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Analysis of measurement reporting for CSG / Hybrid cells 

1. Introduction

Currently in 3GPP TSG 45.008 RSRQ for E-UTRAN or Ec/No for UTRAN are the measurement quantities reported with the routing parameters for a CSG cell. This has been considered acceptable since a CSG cell is reported only as long as its signal level is better than the signal level of other cells on its frequency and is above a threshold (THRESHOLD_2). 
This paper discusses whether the current mechanisms are suitable for mobility to CSG cells in all possible scenarios.

2. Current CSG reporting mechanism
The current CSG reporting was standardised to use RSRQ only under the assumption that the RSRP is tested already, namely the CSG cell needs to be the best of that frequency. The assumption has been that it is sufficient that the target is the best but ideally handover is delayed until the target is a bit better than the next best cell of that frequency
.

2.1  Analysis of the measurement quantity for the CSG / hybrid cells 

Whether the currently specified measurement quantity is good enough with respect to CSG cells is best explained considering two scenarios described below:

a) Isolated CSG cell 

b) CSG cell within coverage of other UTRAN/E-UTRAN cells
The scenario of mobility to an isolated CSG cell is the most likely case while the scenario of mobility to a CSG cell within the coverage of a UTRAN/E-UTRAN cell is less likely to occur for GERAN to CSG cells mobility. 
In case of isolated CSG cells, reporting only the RSRQ is not good for the handover decision as the RSRQ is rather independent from the distance to the CSG cell. Considering that an isolated CSG cell is always the strongest on its frequency, the cell would always be reported if detected and RSRP and RSRQ exceeded the relevant thresholds. However this is still not sufficient for handover. Reporting RSRP would ensure that the network would know when this cell is close enough. If RSRQ is the only parameter to be reported this would require that a CSG specific RSRP threshold is set to guarantee sufficient signal level.

The second scenario may be considered a less likely case because most often the MS would be handed over to the UTRAN/E-UTRAN macrocell layer before it reaches the CSG cell coverage (if the MS was switched on under the CSG cell coverage, it should not camp on GERAN at all). Therefore it is not important to optimise this case, reasonable performance would be sufficient.

As for hybrid cells, they are likely to be CSG cells with continuous coverage. Hybrid cells whose CSG-ID belongs to the terminal’s CSG Whitelist are handled as CSG cells. The current definitions were based on the assumption that “the cell needs to be the strongest of the frequency before it is reported”. Ideally the handover should be postponed until there is hysteresis allowing the terminal to move away from the target CSG cell such that this cell remains the strongest of that frequency. But this is a rare case and early handover hysteresis is being extended to the macro cell coverage. Note that RSRP threshold cannot control handover hysteresis due to the fact that the “equal point” is not a fixed signal level. 

3. Analysis of the CSG reporting thresholds

In a typical GERAN to CSG inbound mobility good control is needed for the CSG cell coverage (i.e. at which distance to handover to that CSG cell). RSRQ reporting is not suitable for range control and the “best RSRP of the frequency” rule does not work in this particular case. This can be achieved only by a good RSRP threshold. This threshold is however not always available (see Table 1). The problem arises when the CSG-specific reporting thresholds are not signalled or when the macro parameters are missing the THRESHOLD_2.
In this section an analysis applicable to E-UTRAN FDD is provided; the same analysis applies for UTRAN FDD with the only difference being the name of the parameters used. The scenario analysed is the case where the CSG reporting thresholds are not provided and what default values for the thresholds the mobile will use according to the current rules. There are two cases analysed:

· Case 1: E-UTRAN_REP_QUANT = 0 (RSRP reported)

· Case 2: E-UTRAN_REP_QUANT = 1 (RSRQ reported)
In case of UTRAN TDD, because Ec/No is not measured for TDD, only the RSCP can be reported.
Case 1: E-UTRAN_REP_QUANT = 0 (RSRP reported)

For macro cells, the following thresholds are used:

RSRP:
E-UTRAN_FDD_REPORTING_THRESHOLD, 3 bits (0-7)

