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1 Introduction
At RAN2#72 meeting, the following agreements have been reached on the RRM/RLM/CSI measurement resource restriction patterns:
Pattern1:
1)  Will signal one pattern to the UE for RLM/RRM measurements on the serving
Pattern(s)2:
2) Will have at least one pattern to the UE for neighbouring cell RRM measurements
3)   FFS whether a PCI range linked to this one pattern; details of PCI signalling
Pattern(s)3:
4)  Will have separate signalling for patterns relevant for CQI
An email discussion on eICIC was started after this meeting to discuss the need of inter-frequency measurement and signalling details for “pattern 2” [1]. This contribution mainly discusses the above issues to give a more detailed explanation on our comments expressed in the email discussion. 
2 Discussion
As expressed during the email discussion, we have concerns about the RSRQ accuracy for inter-frequency measurement in eICIC, which may impact several aspects in RAN2, e.g. appropriate measurement restriction pattern and related signalling. Considering that it was proposed as the wayforward that the RSRQ accuracy issue would wait for RAN4’s evaluation, in the following section the pattern2 and pattern1 details for inter-frequency measurements will be analyzed respectively based on whether RSRQ accuracy has problem or not.
2.1 If RSRQ accuracy has problem
(1) Pattern 2 details for inter-frequency measurement
We will discuss the necessary measurement resource restrictions for inter-frequency in macro-pico and macro-femto cases.
a) Macro-pico case

In this case, a MUE or PUE may be configured to perform inter-frequency measurement of a neighbour macro cell using the measured cell’s non-ABS. This is because measuring the macro cells with no restriction may result in inaccurate RSRQ measurement as expressed during the email discussion. Measuring only the “non-ABS” of macro cells is better, since the measurement reflects the quality of the time-periods where the UEs are schedulable. Unlike the intra-frequency case, RSRQ measurements of neighbour cells are useful for inter-frequency handover. 
On the other hand, a MUE or PUE may be configured to perform inter-frequency measurement of a neighbour pico cell with no resource restriction. This is because it is adequate to not support range extension in this case (i.e. UE would hand over to macro cell instead of handing over to pico cell as a “range extension UE”). An example is given in figure 1 to illustrate the above analysis.
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Figure 1 Measurement resource restriction for inter-frequency in macro-pico case
b) Macro-femto case
In this case, a MUE in the coverage of inter-frequency femto cell(s) may be configured to perform inter-frequency measurement of a neighbour macro cell using the femto’s ABS. If no resource restriction is applied in this case, the measurement result of the macro cell may be too pessimistic due to serious interference in femto’s non-ABS. 
On the other hand, the MUE may be configured to perform inter-frequency measurement of a neighbour femto cell with no resource restriction. Although the RSRQ inaccuracy problem will also arise as the analysis in the macro-pico case, RSRQ measurement is not essential for femto cell, since anyway the MUE is not allowed to be handed over to it. An example is given in figure 2.
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Figure 2 Measurement resource restriction for inter-frequency in macro-femto case
Since neighbour macro cells on different frequency layers may have different ABS patterns, two methods for signalling simplification can be envisioned. For simplification method 1, the intersection of all neighbour macro cells’ non-ABS on each frequency may be configured for inter-frequency measurement on the respective frequency. In this way, one pattern needs to be configured for each frequency to perform inter-frequency neighbour cell measurement. For simplification method 2, the intersection of all inter-frequency neighbour macro cells’ non-ABS on all frequencies may be configured for inter-frequency measurement of all neighbour macro cells. In this way, one pattern is sufficient for all the inter-frequency neighbour cells measurement. The same simplification methods apply for the macro-femto case, where different neighbour femto cells have different ABS patterns.
Hence, if the macro-pico-femto case is not taken into consideration, we can have the following observation:
Observation 1: if the RSRQ accuracy has problem, a single RRM resource restriction pattern (for each frequency or all frequencies) can be applied to inter-frequency neighbour cells with frequency and PCIs linked. For other neighbours no RRM measurement resource restriction applies.
(2) Pattern 1 details
It was agreed in RAN2 #72 that one pattern will be signalled to the UE for RLM/RRM measurements on the serving cell. As given in table 1, we propose that a MUE may be configured to measure its serving cell only in the serving cell’s non-ABS to get the accurate RSRQ. This is different from the table 1 in [1], where no restriction needs to be applied in this case, which will lead to inaccurate RSRQ measurement result as analyzed above. 
We think having accurate RSRQ measurement for the serving cell is essential, since RSRQ measurement for the serving cell can be used to trigger inter-frequency/RAT measurement/mobility and also used as an input to Radio Link Monitoring (RLM). 

