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1. Introduction

As a LTE voice solution, CS Fall Back can enable GSM voice users to “fast return” to LTE after release of voice call. Since LTE generally operates in much higher frequency bands than GSM, in the same area, it’s more difficult to achieve as good coverage as GSM especially in early deployment phase. If CS fallback users, after releasing voice call in GSM network, happen to be located in coverage holes of LTE network (e.g. due to mobility) they may fail to return to LTE.
China Mobile has observed from its large-scale TD-LTE field trial that for the above case, the user will firstly search the indicated LTE frequencies carried by ‘Channel Release’. In case it fails (e.g., due to situated in LTE coverage holes), it starts to search the whole LTE frequency bands which takes about 20sec. If the user still cannot find a suitable LTE cell for camping after this, it then begins to search the GSM cell. The unreachable time during all the searching procedure is so long that it leads to a notable rise in complaints. Table 1 shows for two typical MS implementations, the unreachable time both exceed 30sec.
Table 1.  Searching Time after CSFB of Different MS
	Testing MS
	Time of search the indicated LTE frequencies
	Time of search the whole LTE frequency bands
	Total time from channel release(GSM) to LAU/RAU Accept(GSM)

	MS A
	10s
	25s
	43s

	MS B
	10s
	16s
	35s


2. Analysis
In 3GPP TS 45.008, the MS behavior is defined as follows,
If the CHANNEL RELEASE contains a “cell selection indicator after release of all TCH and SDCCH” and

- the MS cannot find a suitable cell from the indicated ones within 10 s, or

- none of the indicated cells are suitable,

the MS is allowed to camp on any suitable cell.

The specification only defines the searching time of the indicated LTE frequencies. When the timer runs out or if none of the indicated cells are suitable, MS will start to search the whole LTE frequency bands. So in total the LTE searching time may exceed 30sec for some MS implementation (e.g. MS A in table 1) which leads to an even longer unreachable time.
To solve the above problem, the sourcing companies propose to define in the spec the total time of searching LTE frequencies which includes both indicated ones and all others and the total time should not be too long. This is because if the MS cannot find a suitable cell from the indicated LTE frequencies which is configured by operators according to frequency planning, it is rarely possible for it to find a suitable cell from other LTE frequency bands.
Considering that generally searching one LTE frequency takes at most 1 second [1] on MS side and in extreme case one operator will have no more than 4 different LTE frequencies, the time of searching indicated LTE frequencies will not be more than 4sec. Thus 4sec is proposed. 4sec includes the time of searching the indicated LTE frequencies and the ones of all other LTE frequencies, but excludes the time of searching UTRAN frequencies.
In practice, it is shown that after hanging up in GSM, if the unreachable time is more than 15sec, users will complain. If the total searching time of LTE frequencies is defined as 4sec, the unreachable time of two typical MS (shown in Table1) can be expected as in Table 2.
Table 2.  Searching Time after CSFB of Different MS (If 4sec timer is defined)
	Testing MS
	total searching time of LTE frequencies
	Total time from channel release(GSM) to LAU/RAU Accept(GSM)

	MS A
	4s
	12s

	MS B
	4s
	13s


It should be noted that if the following solution agreed in RAN for UTRAN is introduced for GERAN, the unreachable time would still exceed 16 s(N = 4) as shown in Table 3, this makes no much sense for optimization thus would not be acceptable for China Mobile:
If no suitable cell on the indicated frequencies for that RAT is found in less than N seconds (where N is the number of E-UTRA frequencies listed in IE "E-UTRA target info"), attempt to camp on any suitable cell on any frequencies of that RAT in less than 4 seconds;

Table 3.  Searching Time after CSFB of Different MS (If N+4 timer is defined and N = 4)
	Testing MS
	total searching time of LTE frequencies
	Total time from channel release(GSM) to LAU/RAU Accept(GSM)

	MS A
	8s
	16s

	MS B
	8s
	17s


3. Conclusion
1) The total time of searching LTE frequencies which includes both indicated ones and the others should be defined.
2) Searching LTE frequencies including both indicated ones and the others should be no more than 4sec.
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