2L redirection with relatively larger delay, while with Alt1 some “lazy UE” may complete U2L redirection quickly.
That implies for identical UE, its redirection performances are sensitive to M and Ts settings, its LTE searching algorithm may be beneficial in some use case, but not in others. It is our assumption that with current single "E-UTRA Target Info" and single 10s(Ts) setting, SRNC can not control the U2L direction process quite efficiently in front of various UEs of different searching capability and algorithm.

Proposal 5: To study the configuration efficiency with current single "E-UTRA Target Info" and single 10s(Ts) settings for U2L redirection.
Besides more efficient controlling mechanism for U2L redirection, it is worth considering tighter control in case of no suitable LTE cell being found by UE. One possible tighter control means is that UE returns UMTS, probably source cell; the other possible one is that UE can still search on supported LTE layers out of "E-UTRA Target Info". As the current “maxEUTRATargetFreqs” is equal to 8, we are not sure whether "E-UTRA Target Info" can include as many LTE target frequencies as wish from operator’s view. If not, we may extend that value or introduce a new similar IE such as "Additional E-UTRA Target Info". Principally, we tend to disallow UE searching out of "E-UTRA Target Info" or "Additional E-UTRA Target Info" indicated by SRNC, and avoiding UE “fly away blindly”.
Proposal 6: UE should be prohibited from searching LTE layers out of either current "E-UTRA Target Info" or other newly indicated LTE target frequencies.
Some companies are concerned about the hazards brought by UE returning UMTS cell upon U2L redirection failure, despite of the advantage that SRNC can still hold tighter control of UE for proceedings and reduce the time for “out of service” easily. To our understanding, the main demerit is that UE may be deferred by SRNC to enter LTE as quickly as possible, while suffering the penalty of “out of service” due to non-sufficient U2L redirection persistency. For LTE capable UEs, operators normally wish them camp on LTE cell whenever possible, so the mechanism after returning UMTS must be further examined. On the other side, we assume SRNC triggers the U2L redirection only when assuring that there is good LTE coverage nearby based on UE previous LTE measurement reports, so the “U2L redirection ping-pong” can be mitigated to large degree. To cover above concerns, we tend to introduce even more enhanced controlling for U2L redirection and give NW&UE more flexibility. For example, SRNC can partition the target LTE frequencies in "E-UTRA Target Info" into two sets according to some principle such as EPLMN and HPLMN or different priorities, UE shall search on the 1st, 2nd …Nth indicated LTE target frequencies within Ts; if no suitable LTE cell is found by UE when Ts expires, UE shall continue searching on the subsequent (N+1)th…Mth indicated LTE frequencies within an additional timer Tadd. If still no suitable LTE cell is found when Tadd expires, UE can return to any suitable UMTS cell or re-search again on 1st, 2nd …Mth indicated LTE target frequencies until finding suitable LTE cell.
Proposal 7: To consider more efficient and flexible U2L redirection controlling.
3 Conclusions
In this contribution, we presented our considerations about enhanced U2L redirection for UE in Cell_FACH state. RAN2 is kindly asked to discuss following proposals:
Proposal 1: SRNC should activate the previous LTE measurement, and configure maximum period of Tmeas via dedicated signalling for redirection reference.

Proposal 2: Additional measurement gaps or shorter measurement cycle can be applied for previous LTE measurement.
Proposal 3: UE should only report those detected LTE frequencies whose qualities are above the configured RSRQ/RSRP threshold, in descending order according to their related measurement quantities, so that SRNC have better reference for U2L redirection.
Proposal 4: Optionally, SRNC can configure maximum allowed LTE searching timer Ts based on UE’s LTE searching capability. If not included, some new value other than 10s can be discussed.

Proposal 5: To study the configuration efficiency with current single "E-UTRA Target Info" and single 10s(Ts) settings for U2L redirection.
Proposal 6: UE should be prohibited from searching LTE layers out of either current "E-UTRA Target Info" or other newly indicated LTE target frequencies.
Proposal 7: To consider more efficient and flexible U2L redirection controlling.
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