RSRQ:
E-UTRAN_FDD_REPORTING_THRESHOLD_2, 6 bits (0-63)  –  if provided

In this case depending on whether a E-UTRAN_FDD_REPORTING_THRESHOLD_2 is provided or not two scenarios are possible:

Scenario 1a) E-UTRAN_FDD_REPORTING_THRESHOLD_2 provided

For CSG cells, the mobile will use E-UTRAN_FDD_REPORTING_THRESHOLD_2 (6 bits) as the default value of the threshold for the reported value (RSRQ). For the non-reported value (RSRP), E-UTRAN_FDD_REPORTING_THRESHOLD will apply (3 bits) if provided, otherwise default “report always”
. 
Scenario 1b) E-UTRAN_FDD_REPORTING_THRESHOLD_2 not provided

In this case there is a problem for the reported value (RSRQ), for which a default value of the threshold will not exist. For the non-reported value (RSRP), E-UTRAN_FDD_REPORTING_THRESHOLD will apply (3 bits), if provided.

Note that, in both scenarios, the coarse granularity of the RSRP threshold will mean poor CSG coverage control.

Case 2: E-UTRAN_REP_QUANT = 1 (RSRQ reported)

For macro cells, the following thresholds are used:

RSRQ:
E-UTRAN_FDD_REPORTING_THRESHOLD, 3 bits (0-7) – if provided 
RSRP:
E-UTRAN_FDD_REPORTING_THRESHOLD_2, 6 bits (0-63)  –  if provided

In this case depending on whether a E-UTRAN_FDD_REPORTING_THRESHOLD_2 is provided or not two scenarios are possible:

Case 2a) E-UTRAN_FDD_REPORTING_THRESHOLD_2 provided

For CSG cells, the mobile will use E-UTRAN_FDD_REPORTING_THRESHOLD (3 bits) as the default value of the threshold for the reported value (RSRQ); for the non-reported value (RSRP), E-UTRAN_FDD_REPORTING_THRESHOLD_2 will apply (6 bits) or the fixed default value.

Case 2b) E-UTRAN_FDD_REPORTING_THRESHOLD_2 not provided

For CSG cells, the mobile will use E-UTRAN_FDD_REPORTING_THRESHOLD (3 bits) as the default value of the threshold for the reported value (RSRQ); for the non-reported value (RSRP), the check is disabled.

The number of bits used (hence the granularity) for the defaults thresholds in the different cases are summarised in Table 1 below

Table 1: Number of bits used for the default thresholds in the different cases
	
	RSCP/RSRQ reported for the macrocell
	Ec/No/RSRQ reported for the macrocell

	XXX_THRESHOLD_2 provided for macrocells
	RSCP/RSRP: 3 bits

Ec/No/RSRQ: 6 bits
	RSCP/RSRP: 6 bits

Ec/No/RSRQ: 3 bits

	XXX_THRESHOLD_2 not provided for macrocells
	RSCP/RSRP: 3 bits

Ec/No/RSRQ: not available (**)
	RSCP/RSRP: disabled (*)

Ec/No/RSRQ: 3 bits


(*) check not carried out, report if it is the best cell on the frequency

(**) check is disabled (use only the criterion on RSCP/RSRP)
Note that cases with low (3 bit) granularity for RSRP provide poor CSG cell coverage control and cases with “RSRP threshold disabled” are not acceptable for isolated CSG cells.
4. Conclusion 
In this paper a number of problems with the current CSG measurement reporting mechanism have been identified, namely: 
· missing CSG cells default value when no corresponding macro parameter is provided for the threshold;
· low RSRP granularity causes CSG cell range control issues;

· non-existence of the RSRP threshold results in (undesirable) CSG reporting whenever a CSG cell is detected.
Because of these issues, the current mechanisms may not perform well in all interworking scenarios. 
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� For interworking, an “equal to others” cell could be sufficient but this case comes from the scenario where the other E-UTRAN cell is not allowed for GERAN to CSG mobility. In this case handover should be timed equally to the intra-RAT case.


�  “report always” is not a good option for CSG cells and shoud be avoided.
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