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1 Introduction

In this paper we discuss the issue of measurement restriction patterns for TDM ICIC. We think pattern 2 may include one PCI list and that pattern 3 may contain two patterns. We focus on the macro-pico scenario, although the macro-femto scenario is not precluded. 
2 Background

RAN3 has decided that eNB may signal two patterns over X2 ‎[2]. The first pattern indicates which subframes are currently protected by that eNB. The second pattern is a subset of the first pattern and indicates which subframes that “always” will be protected. The first pattern may change on a shorter timescale, but the second may change on a longer timescale. In this text we will call the first pattern the dynamic pattern and the second pattern the static pattern. 
The thinking behind this is that the dynamic pattern may change to due load conditions among the eNBs (however, note that femto eNBs do not have X2). The static pattern should remain constant for a longer time period. eNBs close together may then coordinate to select the same static pattern. Note that these patterns signalled over X2 may not necessarily be the measurement restriction patterns signalled to the UE. It is up to the serving eNB to compute these patterns based on the static and dynamic patterns signalled over X2.
The reason for having a set of measurement restriction patterns for the UE can be seen as a type of optimization. If no patterns were used the UE’s picture of the current interference situation would be wrong, as all subframes would be included in the measurement calculations, even though only a subset of them would be possible for the UE to be scheduled on. An ideal solution for performing the measurements should therefore only include subframes which are protected, i.e., where less interference is to be expected. By using measurement restriction patterns the UE can make measurements of higher quality. For detecting weak neighbour cells the measurement patterns are also beneficial as they indicate to the UE how to find the weak neighbour cells.
At RAN2#72 the following agreements were made with respect to TDM ICIC patterns, and how to signal them ‎[1].

Regarding measurement 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

-
FFS whether a PCI range linked to this one pattern; details of PCI signalling

-
Pattern(s)3:

3) Will have separate signalling for patterns relevant for CQI

-
EMAIL DISC to discuss the details of pattern2, also looking at inter-freq case. Deadline January 10th. [EMAIL DISC QC] 72#33

-
Baseline is to use dedicated signalling to inform UE's in connected about patterns1,2,3

RAN2 sees the need for three patterns. We also note that it is up to RAN4 to design the patterns such that the potential drawbacks of measuring less often are kept acceptably small. The focus of RAN2 is to decide on what should be signalled to the UE and how as well as what the UE is expected to do with the signalled patterns, i.e., how the patterns impact the various types of measurements.
3 Discussion

In this discussion we analyse each pattern by itself.
3.1 Pattern 2 – RRM measurements on neighbour cell

To detect weak neighbour cells it is beneficial if as many as possible of the stronger cells have their subframes protected, as that would cause less interference. The protected subframes of the static pattern would thus be measurement opportunities for the UE. It is also possible for the serving eNB to select a subset of the static pattern if the measurement requirements can be met.
When measuring on neighbour eNBs using TDM ICIC it is beneficial for the UE to use a measurement restriction pattern, as previously explained. However, there may also be neighbour eNBs not using TDM ICIC. As the UE can, if handed over to such a cell, be scheduled on all subframes in those cells the measurements should also reflect the channel quality for all subframes, i.e., measurement restriction patterns for those eNBs should not be applied. One way to solve this is to also signal a list of PCIs (Physical Cell IDs) associated to the pattern. This way the UE knows which cells to apply the measurement patterns to and which neighbours to measure in any subframes.
This pattern would apply to neighbour cell RSRP and RSRQ measurements.

Proposal 1 Pattern 2 may contain one list of PCIs. The UE applies the associated measurement restriction pattern to the neighbour cells in the PCI list. The UE does not apply measurement restrictions on neighbour cells not in the list of PCIs.
3.2 Pattern 3 – CQI measurements on serving cell

The purpose of this pattern is to ensure the UE considers subframes for CQI/PMI/RI measurements where it may be scheduled. This improves the quality of the measurements as they more accurately reflect the channel conditions to be expected for the data transmission. It therefore enables the scheduler of the serving eNB to make better scheduling decisions.
This pattern would typically be constructed by the serving eNB based on the dynamic patterns of the neighbouring cells. One way to do this would be to create the intersection of all the dynamic patterns. However, if the interference from the neighbouring cells varies a lot within the area of the serving cell it may be useful to exclude some dynamic patterns from the calculation to better suit the particular UE in question. It is also possible for the serving eNB to select a subset of the intersecting pattern if the measurement requirements can be met.
If several cells have different dynamic patterns some subframes will be totally protected (i.e. no neighbour cell is transmitting), some will be totally unprotected (i.e. all neighbour cells are transmitting), and then there will be some which are “semi-protected” (i.e. some neighbour cells are transmitting). To better suit this situation, several Pattern 3 may be signalled to the UE. This is also in line with the decisions made in RAN1 ‎[3]. One pattern could be used to signal the totally protected subframes, and one could be used to signal the totally unprotected subframes. The UE would then generate and transmit two sets of CQI/PMI/RI measurements corresponding to the two patterns. The exact details of how to report periodic and aperiodic CQI measurements are discussed in RAN1. This way the serving eNB could e.g. know if the interference situation changes as the UE moves in the cell facing different neighbour cells with different dynamic patterns. And it could decide whether to schedule the UE only in the fully protected subframes or whether it could be worth assigning resources also in the other subframes. We note that the UE does not need to know which interference situation the different patterns represent.

This pattern would apply to CQI, PMI, and RI measurements.

Proposal 2 Pattern 3 may contain two patterns which the UE applies to CQI/PMI/RI measurements.
4 Conclusion

Based on the discussion in section ‎2 we propose the following:

Proposal 1
Pattern 2 may contain one list of PCIs. The UE applies the associated measurement restriction pattern to the neighbour cells in the PCI list. The UE does not apply measurement restrictions on neighbour cells not in the list of PCIs.
Proposal 2
Pattern 3 may contain two patterns which the UE applies to CQI/PMI/RI measurements.
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