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1 Introduction
There had been discussions in R10 on inter-frequency measurement under eICIC. Issues were identified in the need of restricted resource for measurements of cells on a non-serving frequency and the impact on RSRQ accuracy caused by the mixing of ABS and non-ABS in HetNet deployment. Due to the work load, there was not much agreement on inter-frequency measurement under eICIC in R10. As requested in [1], further efforts should be made in R11 on this topic:
· “Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM”
· “… supporting the application of single-carrier time domain ICIC mechanism on the frequency of SCell in Carrier Aggregation setting”
In this contribution, the following aspects of inter-frequency measurement under TDM eICIC are discussed in more details:
· The need of Hetnet deployment over multiple carriers,

· The need of restricted resource in inter-frequency measurement,

· The need of subframe alignment across frequency layers, and

· The impact of restricted resource on inter-frequency measurement requirements.  
2 HetNet deployment over multiple carriers
Restricted inter-frequency measurement may be needed if there is HetNet deployment (mixed macro and pico/HeNB) on a non-serving frequency. When there are multiple carriers available for deployment, there were arguments that macro and pico/HeNB cells could be deployed on different frequency layers to avoid eICIC. However, this would hamper the support of CA by both macro and pico cells (due to the co-location assumption of PCell/SCells), which limits an operator’s choice to increase user throughput. In certain deployment scenarios where coverage of individual frequencies are complementary to each other (and CA can be supported in their overlapping areas), as shown in Figure 1, it is not easy to have a particular carrier singled out for deploying small cells. This is in particular difficult with HeNB, as its location, time to power on, and access right of the related closed subscriber group are usually unknown when network planning is performed.  In order to not limit an operator's choice in planning their network/spectrum usage, HetNet deployment over a frequency layer should not be precluded, even if there are multiple carriers available.

[image: image1.emf]
Figure 1, Complementary coverage of multiple frequency layers
Proposal 1: HetNet deployment (i.e., mixed macro and pico/HeNB) should be supported on individual frequency layer.
3 Restricted inter-frequency measurement
3.1 Macro-Femto case 
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Figure 2, Measurement of inter-frequency macro cells interfered by HeNB
At Point A, PUE on f2 is close to a coverage hole or suffers low throughput due to crowded transmissions in ABS Set2 of the macro cell. In order to avoid radio link failure or service quality deterioration, the PUE may be instructed to start an inter-frequency measurement on other neighbour frequencies, such as f1, to find an available target cell. The corresponding location of the PUE on f1 falls into the overlapping area of a macro cell and a non-allowed CSG cell, whose placement was at the discretion of a customer and is hard to be taken into account at network planning. The CSG cell is configured with ABS Set1 for non-CSG UEs to receive transmission from the macro cell. Since there are usually very few users to be served in a HeNB, it is beneficial to have the UE in question move onto f1 and served by the macro in ABS Set1 (which is likely to be larger than ABS Set 2). In this case, restricted measurement is needed, so that RSRQ measurement results of the macro cell, reported by the UE, are not polluted by HeNB’s transmission in non-ABS. The above analysis of the usefulness of restricted measurement on non-serving frequency with both macro and HeNB deployed also applies to a macro UE at point B, even though there is no need of ABS Set on serving frequency. 
3.2 Macro-Pico case 
At Point A, PUE on f2 is close to a coverage hole or suffers low throughput due to crowded transmissions in ABS Set2 of the macro cell. In order to avoid radio link failure or service quality deterioration, the PUE may be instructed to start an inter-frequency measurement on other neighbour frequencies, such as f1, to find an available target cell. The corresponding location of the PUE on f1 falls into the overlapping area of a macro cell and RE area of a pico cell. The macro cell on f1 is configured with ABS Set1 for UEs to receive transmission from the pico cell. RSRQ measurement results of macro can be too optimistic, if ABS is not excluded, as in ABS no data transmission of macro and weak signal from pico would be present in pico’s RE area. This over-estimation of channel quality of neighbour frequency would occur to UE at point B, too, which is like any normal UE in a macro cell. Therefore, network would have hard time to notice the occurrence of faulty measurement results on non-serving frequencies. This would create illusion that neighbour frequency has better channel quality. Even worse, if UE at point A was handed over to macro cell on frequency f1, it would then start reporting optimistic channel quality of macro cell on frequency f2. In other words, without measurement restriction on non-serving frequency when ABS is enacted, UE would keep reporting better channel qualities on neighbour frequency, making the need of inter-frequency handover insatiable. Furthermore, with restricted measurement on non-serving frequency, the UE at point A can be directed to perform measurement on pico cell on f1 in ABS. Then, RSRQ measurement results of the pico cell, reported by the UE, are not polluted by macro’s transmission in non-ABS. This would make the pico cell stand out as a candidate handover cell. This way, UE at point A and B can be handed over from f2 to f1 and directly offloaded to the pico cell, instead of being first handed over to the macro cell, and then offloaded to the pico cell later.
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Figure 3,
Measurement of inter-frequency macro - pico cells
3.3 CA case
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Figure 4, Inter-frequency measurement in CA deployment
Inter-frequency measurement may also be critical for proper CA operation. CA-capable pico cells can be very useful to increase user throughput in Hotspot area. In order to support configuration of PCell and SCell, restricted measurement may be needed for some trigger events on different frequencies. For example, at point A in Figure 4, an inter-frequency measurement may have to be performed in ABS Set1 of HeNB for trigger A3 of PCell change or trigger A4 for adding a new SCell. This way, at point A, f2 and f3 can still be configured as component carriers of a UE to increase user throughput in ABS of the interfering HeNB. Similarly, at point B in Figure 4, inter-frequency measurement performed in ABS of macro cells, may be used for trigger A3 of PCell change or trigger A4 for adding a new SCell. This way, pico coverage can be expanded on these frequency layers, and aggregated together for a UE to increase user throughput. 
Based on the analyses of the above scenarios, 
Proposal 2: Restricted measurement should be supported for inter-frequency RRM in Rel-11based on time domain ICIC.
4 Time alignment across frequencies
“For the time domain ICIC, subframe utilization across different cells are coordinated …” [2]. It is generally assumed in R10 that the subframe boundaries are aligned among cells involved in time domain ICIC. In this way, victim cell can schedule transmission to UE in ABS of aggressor cell. With subframe alignment, intra-frequency restricted measurement can be configured easily using bitmaps with each bit in it representing a subframe. 
As far as scheduling of transmission is concerned, there is no need to assume subframe alignment across frequency layers, as transmissions on them won’t interfere with each other. Without the assumption that subframe boundaries are aligned across frequency layers, RRC signalling to configure restricted measurement, however, can become cumbersome, as boundary shift between subframes on different frequency layers needs to be specified with sufficient time resolution. If the assumption of subframe alignment can be extended across frequency layers, it seems quite feasible to reuse the existing model of having bitmap indicate subframes used for measurement of a set of cells on non-serving frequency.
Proposal 3: RAN2 should discuss if alignment of subframe boundary can be assumed across frequency layers.
5 Measurement requirement and accuracy
5.1 Length of effective measurement gap

