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Supporting Inbound Mobility from GERAN to CSG
in Dedicated / Packet Transfer Mode

1 Background

The feasibility of supporting inbound mobility from GERAN to CSG in dedicated mode was discussed in [1]. A solution by skipping some TDMA frames to read the system information from CSG cell was proposed, and the performance loss of TCH was investigated and it turns out to be negligible if the percentage of frames being skipped is kept below of i.e. 0.1%. 

In this paper, the necessity of reading the system information from CSG cells is discussed further, and also the performance losses in both PS and CS domain are investigated by simulation. 

Note: CSG mentioned in this paper refers to E-UTRAN CSG.
2 Discussion

2.1 Reading System Information from CSG Cells
Physical Cell ID (PCI) is randomly selected by the CSG cell, since the number of PCIs reserved for CSG cells is relatively small, it is possible that two or more different CSG cells in the coverage of a GERAN macro cell use the same PCI. In this case, the PCI is not unique and can not be used to identify a CSG cell, and then the Global Cell ID (GCI) is the only choice to identify a CSG cell. 

The MS also needs to check if the CSG cell is accessible by reading the CSG ID from the broadcasted system information block type1 (SIB1) before reporting the measurement results. To support inbound mobility to CSG cells reading system information from a CSG cell is thus unavoidable for mobiles in dedicated or packet transfer mode. 

GCI is contained in SIB1, and the scheduling information of SIB1 is sent in MIB (Master Information Block), so every time the mobile needs to read MIB first and then SIB1 to get GCI. 

2.2 Reporting Accessible CSG cells in GERAN
When handover or cell reselection to a CSG cell is expected, the signal quality of this CSG cell must be good, otherwise mobility to the CSG cell will not be proper. To support inbound mobility to CSG cells, a threshold for CSG cell signal quality for mobiles to start identifying CSG cells before reporting them is needed. For signal qualities below this threshold CSG cells are not required to be reported. The threshold not only guarantees the ongoing service can be well supported in the target CSG cell but also guarantees that the link performance of the system information of the target CSG cell is good enough.
Up to now, no CSG simulation model has been defined in 3GPP, and in Figure 1 some simulation results for the macro cell scenario are made and quoted from [4]. 
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Figure 1 Link Performance for MIB (Left) and SIB1 (Right [1])
Note: M indicates the number of received bursts together used to decode the system information.  

According to Figure 1, at 95% coverage (Es/N0 ~ -5dB) and 1% BLER, MIB needs three bursts to be combined, and SIB1 needs four bursts to be combined to successfully decode the corresponding message. And the simulation is for the scenario where the 1.4MHz bandwidth is deployed. If the 5MHz or higher bandwidth is deployed, much less busts are needed for combining decode. 
If this 95% coverage is used as the reporting threshold of CSG cells, we have the corresponding mobility delay analysis as: 

· At most seven (three for MIB and four for SIB1) TDMA frames need be skipped to identify a CSG cell, see Figure 1; 

· With frame skipping rate of 1%, one frame could be skipped every 0.5s in average, and then at most 3.5s are needed to read the system information from one CSG cell and hence more than eight CSG cells could be identified within the delay requirement defined in [3]. 

See 3GPP TS 36.300-850, Sec. F.3: 

13.
For inbound mobility to CSG cells in active mode, the cell search, CSG identification, and handover process shall be completed in the order of 1 s in case of intra-frequency mobility. In case of inter-frequency mobility, 10-30 s is expected including the autonomous CSG search time.
2.3 Performance Loss Simulation
A simulation was done to investigate the performance loss in PS domain with different frame skipping probabilities. 
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Figure 2 Performance loss with different frame skipping probabilities

According to Figure 2, with 1% of the frames being skipped the performance loss is acceptable for both MCS-2 and MCS-5 at BLER = 10%. 

For a multi-slot assignment, the performance loss is the same, because the number of skipped frames is the same for all slots and the performance loss is same for each slot. 

Another simulation was done in [1] to investigate the performance loss in the CS domain. The performance loss of TCH is negligible because the FER increases by less than 0.1% if the percentage of skipped frames is less than 1%.
The number of frames being skipping is a tradeoff between performance loss and reporting period, and if the reporting period could be longer, the performance loss could be much less. 

Note that, no frame needs to be skipped when the subframe carrying the system information falls into the search frame or when the MS switches between transmit and receive, and also if the threshold could be higher, less frames need to be skipped, so the actual frame skipping rate could be much less than 1% with the same assumption and as a result, a much less performance loss could be achieved with frame skipping rate decreased. 

2.4 An implementation issue

Concerns were raised at GERAN#40 meeting about the change of content of MIB or SIB1, which will cause that different bursts received from different two instances of MIB or SIB1 can not be combined and decoded together. However, compared to the reading period of MIB and SIB1 of 3.5s we believe this will in practice rarely happen. 

3 Conclusion

In order to support inbound mobility to CSG cells, MS in dedicated or packet transfer mode has to read system information from the CSG cell before any measurement report is sent. 

Reading system information from CSG cells can be supported by skipping some frames in GERAN. The performance loss in both CS and PS domain is negligible if less than 1% of the frames are skipped, and meanwhile the delay requirement for autonomous CSG search time [3] can also be met. 

Together with the conclusion in [1], Huawei thinks it is feasible to support inbound mobility to CSG cells by mobiles in GERAN dedicated or packet transfer mode, and the performance loss caused by skipping some frames to read system information from CSG cells is minor. 
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5 Annex

Table 1 Simulation assumptions in figure 1 (left)

	Parameter
	Value

	Frequency band
	2600MHz

	Bandwidth
	1.4 MHz

	IFFT size
	512

	Number of used RB
	6

	Sub-carriers spacing
	15 kHz

	TTI length
	1 ms

	CP
	Normal CP

	Modulation
	QPSK

	Channel model
	TU

	UE velocity
	30 km/h 

	Channel estimation
	RCE (linear interpolation)

	Channel coding
	Tail biting convolutional coding

	Antennas configurations
	1 Tx, 2Rx
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