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Cell reselection issues for MS with superior SCH CCI receiver capabilities
1. Introduction

On one hand the MS SCH Co-Channel interference performance should be as good as possible to ensure the MS can operate successfully in scenarios with multiple Co-Channel interference, but on the other hand the MS should always be able to continuously monitor, identify and select the cell with the best BCCH carrier.
This issue was partly recognized during the 3GPP GERAN TIGHTER (Rel. 10) standardization work, were the pragmatic solution to only specify improved SCH sensitivity performance requirements and to exclude tightened SCH interference performance improvements as part of TIGHTER was taken. The latter is reflected in the TIGHTER working assumptions [1]. However, the issue with a MS having superior SCH CCI receiver capabilities is likely to occur for DARP ph. 2 (MS Receive Diversity) compliant MSs which have superior performance in co-channel interference scenarios compared to legacy MSs. Furthermore, the issue is also likely to occur for MSs which utilizes its enhanced CCI receiver capabilities (used for TCH channels) for SCH as e.g. TIGHTER compliant MSs.
This contribution summarizes the background for the issue and proposes a simple solution. In addition, NW simulation results can be found in the annex.
2. Background

A traditional MS receiver would typically need a positive C/I to decode the SCH burst and thus it would at some point abandon RSSI measurements from a particular frequency if the SCH of the cell on that frequency cannot be reliably decoded. If the RSSI on that frequency were in the list of 6 strongest carriers, the MS would attempt to search for and read the SCH again and should find the BSIC of another cell if the signal strength of this new cell exceeded the signal strength of the original cell. This would guarantee that the RSSI reporting would always be “valid”, as the signal level are always being mapped to the strongest cell of each frequency (if SCH can be detected, at a specific low C/I range the MS may not be able to read SCH at all, which would be fine as the measurement results won’t be used then).

Now for MSs having superior SCH CCI receiver capabilities the SCH burst could be decoded successfully even at negative C/I. This would lead to a scenario where the MS would first detect a cell (at positive C/I), but as the MS moves, another BCCH carrier could become equal or even stronger on that same carrier as the one the MS was initially monitoring. Since the MS now can decode the SCH at negative C/I, according to existing 45.008 rules the MS is allowed to keep reporting the RSSI for the original cell even if another stronger cell with a different SCH/BSIC should be reported on that frequency.

As this topic has been discussed off-line during several GERAN meetings the issue have been assessed through NW simulations in order to clarify the likely CCI distribution (see the annex). These NW simulations, derived using normal frequency planning, have confirmed that the identified scenario does occur in real life scenarios i.e. were two BCCH carriers on the same frequency causes the C0 carrier to remain the strongest carrier while the MS moves from the coverage area of the first cell to the coverage area of the second cell. Even if typically another stronger cell on a different frequency appears and is selected before the first cell becomes strongly co-channel interfered, the likelihood of the above scenario is too high to be ignored.  In addition to the simulated scenario of the serving cell carrier, a stronger unidentified co-channel BCCH carrier may appear on any of the carriers in the list of six strongest cells that are monitored for cell reselection and handover purposes. The MS is therefore likely to assume an incorrect cell for a particular frequency already before this carrier becomes the strongest one and thus a cell reselection target. This increases the likelihood of the MS missing the actual strongest cell even further.
Furthermore, the amount of CCI on BCCH is expected to increase in the coming years as some operators already/might reduce the frequency reuse factor in their 2G networks in order to increase their transmission capacity.
3. Proposal

The proposal is to introduce a new requirement for enhanced terminals such as DARP phase II and TIGHTER compliant terminals to search for and read the SCH again if the terminals experiences strong CCI on the current serving cell BCCH carrier, thus facilitating the terminal to find the BSIC of another cell if the signal strength of this new cell exceeded the signal strength of the original cell or the same BCCH. 

The intention is to allow reuse of existing functionality and leave freedom for terminal implementations as much as possible. The proposal is supported by the CR proposal in [2].
4. Annex - Simulation Measures
This section presents the NW configuration and the simulation results.
4.1 Network setup
The applied network simulator grid layout is shown in Figure 1 (homogeneous hexagonal grid, 3-sector sites, 4/12 frequency reuse). The wanted signal is transmitted from BTS 38. A homogeneous hexagonal grid, 3-sector sites, 4/12 reuse were used for the NW configuration.
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Figure 1 Used NW configuration
4.2 Simulation Settings

The applied simulation configuration is listed below:

	Parameter
	Value
	Comment

	Frequency band
	900 MHz
	

	Cell radius
	500 m
	intersite distance: 1 500 m

	BTS antenna pattern
	UMTS 30.03
	65( beamwidth

	BTS antenna gain
	15 dBi
	

	Propagation model
	UMTS 30.03
	only pathloss and slow fading modeled

	BTS antenna height
	5 m
	average height above rooftop

	BCCH layer
	4/12 reuse
	12 freqs, 2.4 MHz

	Max BTS output power
	20 W (~43 dBm)
	

	BTS noise figure
	8 dB
	

	MS noise figure
	10 dB
	

	Shadow fading standard deviation
	8 dB
	

	Lognormal fading correlation distance
	110 m
	

	Intersite lognormal correlation factor
	0 %
	(urban area)


4.3 Simulation Results 
Two different Co-Channel Interference (CCI) Ratio measures have been derived; a) the Carrier-to-total-Co-Channel-Interference ratio measure (labelled “C/co-channel”) which indicate the carrier to CCI ratio when including the interference from all BTSs using the same carrier frequency, and b) the Carrier-to-dominant-Co-Channel-Interference ratio (labelled “C/Idominant”) measure which indicate the carrier to CCI ratio when including only the single strongest co-channel interferer (from a single BTS).

The two CCI Ratio measures are presented in Figure 2 and Figure 3, from which it is seen that the CCI Ratio is 50 dB at the BTS 38 cell origin and then it gradually decreases as moving towards the other cells using the same carrier frequency i.e. toward BTS 5, 11, 44, 71, 65, 32.
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Figure 2 C/co-channel Interference ratio in [dB], with C from BTS 38
[image: image3.wmf]
Figure 3 C/Idominant interference ratio in [dB], with C from BTS 38
As seen in both Figure 2 and Figure 3, a MS served by BTS 38 experiences a carrier to CCI Ratio of +10 to -10 dB in a wide area of the network, when the typical frequency reuse factor of 3 is used. For networks using a tight frequency reuse factor, the scenario will occur even more regularly.
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