3GPP TSG-RAN WG2#72bis
R2-110329
Dublin, Ireland, Jan 17--21, 2011.
Agenda Item:
7.5.1
Source: 
Motorola Mobility
Title:  
Measurement restrictions for eICIC
Document for:
Discussion 
1 Introduction
Email discussion [1] discussed various questions regarding measurement restrictions for enhanced ICIC. However, one issue on which there does not seem to be convergence is the question of how many measurement restriction patterns should be active in the UE at any given time. In this contribution we provide our view on this issue.
2 Discussion

Based on discussion in RAN2#72, it was agreed that:

· there will be one measurement restriction pattern for RLM/RRM measurements of the serving cell (pattern1); and

· at least one measurement restriction pattern for RRM measurements of neighbour cells (pattern2s). It is FFS whether a PCI range is linked to pattern2.
In this contribution we discuss the measurement restrictions for neighbour cells and the number of measurement restrictions active in a UE at any given time. 
RRM measurement of cells on the serving frequency is carefully optimized to minimize power consumption while meeting the necessary performance requirements. Generally, UEs perform measurements of cells on the serving frequency in 6 ms windows. That is, the UE measures multiple cells in a 6 ms window (ideally most of the cells of interest on the serving frequency). A 6 ms window is used so that at least one P/S-SCH transmission of each cell can be received. This ensures that the UE does not have to perform measurements of different serving cells at different times. It is important to ensure that this still works with eICIC restrictions. 
We presented the following table during the email discussion [1]; further discussion below is based on this table.

	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell to be measured
	Serving cell measurement and RLM
	Measurement of range extension neighbour cells
	Measurement of non-range extension neighbour cells 

	No significant interference from neighbour cell
	No resource restriction needed
	Serving cell’s ABS
	No resource restriction needed

	Significant interference from neighbour cell
	Interferer’s ABS
	Interferer’s ABS
	Interferer’s ABS


First we discuss the “No resource restriction needed” cells of the table. Note that the original table in the email discussion also used this term. Our interpretation of “No resource restriction needed” is that UE can perform measurements in subframes of its choosing, including for example in ABS subframes of the serving cell. Comments have been made that measuring RSRQ during serving cell’s ABS or interferer’s ABS can lead to optimistic RSRQ due to absence of load or much lower load in such subframes. For this reason, some companies suggest measuring RSRQ during non ABS subframes of the serving cell or the interferer. However, as was noted in the email discussion, load is anyway time varying and simply measuring in non-ABS subframes may not make RSRQ significantly more accurate. 
Proposal 1: “No resource restriction needed” implies that the UE can perform measurements in subframes of its choosing.
Having different measurement restriction patterns for different sets of neighbours may mean not all neighbours on the serving frequency are measured in the 6 ms interval. This will then require a tradeoff between power consumption and measurement accuracy. It is also likely that having different measurement restriction patterns will mean substantial additional work in RAN4 to determine appropriate performance requirements. Specifically, for the scenarios where there is significant interference from a neighbour cell, it would be beneficial to have a single measurement restriction pattern, to minimize work needed to define performance requirements. That is, for measurement performance evaluation, RAN4 should be able to assume that the UE can measure all or most of the cells on the serving frequency using a single restriction pattern. In summary, we would prefer to ensure that there is only one measurement restriction pattern active in the UE at any given time.

Proposal 2: RAN2 should ensure that there is only one measurement restriction pattern active in the UE at any given time.
Our understanding of the email discussion is that there is a general agreement across companies regarding the content of the table above, except for the bottom right cell – i.e., Measurement of non-range extension neighbour cells when there is significant interference from neighbour cell. “Neighbour cells that do not implement range extension” can be either macro cells, or pico cells without range extension. Here we consider measurement restrictions for all neighbour cells in the presence of significant interference from a neighbour cell (i.e., the two bottom right cells of the table). There are two scenarios to consider:
· Macro UE is in the coverage of a non-allowed femto cell: In this case the ideal measurement restrictions for measuring neighbour cells would be: 
· Subset of femto’s ABS for measuring range-extension neighbour cells;
· No resource restriction for measurement of non-allowed femto cell and

· Subset of femto’s ABS for measurement of other non-range extension neighbor cells.
· Pico UE is in the large range extension area of a pico cell: In this case the ideal measurement restrictions for measuring neighbour cells would be: 
· No resource restriction for measurement of interfering macro cell;

· Subset of macro’s ABS for measurement of range extension neighbour cells; and

· No resource restriction for measurement of other non-range extension cells.
In the pico UE case above, as noted above, no resource restriction is needed for measurement of other non-range extension cells. However, the UE can in fact use the subset macro’s ABS to measure non-range extension cells also. This simplifies the UE behaviour and this assumption makes the measurements performance analysis simpler (i.e., without this assumption it is necessary to analyze performance when some neighbour macro cell measurements are performed in macro’s AB subframes and some in macro’s non-AB subframes). With this simplifying assumption, a simple rule can be used to capture the measurement restrictions: when there is significant interference from a neighbour cell, the interferer’s ABS is used to measure all neighbour cells other than the interferer. Note that measurement of the interferer should not be restricted to the ABS subframes of the interferer. Since the interferer is the strongest cell, measuring the interferer only in the ABS of the interferer causes RSRQ measurements of the interferer to be very skewed (load from the strongest cell would not be accounted for). 
Proposal 3: When there is significant interference from a neighbour cell, a subset of the interferer’s ABS is used to measure all neighbour cells other than the interferer.

Next we look at neighbour cell measurements when there is no significant interference. In this scenario, it is clear that measurement of range extension neighbour cells should be done in AB subframes of the serving cell. Ideally, measurement of non-range extension neighbour cells do not need any resource restriction. However, as in the other case above, a simplifying assumption can be made. The UE can use the serving cell’s ABS to measure non-range extension neighbour cells also. 
Proposal 4: When there isn’t significant interference from neighbour cells, a subset of the serving cell’s ABS is used to measure all neighbour cells.
The result of proposals 3 and 4 is captured in the modified table below.
	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell to be measured
	Serving cell measurement and RLM
	Measurement of neighbour cells

	No significant interference from neighbour cell
	No resource restriction needed
	Serving cell’s ABS

	Significant interference from neighbour cell
	Interferer’s ABS
	Interferer’s ABS (no resource restriction for interferer)


3 Summary
In this contribution we have outlined our views on measurement restriction patterns for RRM and RLM measurements on the serving frequency during enhanced ICIC operation. RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: “No resource restriction needed” implies that the UE can perform measurements in subframes of its choosing.

Proposal 2: RAN2 should ensure that there is only one measurement restriction pattern active in the UE at any given time.
Proposal 3: When there is significant interference from a neighbour cell, a subset of the interferer’s ABS is used to measure all neighbour cells other than the interferer.

Proposal 4: When there isn’t significant interference from neighbour cells, a subset of the serving cell’s ABS is used to measure all neighbour cells.
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