Observation 2: To get accurate RSRQ, a MUE may be configured to measure its serving cell only in the serving cell’s non-ABS.
Based on the above analyses, the necessary resource restrictions for inter-frequency measurement in above cases are summarized in table 1.
Table 1:
Necessary measurement resource restrictions for inter-frequency

	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell types
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Subset of Macro’s ABS


	Subset of Macro’s non-ABS
	No resource restriction
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	Subset of Macro’s non-ABS
	Subset of Macro’s non-ABS
	No resource restriction
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS
	Subset of Femto’s ABS 
	Subset of Femto’s ABS
	No resource restriction


2.2 If RSRQ accuracy has no problem
(1) Pattern 2 details for inter-frequency measurement
a) Macro-pico case

If the RSRQ inaccuracy problem is considered not serious for inter-frequency measurement, no resource restriction needs to be applied in macro-pico case, which is the same as table1 in [1].
b) Macro-femto case

In this case, however, it is still necessary for a MUE in femto’s coverage to perform inter-frequency measurement on a macro cell using the femto’s ABS. We think if it will not introduce much complexity to RAN2 specification, it would be better to apply RRM resource restriction for inter-frequency measurement. 
Observation3: If RSRQ accuracy has no problem, a single RRM resource restriction pattern (for each frequency or all frequency) can be applied to inter-frequency neighbour cells with frequency and PCIs linked. For other neighbours no RRM measurement resource restriction applies.
(2) Pattern 1 details
If the RSRQ inaccuracy issue is deemed not so serious, a MUE can be configured with no measurement restriction to measure its serving cell.
Observation 4: If the RSRQ accuracy has no problem, a MUE can be configured to measure its serving cell with no measurement restriction.

Based on the above observation 1 and 3 for pattern 2, we have the following proposal:

Proposal 1: No matter whether RSRQ inaccuracy is deemed serious or not, a single RRM resource restriction pattern for each frequency or all frequencies can be applied to inter-frequency neighbour cells with frequency and PCIs linked. For other neighbours no RRM measurement resource restriction applies.
Proposal 2: If RSRQ inaccuracy is considered as a problem, it is proposed to configure the measurement resource restrictions according to table 1.
If resource restriction is configured for inter-frequency measurement, one issue that may need to be addressed is the measurement gap configuration. Currently, only one gap configuration is supported per UE. However, if different frequencies have different resource restriction patterns (simplification method 1), multiple gap configurations seems necessary for a UE. This is because a single gap may not be sufficient to adapt to multiple restriction patterns, and it is difficult to guarantee sufficient time alignment between the gap and different measurement patterns. If all frequencies share the same resource restriction pattern (simplification method 2), this issue could be simplified much. This can be further discussed in RAN2 if required.
3 Conclusion
In this contribution, the measurement resource restriction patterns for inter-frequency neigbhour cells and serving cells are discussed, with the following proposals:
Proposal 1: No matter whether RSRQ inaccuracy is deemed serious or not, a single RRM resource restriction pattern for each frequency or all frequencies can be applied to inter-frequency neighbour cells with frequency and PCIs linked. For other neighbours no RRM measurement resource restriction applies.
Proposal 2: If RSRQ inaccuracy is considered as a problem, it is proposed to configure the measurement resource restrictions according to table 1.

References

[1] R2-11xxxx, Summary of email discussion [72#33] : time domain ICIC "Pattern2" details, Qualcomm
R2-110394
5


_1356099689.vsd

_1356173534.vsd

