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1. Introduction
In RAN1#62bis a way forward [1] on enhanced inter-cell interference coordination (eICIC) was agreed. This was communicated in an LS to RAN2, RAN3 and RAN4 to stimulate the related work for eICIC. The part relevant to the RRC signalling is as follows:

With regard to the X2 signalling, RAN1 has agreed the following requirements:

· A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell

· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals

· One bitmap indicates the subframes which are ABS

· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signalling (details below) 

With regard to RRC signalling, RAN1 has agreed the following requirements:

· RRC signalling is provided for resource specific RLM/RRM measurements: 

· If this signalling is provided for serving cell measurements, UE should use only the indicated subframes for serving cell measurements 

· If this signalling is provided for measurements on a given neighbour cell, UE should use only the indicated subframes for measurements on that neighbour cell (regardless of any previous assumptions about MBSFN subframes in that neighbour cell)

· FFS in RAN2: details of how the indicated subframes apply to RLM and/or RRM measurements 

· Limited set of patterns to be considered for RAN 4 performance requirements

· RAN4 should determine the patterns and the appropriate corresponding performance requirements

· FFS: Possible constraints on the set of patterns that can be signalled by RRC

· RRC signalling for CSI measurements

· UE is signalled across which resources interference can be averaged for CSI reports

· Details of how to modify the 36.213 CQI definition FFS

· Signalling details FFS in RAN1

· Performance requirements FFS in RAN4
In this contribution, we discuss more about the RRC signalling design for the ABS use for RLM, RRM and CSI measurement. 
2. Discussion
The LS shown above especially addresses Macro-Pico scenario. The X2 and RRC signalling requirements for providing information about ABS patterns used in interfering eNB is described.. The first and second bit map patterns are considered for x2 signalling. The first X2 bitmap from Macro cell is to inform the Pico cell which subframes have been configured to be the Almost Blank Subframes (ABSs) for interference avoidance. The first bitmap should be updated semi-dynamically in order to ensure that scheduling resources in the interfering macro eNB are not wasted, while still providing sufficient means for the interfered pico eNB to schedule UEs located in the cell edge. The second bitmap is a subset of the first bitmap and used to indicate to the interfered pico eNB the long-term ABSs that may be suitable in particular for the restricted RLM/RRM measurements. 
Observation  1: ABS pattern has two components. First component delivered using first bit map is more dynamic than the second component delivered via the second bit map.

Macro-Femto scenario is not addressed by the LS. However, it is understood there are no requirements on X2 signaling for support of Macro-Femto scenarios in Rel-10. With absence of specific x2 signaling, the ABS patterns used in Femto cells can only be provided to the Macro cell via OAM or other means. Considering the RRC signaling requirements for Macro-Pico scenario and considering the similarity of Macro-Pico and Macro-Femto scenarios, the designed RRC signaling support for Macro-Pico scenario could also be applicable to Macro-Femto scenario as appropriate, if the ABS pattern used in the interfering femto eNB is known at the interfered macro eNB. However, we do not believe that it will be possible to agree on additional signaling optimization for Macro-Femto scenarios in Rel-10.
Observation 2: the designed RRC signaling support for delivering information about ABS pattern in Macro-Pico scenario could also be applicable to Macro-Femto scenario without additional optimization in Rel-10.

In RRC signaling design the usage of ABS pattern could be divided into two parts: ABS support for measurements that relate wholly or partly to the serving cell, and ABS support for measurements that relate only to neighbour cells. The first category includes two kinds of measurements: RLM and CSI measurements.

In Macro-Pico scenario, the Pico UEs located at the cell edge use ABS pattern of the Macro cell for RLM and CSI measurements while the UEs located in the Macro cell use the Macro ABS pattern to measure the neighboring Pico cell (RRM). As indicated above, the ABS pattern used for RRM and RLM measurements changes less frequently than the pattern used for CSI measurements. Considering the frequent changes of the first bit-map, broadcast is not suitable and dedicated RRC signaling is preferred over broadcast signaling for providing ABS pattern used for CSI measurements in Pico cell.  

Observation 3: Considering the modification frequency of the first bit-map, dedicated RRC signaling is preferred over broadcast signaling for providing ABS pattern used for CSI measurements in Pico cell.  

Based on the low modification frequency of the second bit map, either broadcast or dedicated RRC signaling seems feasible for providing ABS pattern information to the UE to be used for RLM and RRM measurements. Only the UEs experiencing a strong interference from the neighboring Macro cell (cell edge UEs) need to use the ABS restriction for RLM measurements. Even though the bit map pattern to be used for RLM can be broadcast, the specific UEs which should apply the pattern should be informed via UE specific signaling. Moreover, if the Pico cell is experiencing strong interference from two Macros with different ABS patterns as shown in Figure 1, the UEs located close to the Macro cell 1 will benefit from using ABS pattern of cell1, while the UEs close to Macro cell 2 will benefit from using ABS pattern of cell 2. With a UE specific RRC signaling, the Pico eNB is able to indicate the appropriate ABS pattern to the UE based on its location (based on the strongest interferer). 
Alternatively, it is also possible to provide the UEs with two set of ABS patterns (corresponding to Macro eNB 1 and Macro eNB2) via broadcast. The UE could autonomously decide on the appropriate ABS pattern to use based on the strongest interferer. However, in order to test the UE behavior, this requires a set of rules defined that all UEs will obey in selecting the ABS pattern. Considering the simplicity and for reasons given below, dedicated RRC signaling is preferred for ABS pattern signaling for RLM use.
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Observation 4: Considering the simplicity, dedicated RRC signaling is preferred over broadcast signaling for providing ABS pattern used for RLM measurements in Pico cell.  

