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Mobility from GERAN to CSG
1 Background
At GERAN #37 an LS reply [1] was sent to SA1 informing them that with the proposed solution for inbound CSG mobility a call in GERAN would be disrupted when handed over to a CSG cell. This concern has later led to removing the requirement to support inbound CSG mobility for GERAN from TS 22.011 [2, 3].
As said in the reply LS [1] the concern was that it would lead to disruption of the ongoing service for mobiles in GERAN connected mode to read higher layer information in order to identify a CSG cell. It is true that with a relatively long broadcasting period of MIB and SIB1 the mobiles usually have no opportunity to read system information from a CSG cell without disrupting the ongoing service; but if the broadcasting period is short it will be much easier for mobiles to find an opportunity to read the system information which then could be the search frames or the gaps from the Tx slot to the Rx slot in the next frame. 
Fortunately, the broadcast periods of MIB and SIB1 in E-UTRAN was changed from 40 ms to 10 ms and from 80 ms to 20 ms, respectively [4, 5]. With this change the mobiles will in most cases not disrupt the ongoing service when reading the system information from CSG cells and if disruption is occasionally needed it will not cause any serious degradation to the ongoing service. The probability that a disruption is needed is analyzed in section 2 and simulation results are shown in section 3 for different disruption probability. Thanks to a relatively long searching and HO time between GERAN and CSG cells (thought to be less than 30 s [6]) reading MIB and SIB1 which includes the GCI (Global Cell ID) of the CSG cell could be done quite infrequently. Based on analysis in this paper we believe that inbound mobility to CSG cells is technically feasible.
2 Discussion

It has been agreed in RAN2 [7] to reserve a range of physical layer cell identities for CSG cells so that mobiles can tell whether a cell is a CSG cell or not. In this case, mobiles could choose to read MIB and SIB1 only from CSG cells. 
Reading SIB1 requires three steps:

1) synchronizing a CSG cell

2) reading MIB

3) reading SIB1

The first step can be done since some PCIs are reserved for CSG cells. The broadcast period of MIB is 10 ms and a search frame or a gap from the Rx time slot to the Tx time slot in the next frame can always be found within 6 MIB broadcast periods. Because of a comparatively long time available to search for a CSG cell the exact moment when to read MIB can be delayed so that  reading MIB will not lead to the need to skip any frame and will not disrupt the ongoing service. It is also true that some of the SIB1s could be read without any frames being skipped. 

It is assumed that the switch time from Tx to Rx or from Rx to Tx is 0.4 slots which is believed to be feasible. MIB in a CSG cell is 1 ms long, so reading MIB from a CSG cell needs ~2.5 slots, i.e. 1 ms plus two switch times. There are two kinds of gaps where the MS in dedicated mode can read MIB without skipping any frame, one is from the Rx time slot to the Tx time slot in the next frame and the other is the “search” frame, see Figure 1.
Periods of the two kinds of gaps are shown in green which is “readable period”, and others are shown in red which is “unreadable period”.
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Figure  Readable and unreadable periods for the MS in dedicated mode
For MIB a readable period can always be found, for SIB1 it can be read exactly in the same way, but not every SIB1 can be read without skipping one frame. For SIB1 about 30%-40% of them need to skip one frame 
In order to reduce the degradation to GERAN services we need to restrict the mobiles to not read SIB1 very often, e.g. every 2 s. If for instance the mobile reads SIB1 from each CSG cell every 2 seconds and then fails, it will reread SIB1 from the same cell after 0.5 s. So there are 4 times at most for a mobile to read SIB1 from each CSG cell. Because of the frequent sending of system information it is needed to read the system information at exactly every 500 ms.  In many cases the system information can be read without disrupting the ongoing service at a time which is a little bit earlier or a little bit later and which one to choose is an implementation issue. 
Normally, mobiles need to search several CSG cells for the one with the strongest signal strength, e.g. 10 cells. All these cells are made into a list which is updated every time a new cell with stronger signal strength is found. This new cell is inserted into the list and the one with the weakest signal strength is removed from the list.
Assuming 10 CSG cell’s SIB1 will be read every 20 s, and so a subscribed CSG cell will be detected within 20 s. Once a CSG cell, to which the mobile is subscribed, is detected from the GCI the mobile will send a measurement report to the network with the GCI included and a normal inter-RAT HO procedure can be started. It is therefore expected that CSG cell search and HO can be completed within 30 s for inter-RAT mobility to CSG cells. 
When necessary, the mobile needs to skip one frame in order to read the SIB1 from a CSG cell. This will cause service interruption to ongoing services. In the worst case one frame will be skipped every 0.5 s, i.e. about 1% of the frames will be skipped. This performance degradation is evaluated by link level simulations.

3 Performance degradation in link level
Performance of TCH/FR is evaluated here. Evaluation of TCH/HR is unnecessary because in this case the mobile has a lot of idle frames to read SIB1 and skipping is not used. Performance loss of PDCH/Fs is thought to be similar to TCH/FR so it is not simulated. 
The simulation assumptions are listed in table 1.

Table 1 Simulation assumptions

	Parameter
	Value

	Channel profile
	Typical Urban (TU) 

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	White Noise

	Antenna diversity
	No

	Tx pulse shape
	Lin GMSK pulse

	Rx filter - Bandwidth
	RRC 270 kHz

	Compared Codecs
	TCH/FS


Simulation results are shown in Figure 2. 
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Figure 2 Simulation results AWGN (left) and TU3 (right)

As shown by the simulation results for 1% skipping, no obvious degradation can be observed. So skipping one frame every 0.5 s will not cause performance degradation to ongoing services. 
It should be noted that not every SIB1 message needs a frame to be skipped as discussed in section 2 and not every SIB1 needs 4 frames to read. So the actual performance degradation would be negligible and much less than for the case when skipping 1% of the frames.
Furthermore, this solution could be based on location services and the mobile then only needs to read SIB1 when it is within the coverage area of subscribed CSG cells. 
4 Conclusion

A possible way to support inbound mobility to CSG cells for mobiles in connected mode has been presented and simulation results show that no obvious degradation to the ongoing services can be observed. 
If the mobile can stay in one CSG cell for no less than 20 s, this CSG cell could be found, and if the mobile is permitted to connect to this cell, then the handover can be completed within 30 s after the mobile enters this cell. 
Therefore, the requirement of inbound mobility to CSG cells which was removed according to LS [1] sent from GERAN can be kept. It is proposed to send a LS to SA1 to inform that mobility to CSG cells is now technically feasible. 
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Figure 3 Procedure to support inbound mobility to CSG cells
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