Currently, the length of measurement gap is 6ms, with repetition periods of 40ms or 80ms. When TD ICIC is configured on a non-serving frequency, restricted measurement should also be performed within measurement gaps, as illustrated in Figure 5. 
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Figure 5, The intersection of measurement gap and the ABSs
For example, when inter-frequency measurement is performed on victim cells, the effective measurement gap is the intersection of the configured measurement gap and the ABSs of aggressor cell. Conversely, when inter-frequency measurement is performed on aggressor cell, the effective measurement gap should be the intersection of the configured measurement gap and the non-ABSs of aggressor cell. Except for the rare cases of 6 consecutive ABSs or non-ABSs being configured, the length of effective measurement gap in inter-frequency restricted measurement may be significantly smaller than what currently used in RAN4 to define measurement accuracy. On the other hand, the use of restricted measurement means lower connection activity. This may allow requirements of measurement to be loosened as in DRX mode.
5.2 Cell detection in effective measurement gap
Furthermore, the current measurement gap of 6ms always contains subframe carrying SSCH/PSCH of neighbour cells on a non-serving frequency, in both FDD and TDD system. Hence, there is always opportunity for UE to perform cell acquisition to neighbour cells in a measurement gap. With restricted measurement on non-serving frequency, it is up to the network, however, to configure if the measurement restriction resource in a measurement gap may contain SSCH/PSCH of neighbour cell, as illustrated in Figure 6. Hence, there may not be opportunity for UE to perform cell synchronization in a measurement gap. The issue can be more pronounced in TDD system, as SSCH and PSCH are not carried in the same subframe, and SSCH can not be decoded successfully unless PSCH is received first. Therefore, synchronization can not be done in a measurement gap to a neighbour cell on non-serving frequency, unless there are two consecutive subframes in the measurement restricted resource matching respectively the SSCH-subframe and PSCH-subframe.
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Figure 6, Illustration of measurement gap, measurement restriction resource, and SCH subframes

5.3 RSRQ accuracy of aggressor cells
There have been discussions on the impact of measurement restriction resource on RSRQ measurement accuracy. In particular, concerns have been raised that not excluding its ABSs in inter-frequency measurement of an aggressor cell, its RSRQ may be overestimated by more than 7 dB [3].Unlike in intra-frequency case, RSRQ is a major performance quantity network may rely on for handover decision. Over-optimistic measurement results may get UEs handed over to neighbour frequency too early. This may result in overloading the neighbour cell, and may increase the possibility of radio link failure after UE switches to the neighbour frequency.
Based on the above analyses,
Proposal 4: Works on inter-frequency restricted measurement should proceed with consultation of RAN4 on measurement requirements, cell detection, and RSRQ accuracy. 
6 
Conclusion

This contribution discusses
· The need of Hetnet deployment over multiple carriers,

· The need of restricted resource in inter-frequency measurement,

· The need of subframe alignment across frequency layers, and

· The impact of restricted resource on inter-frequency measurement requirements. 

It is proposed to continue the works on inter-frequency measurement under TDM eICIC in R11 as follows:
Proposal 1: HetNet deployment (i.e., mixed macro and pico/HeNB) should be supported on individual frequency layer.
Proposal 2: Restricted measurement should be supported for inter-frequency RRM in Rel-11based on time domain ICIC.
Proposal 3: RAN2 should discuss if alignment of subframe boundary can be assumed across frequency layers.
Proposal 4: Works on inter-frequency restricted measurement should proceed with consultation of RAN4 on measurement requirements, cell detection, and RSRQ accuracy. 
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