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1 Introduction

Time domain eICIC enables time coordination of subframe utilization across different cells via X2 backhaul signalling. The subframe utilization is expressed in terms of a time domain pattern of low interference subframes or ‘low interference transmit pattern’. More specifically these are called Almost Blank Subframe (ABS) patterns. The Almost Blank Subframes (ABSs) are configured in an aggressor cell (e.g. macro cell) and are used to protect resources in subframes in the victim cell (e.g. pico cell) receiving strong inter-cell interference. 

ABSs are subframes configured in an aggressor cell with reduced transmit power or no transmission power and/or reduced activity on some of the physical channels (see TS 36.300). In an ABS subframe the basic common physical signals and physical channels such as CRS, PSS/SSS, PBCH, paging and SIB1 are transmitted to ensure the operation of the legacy UEs. 
In the context of eICIC it was agreed that measurements should be taken by the UE on specific subframes. 
For this reason, in Release 10 it was first agreed to signal to the UE a set of IEs, to help the UE performing measurements according to performance and core requirements. These IEs are signalled by the serving eNB via RRC.

The first two IEs agreed were the neighCellConfig IE and the measSubframePatternNeigh IE (defined in TS36.331). 
The neighCellConfig IE provides limited information related to MBSFN and TDD UL/DL configuration of neighbour cells on the carrier frequency in use. Depending on the values assigned to it, the 2-bit information informs the UE that:

· 00: Not all neighbour cells have the same MBSFN subframe allocation as the serving cell on this frequency, if configured, and as the PCell otherwise

· 10: The MBSFN subframe allocations of all neighbour cells are identical to or subsets of that in the serving cell on this frequency, if configured, and of that in the PCell otherwise

· 01: No MBSFN subframes are present in all neighbour cells

· 11: Different UL/DL allocation in neighbouring cells for TDD compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise

The measSubframePatternNeigh IE represents the ‘time domain measurement resource restriction pattern’ applicable for doing RSRP and RSRQ measurements in a neighbour cell on the indicated carrier frequency (i.e. Pattern 2, as defined in TS36.331). Note that the UE might be configured with other patterns, e.g. Pattern 1 and Pattern 3, but these patterns are per UE patterns for measuring the serving PCell.
It has also been specified that the UE shall assume that the subframes indicated by measSubframePatternNeigh are non-MBSFN subframes, namely that the subframes included in the measSubframePatternNeigh IE carry CRS signals on all possible symbols (rather than on first symbol only, as in the case of MBSFN subframes).
With the neighCellConfig IE and the measSubframePatternNeigh IE it is possible to indicate to a UE what MBSFN configuration neighbour cells have and what pattern to use to measure neighbour cells. However, this configuration is not enough to guarantee measurements according to core and performance requirements. 
An example of how neighCellConfig IE and the measSubframePatternNeigh IE are not sufficient to collect eICIC measurements is shown in Figure 1.
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Figure 1: Example of wrong measurement configuration under neighCellConfig == “00”
In Figure 1 a UE is served by Pico Cell 1. Due to different MBSFN configuration between neighbour cells, Pico eNB1 sends to the UE a neighCellConfig == “00”. Pico eNB1 also sends to the UE a measSubframePatternNeigh == [0, 3, 9]. This is because this pattern might suite measurements for Cell3. However, the pattern is not suitable for Cell2, where subframe 3 is used as MBSFN. In this case the UE will try to measure CRSs on all possible symbols for subframe 3 of Cell 2. The latter will incur in wrong measurements as Cell 2 only signals CRS in the first available symbol of subframe 3.

The condition explained in Figure 1 is why the measSubframeCellList IE was introduced in TS36.331. This IE lists all the cells for which the UE shall perform eICIC measurements on the pattern represented in measSubframePatternNeigh IE. 

Therefore, with the set of measSubframeCellList IE and measSubframePatternNeigh IE, the srving eNB should be able to configure a UE in a way to correctly perform eICIC measurements on neighbour cells (i.e. measurements in Cell Range Extended areas with potentially high interference). 
2 Problem with the Existing Solution
The existing solution is subject to technical drawbacks that were not identified during the course of Release 10. This is because the need of introducing the measSubframeCellList IE was only identified and agreed during the course of Release 11.  
In fact, the correct configuration of the measSubframeCellList IE and measSubframePatternNeigh IE assumes that a serving eNB knows two pieces of information concerning its neighbour cells:
1) The neighbour cell’s MBSFN configuration:
This information is needed to prevent including in the measSubframePatternNeigh IE subframes used as MBSFN by cells in the measSubframeCellList IE.

