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1 Introduction

At the RAN2#72 meeting, the following agreements were reached on the resource restriction patterns for RRM/RRM/CSI measurements [1].

	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


In this contribution, we further discuss the detail of the Pattern 2 design issues and provide our recommendations.

2 Measurement restriction
2.1 Measurement impact due to ABS

The basic idea of TD ICIC is that the aggressor cell mutes data transmissions in some of its subframes, known as the Almost Blank Subframes (ABS), where the Reference Signals (RS) remain intact, for the sake of eliminating the data transmission interference imposed from the aggressor cell on the victim cells.
Consequently, when measuring the victim cell, the UE may obtain an improved estimation of Reference Signal Received Quality (RSRQ), thanks to the significantly reduced interference in the duration of ABSs. When the UE measures the aggressor cell, it may also get a more optimistic RSRQ estimation because of the reduced Received Signal Strength Indicator (RSSI). The RSSI is defined as the linear average of the total received power from both the serving and interfering cells, as measured in OFDM symbols containing RSs at antenna port 0 in the designated measurement bandwidth [2]. In an ABS of the aggressor cell, as all the physical channels and signals are muted except the RS, the received total power also decreases accordingly. Therefore, the RSSI measured in the ABS is lower than that in the normal subframes, yielding a better RSRQ for the aggressor cell, given that the RSs’ power remain the same as in normal subframes.
The network is responsible for configuring the UE’s RRM measurement by restricting such measurements in appropriate subframes according to different scenarios. This will be further analysed in the following sections.
2.2 From the Pico-UE’s perspective
In the Macro-Pico co-channel deployment scenario, the Macro-cell and Pico-cell are the aggressor and the victim, respectively. From the perspective of PUE, because the neighbouring Pico-cells may also suffer from the serve interference from Macro-cell, it is obviously desirable for the network to restrict the PUE’s RRM measurement on the neighbouring Pico-cells only in the interferer’s ABSs (in this case the Macro-cell’s ABSs).
With respect to the measurements on the neighbouring aggressor cells, restricting the PUE’s measurement in the interferer’s ABSs will bring over-optimistic measurement results as discussed above, which may trigger handover (HO) of PUE from the victim Pico-cell to those neighbouring aggressor cells. This is not desirable from the perspective of offloading Macro-UEs (MUE) to the Pico-cell, and may potentially result in too-early handover or ping-pong effects between the serving Pico-cell and its neighbouring cells.

In [3], it is suggested that no restriction to PUEs on their measurements on the aggressor Macro-cell. As a result, the samples selected by PUEs for neighbouring cell RRM measurements may be arbitrary. More specifically, the measurement can be done in normal subframes or ABS, or the combination of both. Furthermore, the selection may vary from one measurement period to another. Consequently, the RRM measurement becomes unpredictable, which is not desirable.
To counteract the above-mentioned ambiguity in RRM measurements, it would be better for the network to restrict the PUE’s RRM measurement for the aggressor Macro-cell in the non-ABSs. Note that this indeed reflects the “real” serving quality of Macro-cell, since it is expected that MUEs will only be scheduled in non-ABSs of Macro-cell.
One may argue that the bursty traffic in nowadays’ networks may result in the similar situation, where the RSRQ measurement results may be optimistic at one time and be pessimistic in other times, which, however, does not appear to be an issue. However, typically, the DL traffic of Macro-cell does not statistically vary too much across different subframes. By contrast, in the scenario where TD ICIC is enabled, the employment of ABS implies that the assumption of random-like traffic variations as in networks without TD ICIC no longer holds, when considering the status change from the a subframe to an ABS or vice versa.
Therefore, at least two patterns are required for PUE’s RRM measurements, namely one for measuring neighbouring Pico-cells and the other for measuring the neighbouring Macro-cell.
Proposal 1: The network should be able to configure two patterns for PUEs’ RRM measurements on neighbouring cells.
Proposal 2: Depending on different measurement targets, the pattern for PUE’s RRM measurements on neighbouring cells is designated by the network and can be a subset of the aggressor’s ABSs, or a subset of the aggressor’s normal subframes.
2.3 From the Macro-UE’s perspective
The ABSs of the aggressor Macro-cell may also be exploited for the MUEs to measure the neighbouring Pico-cells. Thus, from the perspective of seeking further offloading opportunities, it will be beneficial for MUEs to use resource-specific RRM measurement on the neighbouring Pico-cells. Therefore, we suggest that:
Proposal 3: One Pattern 2 corresponding to MUE’s RRM measurement on the neighbouring Pico-cells is sufficient.
2.4 MUEs in a CSG cell

