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1
Introduction
In the previous RAN2 meeting #72, there were several agreements regarding the use of eICIC in Rel’10. Most notably, the following points were agreed:
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
The so-called “Pattern 2” concerns measurement restrictions for neighbour cell measurements, and was also discussed in e-mail discussion [3].
2
Measurement Restriction Patterns of eICIC
First, we note that patterns 1-3 can be characterised quite easily, which is done in Table 1.
Table 1
eICIC Measurement restriction patterns
	Pattern
	Usage of the pattern
	Suggested name for the pattern

	1
	Restricts both RLM and Serving cell RRM measurements
	Serving Cell Pattern

	2
	Restricts RRM measurements of neighbour cells
	Neighbour Cell Pattern

	3
	Restricts CSI measurements of serving cell
	CSI Pattern


To clarify the discussion, we would propose to name the patterns according to their use case. Our proposal is shown in the Table 1. If this convention is adopted, we can provide a CR to capture this in [1] and [2].
Proposal 1: Adopt the naming convention in Table 1 for the eICIC patterns.
3
Usage of the Neighbour Cell Measurement Restriction Pattern
The use of the Serving cell and neighbour cell restriction patterns has been handled in [3], where the following table was used for showing how the Serving Cell and Neighbour Cell patterns should be used in different cases:
Table 2
Measurement resource restrictions discussed in [3]
	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
a) in section 2.1
	No resource restriction
	Subset of Macro’s ABS (*1)
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No resource restriction needed
	No resource restriction
	Subset of Macro’s ABS
b) in section 2.1 
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS
c) in section 2.1
	Subset of Femto’s ABS (*2)
	Subset of Femto’s ABS (*3)
	No resource restriction


*1)
This addresses overlapping pico’s CRE. The UE is able to measure neighbour pico’s weak signal that could interfere with the serving pico cell signal.
*2)
This addresses mobility between macros within femto’s coverage
*3)
This allows the UE to identify the best serving cell (i.e. it can be a macro or a pico cell). Note that RAN2 concluded that it is not essential to support pico CRE within femto’s coverage in release-10.
While Table 2 does differentiate between the uses of the different patterns, it also describes three different use cases (i.e. Case 1) – Case 3)), each of which is characterised by the use of one (and only one) set of ABS. Table 3 shows an attempt to convert the table into more behavioural description of the patterns: When the Serving Cell Pattern is used, there are no restrictions to neighbour cell measurements, as the situation is such that only the serving cell that needs protection. When the Neighbour Cell Pattern is used, both the serving cell and neighbour cell measurements should be protected as there is a strong neighbour cell
	Active measurement restriction pattern
	Measurement subframes 

	
	Serving cell (RLM/RRM)
	Neighbour cell

	Serving cell pattern
	Serving cell pattern
	No measurement restrictions

	Neighbour cell pattern
	Neighbour cell pattern
	Neighbour cell pattern 


Table 3
Usage of the Measurement Restriction Patterns
Since this is a clearer description of the UE behaviour, we would propose to adopt this into Stage 2 specification to better describe the usage of the eICIC patterns from UE point of view.

Proposal 2: Table 3 is adopted to 36.300 [1] as the behavioural description of the usage of the Serving cell and Neighbour cell patterns.

3.1
Number of Neighbour Cell Patterns for eICIC
We consider now a case where UE could be provided with multiple patterns for neighbour cell measurements, i.e. UE would have to use a different pattern for measurement of each neighbour cell. We focus on a single 40 ms period here, which corresponds to a DRX case with 40 ms periodicity, and we assume UE needs at least 5 consecutive subframes or 5 measurement occasions to collect enough CRS samples. Consider now If multiple patterns are used and no coordination between patterns is done, it is possible that UE measurement activity may be greatly increased. A worst-case example of this is shown in Table 3: While the individual neighbour cell measurement patterns only have 25% activity rate, the UE would in practice have to do measurements 100% time. This means that if 40ms DRX cycle was in use the UE receiver would not be able to be powered off at all, and even in the non DRX case intra-frequency measurements would require substantially greater baseband measurement activity than a UE supporting a single neighbour pattern. See [4] for more analysis on the power consumption of eICIC.
	'X' Denotes allowed measurement TTI within the ABS pattern 
	Subframe within radio frame
	UE Activity

	
	0123456789
	0123456789
	0123456789
	0123456789
	

	Neighbour cell 1 ABS pattern
	xx------xx
	------xx--
	----xx----
	--xx------
	2/8

	Neighbour cell 2 ABS pattern
	--xx------
	xx------xx
	------xx--
	----xx----
	2/8

	Neighbour cell 3 ABS pattern
	----xx----
	--xx------
	xx------xx
	------xx--
	2/8

	Neighbour cell 4 ABS pattern
	------xx--
	----xx----
	--xx------
	xx------xx
	2/8

	Normal cell search pattern
	xxxxxx----
	----------
	----------
	----------
	6/40

	UE measurements without eICIC
	xxxxxx----
	----------
	----------
	----------
	6/40

	UE measurements with eICIC
	xxxxxxxxxx
	xxxxxxxxxx
	xxxxxxxxxx
	xxxxxxxxxx
	40/40


Table 4
Example of multiple uncoordinated neighbour cell patterns
We do acknowledge that this is the absolute worst case both for UE measurements (UE might not need 5 measurement occasions) and eICIC, and would only happen if multiple patterns are activated. However, in a more typical case, only one neighbour cell pattern would anyway be active, which wouldn’t cause as much measurement activity for the UE, but then there would be no need for the multiple patterns.We also note that we have more thorough analysis of the impacts to duty cycle in RAN4 contribution, and that the 2/8 ABS frequency assumed here is one of the options used by RAN4 evaluations.

3.3
Neighbour Cell Patterns and Serving Cell Patterns
Given the above considerations, but also looking at Table 2, it is visible that UE should always only have either Serving Cell restriction pattern OR Neighbour Cell restriction pattern active. Hence, we think the eICIC usage should be so that only one set of restrictions can ever be applied, as we see no need to have multiple patterns active at a time for the UE. However, this should not restrict a cell to signal the patterns to the UE before their usage, meaning that the eNB can signal both the Serving cell pattern and the Neighbour cell pattern to the UE before it activates either of them. To conclude, we make the following proposals:

Proposal 3: Only one Neighbour Cell pattern can be signalled to the UE.

Proposal 4: UE can only have either the Serving Cell pattern or the Neighbour Cell pattern active at any given time.
4
Conclusion
We have discussed the measurement restriction patterns, mostly for the neighbour cell RRM measurements and made the following proposals for RAN2 to consider:
Proposal 1: Adopt the naming convention in Table 1 for the eICIC patterns.

Proposal 2: Table 3 is adopted to 36.300 [1] as the behavioural description of the usage of the Serving cell and Neighbour cell patterns.

Proposal 3: Only one Neighbour Cell pattern can be signalled to the UE.

Proposal 4: UE can only have either the Serving Cell pattern or the Neighbour Cell pattern active at any given time.
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