2) The pattern of neighbour cell’s usable ABSs 
This information is needed to meet RAN4 requirements in TS 36.133, where the measurement pattern indicated to the UE has to be made of subframes free from interference, where measurements in CRE areas up to 9dBs can be performed.
The first piece of information is known by the serving eNB by means of X2 signalling.
The second piece of information is not known by neighbour eNBs. This is because the Usable ABS Pattern IE is only signalled victim cell to aggressor cell, upon allocation of ABS from aggressor to victim.

Without the two pieces of information listed above measSubframeCellList IE and measSubframePatternNeigh IE cannot be properly configured for measurements on neighbour cells. 

With respect to Figure 2 below two scenarios can be identified where neighbour cell measurements for eICIC cannot be correctly configured
Scenario 1: UE_2, served by Macro_2, is also close to Pico_12. UE_2 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) and neighbour cell list (measSubframeCellList) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target. However, Macro 2 does not know what Usable ABS Pattern Pico_12 is adopting.

Scenario 2: UE_3, served by Pico_11, is also close to Pico_12. UE_3 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) and neighbour cell list (measSubframeCellList) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target. However, Pico_11 does not know what Usable ABS Pattern Pico_12 is adopting.
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Figure 2: HetNet deployment example
Observation 1: in order to appropriately configure measSubframeCellList and measSubframePatternNeigh for the purpose of eICIC measurements, an eNB needs to know the Usable ABS Pattern of its neighbour cells, i.e. the pattern of protected resources used by them
3 Proposed solution
It was explained above how an eNB needs to know the protected resource patterns utilised by its neighbour cells in order to correctly configure the measSubframePatternNeigh and measSubframeCellList parameters.
The Usable ABS Pattern Info IE only represents the usable protected subframes out of those allocated by a single aggressor. As already explained however, it is needed that the whole set of protected subframes usable by a cell is signalled to all its neighbour eNBs, in order to allow a serving eNB to opportunely configure the measSubframePatternNeigh.
Therefore, the information carried in the ABS Status IE would need to be enhanced in order to represent the overall pattern of protected subframes used by a certain cell and not the pattern of used protected subframes out of those allocated by a single aggressor. Further, the ABS Status IE shall be exchanged between all X2 connected neighbours, in order to propagate information about usable ABSs at neighbour cell.
Hence, the proposed solution is to allow the exchange of the ABS Status IE between any neighbour eNB, where the ABS Status IE can be enhanced to include all utilised protected subframes. 
The above proposal translates in two changes: 

1) To enable RESOURCE STATUS UPDATE signalling including the ABS Status IE between X2 connected nodes that were not previously involved in a request and allocation of ABS patterns.

2) To enable the ABS Status IE to carry information concerning all protected subframes used by the eNB generating the message

By enabling exchange of such enhanced ABS Status IE between any X2 connected node an eNB would be able to learn the usable protected subframes available at its neighbour cells. 
This information will give a serving eNB full view of possible measurement subframe patterns and CRS configuration per subframe for all X2 connected neighbour cells.  

Proposal1: To enhance the information carried in the ABS Status IE in order to make them include all the usable protected subframes for the cell in the eNB sending the RESOURCE STATUS UPDATE message.
Proposal2: To enable RESOURCE STATUS UPDATE signalling including the ABS Status IE between X2 connected nodes not involved in request and allocation of ABS patterns.
The solution proposed above is achievable by minimum stage 2 changes to TS36.423 and by changes to the ABS Status IE. In particular, for Stage 2 the only change needed is to allow the X2: RESOURCE STATUS UPDATE message to contain the ABS Status IE irrespective of whether the receiving node is the aggressor eNB or not.
For the enhancements of the ABS Status IE two possible ways forward are foreseen: 

1) To modify the existing Usable ABS Pattern Info IE in a way that it includes all usable protected subframes. However, it is acknowledged that this change would alter the way the ABS utilization is calculated at aggressor node.
2) To add to a new IE in the ABS Status IE, where all usable protected subframes are reported
Two sets of CRs have been provided in [1] and [2], where both the options for ABS Status IE changes have been captured
4 Conclusions

In this contribution it was explained how recent (and late) changes to Release 10 demand for the configuration of a neighbour cell list and protected measurement patterns for a UE that needs to measure neighbour cells in an HetNet deployment.
It was explained how an eNB that needs to correctly configure such neighbour cell list and protected measurement patterns needs to know the usable protected pattern resources of neighbour cells. However, it is currently not possible to exchange information about usable protected pattern resources between all X2 connected neighbours. 

To obviate this problem the following is proposed:

Proposal1: To enhance the information carried in the ABS Status IE in order to make them include all the usable protected subframes for cell in the eNB sending the RESOURCE STATUS UPDATE message.
Proposal2: To enable RESOURCE STATUS UPDATE signalling including the ABS Status IE between X2 connected nodes not involved in request and allocation of ABS patterns.
The changes needed to enable this solution are minimal and limited to stage 2. The changes were outlined in section 3 and are captured in [1] and [2]. It is proposed to agree to these changes.
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