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1 Introduction

[1]-[2] outlined some of the problems in the specification of the current RRC Connection Release with re-direction. This contribution focuses on some of the open issues which were not concluded.
2 Discussion
2.1 Time to search and find a suitable E-UTRA cell

Current 25.331 specification state that upon an RRC Connection Release with E-UTRA re-direction information present the UE:

---

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
---

The highlighted text has been inherited from GERAN and it has been propagated over the years in the specifications [2]. However, this behavior results in considerable performance degradation when the UE does not find a suitable cell within the signaled frequencies. Such risk is always there, even in case the redirection is preceded by measurements. In case of no E-UTRA coverage, the service interruption will be more than 10 seconds according to the current specifications. This potential service interruption - of more than 10 seconds – will impact smartphones and laptop-like type of traffic and, hence, will be noticeable by the end-user. It will also hit voice call users as during that time the end-user cannot establish or receive voice calls.
1) “If no suitable cell on the indicated frequencies for that RAT is found within 10s”

UTRAN can indicate 1 up to 8 E-UTRA frequencies in the RRC Connection Release message but the time in which the UE has to search in those frequencies (i.e. 10 seconds) is fixed and does not depend on the number of indicated E-UTRA frequencies. In the worse case (8 E-UTRA frequencies signaled), the UE will have 1.25 seconds in average to search in each frequency. It is more reasonable that the search time is proportional to the number of frequencies the UE has to search. If only one E-UTRA frequency is indicated by the network, the time the UE will need to search in that frequency will be much shorter than if it is ordered to search in 8 frequencies. However, according to the current specifications, if the UE does not find a cell in that given frequency, the UE stays searching for 10 seconds (same as if 8 frequencies were signaled).
RAN2 sent an LS to RAN4 [3] asking whether limiting the time to search so that it is dependant on the number of signaled frequencies was a fair assumption. RAN4 replied in [4]:

[…]

· For UTRAN to E-UTRAN redirection, it is feasible for the UE to identify one E-UTRA cell and acquire its system information (assuming only MIB and SIB1 reading) in less than or equal to 1 second per E-UTRA frequency out of the searched E-UTRA frequencies, if there is no failure in acquisition and SI reading.  
[…]

As pointed out by the LS, it is feasible if no failure in the acquisition and SI reading which is deemed to be a failure case in the UE side or, otherwise, the UE may be in a bad coverage area in which case it may not even be desirable for the UE to camp on that E-UTRA cell as the service provided by that E-UTRA cell would be worse than in UTRA (and probably the UE would be re-directed back to UTRA).
Proposal 1 Maximum time to search for a cell within a set (1-8) of E-UTRA frequencies is defined as: (nr of indicated E-UTRA frequencies) x 1 seconds

2) attempt to camp on any suitable cell on any frequencies of that RAT
If no suitable cell has been found on the indicated E-UTRA frequencies, the UE is required to perform a comprehensive search on all E-UTRA frequencies which the UE supports in order to camp on any suitable E-UTRA cell. This comprehensive search will add an additional (and unknown) time where the UE is out of service. In the current specifications there is no requirement on how long the UE may keep on searching on any E-UTRA frequencies. 

There are several reasons why we think the UE should not keep on searching for any suitable cell in E-UTRA if no cell was found on the indicated E-UTRA frequencies:

1) There is no requirement on how long the UE may keep on searching; hence, it is unknown when the UE will be reachable again. A long out-of-service time, for example 15 seconds, will be noticed by an end user.
2) Even if it would be defined how long the UE can keep searching, a comprehensive search on all supported E-UTRA bands will take time which may not be desirable.
3) A full scanning is likely to not bring any positive results. We expect that the network operator has the tools to populate the E-UTRA frequency list with EARFCNs where the UE is able to find a suitable cell for camping.
Given the reasons above, we think that the UE shall only search in the frequencies provided in the IE “E-UTRA target info”.
Proposal 2 UE shall only search in the frequencies provided in the IE "E-UTRA Target Info".
Proposal 3 (Alternatively to Proposal 2) To introduce in the RRC Connection Release a new IE to indicate that the UE shall only search in the frequencies provided in the IE "E-UTRA Target Info".
2.2 Prioritization of E-UTRA frequencies

During RAN2#75bis, it was noted by some companies that the RRC Connection Release with re-direct could also be used for load balancing purposes and performing a complete search could assist to achieve certain load balancing. The underlying problem is that it is not specified in which order the UE selects the frequencies to search. 

For example, if an operator has two E-UTRA frequencies f1 and f2, and the operator wants to prioritize frequency f1, the IE “E-UTRA target info” should only include f1. This way, the UE would search in f1 and in case no cell is found, the UE would search through all supported E-UTRA bands which might lead the UE to find a cell in f2.  This approach, though, does not scale if an operator owns more than two frequencies.

It seems logical, though, that the UE searches the frequencies in order of occurrence in the RRC Connection Release message i.e. the UE first searches in the first signaled frequency and then in the second signaled frequency and so on. This solution will allow the operator to prioritize certain E-UTRA frequencies over other E-UTRA frequencies and the purpose of the desired load balancing is then fulfilled.

Proposal 4 The UE shall search for the E-UTRA cells in the indicated E-UTRA frequencies by order of appearance i.e. first search shall be performed in the first signaled E-UTRA frequency, second search shall be performed in the second signaled E-UTRA frequency, and so on until the last signaled frequency.

2.3 Early implementability
E-UTRA redirection was a functionality introduced already in Release 8. From the network point of view, it is desirable to have a unique behavior among all UEs as the network cannot optimize its performance to adapt to every single UE. Taking this into account and considering the advantages of the proposals outlined above, we think all these proposals should be early implementable at least from Release 9
Proposal 5 Allow early implementability of Proposal 1, Proposal 2 or Proposal 3, and Proposal 4.
2.4 Reject mechanism

RRC Connection Reject specified the same procedures in case “E-UTRA target info” is included. Hence, it may be reasonable to introduce the same enhancements as for the RRC Connection Release with re-direction. 

Proposal 6 Discuss whether the same enhancements are to be applied to RRC Connection Reject procedures in case “E-UTRA target info” is included. 
3 Conclusion

Based on the discussion in section 2, it is kindly requested to RAN2 to discuss and agree on the following proposal:

Proposal 1
Maximum time to search for a cell within a set (1-8) of E-UTRA frequencies is defined as: (nr of indicated E-UTRA frequencies) x 1 seconds
Proposal 2
UE shall only search in the frequencies provided in the IE "E-UTRA Target Info".
Proposal 3
(Alternatively to Proposal 2) To introduce in the RRC Connection Release a new IE to indicate that the UE shall only search in the frequencies provided in the IE "E-UTRA Target Info".
Proposal 4
The UE shall search for the E-UTRA cells in the indicated E-UTRA frequencies by order of appearance i.e. first search shall be performed in the first signaled E-UTRA frequency, second search shall be performed in the second signaled E-UTRA frequency, and so on until the last signaled frequency.
Proposal 5
Allow early implementability of Proposal 1, Proposal 2 or Proposal 3, and Proposal 4.
Proposal 6
Discuss whether the same enhancements are to be applied to RRC Connection Reject procedures in case “E-UTRA target info” is included.
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