With regard to the MUEs in the CSG scenario, namely when non-CSG MUEs are located in the coverage area of a CSG cell (such as a Femto-cell), the CSG cell should activate the ABS function for the benefit of the non-CSG MUEs. Otherwise, the non-CSG MUEs may fail to access the Macro-cell due to severe ICI from the CSG cell.

Furthermore, the ABSs of Femto-cell should be exploited by nearby MUEs for their RRM measurements on neighbouring cells. Since it was decided at the RAN2 #72 meeting that the Macro-Pico-Femto scenario should not be considered in Rel-10 [1], it is sufficient for MUEs to use only one Pattern 2 corresponding to all neighbouring cells.

Proposal 4: The network should configure for the MUE only one Pattern 2 corresponding to all its neighbouring cells in the coverage area of the CSG cell, for the purpose of enabling the MUE’s RRM measurement in its neighbouring cells.

2.5 CSG UEs

Concerning the CSG UEs, there is no need to apply any resource-specific measurement on the serving CSG cell (for example a Femto-cell), as the signal from the serving cell is expected to be sufficiently strong.

Furthermore, unlike the motivation of offloading MUEs to Pico-cells, it is desirable to keep the CSG UEs in the CSG cell. This means that it is not necessary for them to apply resource-specific measurement on neighbouring cells either.

Proposal 5: In the CSG scenario where TD ICIC is enabled, it is not necessary for CSG UEs to apply resource-specific measurement neither on the CSG serving cell nor on non-CSG neighbouring cells.

3 Associating PCI ranges with Pattern 2
One remaining issue is how to associate the specific neighbour cells to the Pattern 2 in signalling. A simple solution may be to associate only one continuous range of PCI with the Pattern 2. However, such a method may be problematic in case that the distributive PCI arrangement is used. More specifically, distributive PCI arrangement helps to achieve ICI randomization, which is one of the important ICIC techniques that are already supported in Rel-8/9 and is also desirable in heterogeneous networks. For instance, we may assign multiple non-continuous PCI ranges to each specific cell type (Pico-cell, Macro-cell, etc), such that ICI can be statistically randomized. By contrast, if only one continuous PCI range can be associated with the Pattern 2, for example in the Macro-Pico scenario, it implies that only a subset of the Pico-cells can be associated with the Pattern 2 for RRM measurement, or PCIs of all the Pico-cells have to be allocated within one continuous range. Naturally, such a constraint is expected to degrade the achievable TD ICIC performance.
Allowing more than one PCI range to be associated with the Pattern 2, however, will offer an opportunity to resolve the above-mentioned issues. For example, if two sufficiently distanced PCI ranges are assigned to cells that share the same Pattern 2, the ICI among these cells can be effectively randomized.
Therefore, we propose that:
Proposal 6: More than one PCI range should be allowed to associate with the Pattern 2.

4 Conclusion

In this contribution, we discussed the details of the Pattern 2 designed for RRM measurement and suggest RAN2 to agree on the following proposals:
Proposal 1: The network should be able to configure two patterns for PUEs’ RRM measurements on neighbouring cells.

Proposal 2: Depending on different measurement targets, the pattern for PUE’s RRM measurements on neighbouring cells is designated by the network and can be a subset of the aggressor’s ABSs, or a subset of the aggressor’s normal subframes.

Proposal 3: One Pattern 2 corresponding to MUE’s RRM measurement on the neighbouring Pico-cells is sufficient.
Proposal 4: The network should configure for the MUE only one Pattern 2 corresponding to all its neighbouring cells in the coverage area of the CSG cell, for the purpose of enabling the MUE’s RRM measurement in its neighbouring cells.
Proposal 5: In the CSG scenario where TD ICIC is enabled, it is not necessary for CSG UEs to apply resource-specific measurement neither on the CSG serving cell nor on non-CSG neighbouring cells.
Proposal 6: More than one PCI range should be allowed to associate with the Pattern 2.
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