The UEs in Pico cell do not need to use the ABS pattern for measuring neighboring Macro cells, i.e. Rel-8/9 neighboring cell measurements apply as normal. The UEs in Macro cells should however use the ABS pattern for measuring neighboring Pico cells. For measuring neighboring Macro cells, ABS pattern should not be used, otherwise, the cell measurement on the neighboring Macro becomes too optimistic and the UE would be handed over to the neighboring Macro too early, impacting the system performance. As noted earlier, the second bit map or sub set of the second bit map is recommended for the RRM measurements. Considering the low modification frequency of the second bitmap, broadcast signaling can be used to inform the UE of ABS pattern to use for RRM measurements. The UE needs to identify the neighboring cell prior to neighbor cell measurements using ABS pattern. Therefore, UE specific signaling to indicate the applicability of the ABS pattern is not required, i.e., pure broadcast signaling is possible. However, considering that this information would only be useful for the UEs located close to the Pico cell (not all the UEs in the macro cell), the ABS information could also be provided to the UEs via dedicated RRC signaling. This is inline with observations 2 and 3 above for ABS support for CSI and RLM measurements.  
Observation 5: both broadcast and dedicated RRC signaling are possible for providing ABS patterns to UE for use of RRM. Considering dedicated RRC signaling is preferred for providing ABS pattern for CSI and RLM, dedicated RRC signaling is slightly preferred for providing ABS for RRM.

In general, in our view, when a specific information is required only for Active mode, the default signaling option to be considered is Dedicated signaling rather than Broadcast signaling.  Today the UE only monitors SIB1,2 (ignoring MBMS, PWAS)  in connected mode.  These are repeated very often and hence are an expensive media to send information for exclusive use of connected mode UEs.  Hence it seems reasonable to use dedicated signaling irrespective of whether the info is UE specific or Cell specific.  In other words, even if the information is Cell specific, if it is only relevant in connected mode, it is proposed to use dedicated signaling.

Note that as described in [2], there is no impact of use of ABS pattern on idle mode UEs in Macro-Pico scenario. Therefore, dedicated RRC signaling fulfils all signaling requirements for providing ABS pattern to the UE in Macro-Pico scenario.

Proposal 1: Dedicated RRC signaling is proposed for providing ABS information for CSI, RLM and RRM measurements in Macro-Pico scenario.
For Macro-Femto scenario, X2 signaling support is absent. The only possibility of eNB knowing the information on ABS pattern is via OAM configuration. Therefore the pattern can be considered as more or less static over a given period. Due to the more constant nature of the pattern, broadcast signaling could be considered as an optimization. Even though the pattern can be broadcast, as explained above, only the UEs located close to the Femto cell (strong interference from femto cell) and who are not allowed in the Femto cell need to use the ABS pattern for CSI and RLM measurements. The use of the ABS pattern for CSI and RLM by a UE could be decided by the network and signaled to the UE via UE specific signaling (network control) or by a specifed set of rules such that the UEs autonomously decide the use of ABS pattern for CSI and RLM measurements (UE autonomous behavior). Out of the two possibilities, the network control method is preferred over the UE autonomous behavior considering the UE testing aspects. In addition the use of dedicated RRC signaling is also inline with the Proposal 1 above for Macro-Pico scenario.

Proposal 2: Dedicated RRC signaling is proposed for providing ABS information for CSI and RLM measurements by a RRC Connected Macro UE in Macro-Femto scenario.

3. Conclusion and Proposals
This contribution discusses RRC signaling support for providing ABS patterns to be used for CSI, RLM and RRM measurements by RRC Connected UEs located close to interfering cell. The following observations and proposals are made.

Observations:
Observation  1: ABS pattern has two components. First component delivered using first bit map is more dynamic than the second component delivered via the second bit map.
Observation 2: the designed RRC signaling support for delivering information about ABS pattern in Macro-Pico scenario could also be applicable to Macro-femto scenario without additional optimization in Rel-10.

Observation 3: Considering the modification frequency of the first bit-map, dedicated RRC signaling is preferred over broadcast signaling for providing ABS pattern used for CSI measurements in Pico cell.  

Observation 4: Considering the simplicity, dedicated RRC signaling is preferred over broadcast signaling for providing ABS pattern used for RLM measurements in Pico cell.  

Observation 5: both broadcast and dedicated RRC signaling are possible for providing ABS patterns to UE for use of RRM. Considering dedicated RRC signaling is preferred for providing ABS pattern for CSI and RLM, dedicated RRc signaling is slightly preferred for providing ABS for RRM.

Proposals:

Proposal 1: Dedicated RRC signaling is proposed for providing ABS information for CSI, RLM and RRM measurements in Macro-Pico scenario.

Proposal 2: Dedicated RRC signaling is proposed for providing ABS information for CSI and RLM  measurements by a RRC Connected Macro UE in Macro-Femto scenario.

In conclusion, if Idle mode enhancement w.r.t use of ABS pattern is not required in Rel-10, dedicated RRC signaling is proposed for signaling of ABS pattern to be used in RRM, RLM, CSI measurements.
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