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1 Introduction 
A time domain approach based on the Rel-8/9 X2 interface has been agreed as one of the baseline approaches [1] for Macro-Femto and Macro-Pico co-channel interference coordination.  The enhancements needed to the existing Release 8/9 backhaul are the focus of this contribution. We outline our view on the information to be included in the LS to RAN2, RAN3 and RAN4 on the time domain approach.
(Note that for the Macro-Femto scenario, backhaul-based coordination has been excluded and hence it is necessary to rely on static coordination and other complementary techniques such as autonomous HeNB power setting. We propose a way forward needed for the Macro-Femto case in [2]. 
Throughout this contribution, the terminology “blank subframe” is used to represent either almost blank subframe (as introduced in our contribution [4]) or MBSFN subframe. 

2 Subframe Time Partitioning Coordination & X2 Enhancements 
In [3], the performance of coordinated use of blank subframes was evaluated for Case 1 and Configuration 1. The results showed the expected improvement in UE throughput at the victim eNB and loss of throughput at the small cell where the blank subframes are implemented. In the latter, the worst performance is when the half the subframes are blanked.  

Our study in [3] has thus highlighted the importance of choosing the right number of subframes to be blanked. The number of subframes to be blanked depends on the level of need for such blanking in the first place i.e. whether there are UEs in other cells suffering severe interference, and how extensive is the problem. Before the macro eNB or Pico can optimally decide on the number of blank subframes, feedback giving interference information from these victim UEs is needed. Currently this information is not available and proprietary implementation is being relied on.    

X2 defines the logical interface between two eNBs. The current X2 interface allows for a cell-distributed scheduling algorithm implementation based on the following messages:

· The UL Interference Overload (UL-IO) that indicates per resource block, the interference level experienced by the sending cell. 

· The UL High Interference Indication (UL-HII) that indicates per resource block, the occurrence of high interference sensitivity, as seen from the sending cell. 

· The Relative Narrowband Tx Power (DL-RNTP) that indicates per resource block in the frequency domain, whether the downlink transmission power is lower than the value indicated by the RNTP threshold value. 

The X2 interface is constrained by the fact that it operates between one eNB and another eNB, so that the coordination of the blank subframe(s) has to be performed across all one-to-one X2 links between the eNBs.  In addition, both latency and capacity of the X2 interface for the transfer of data and coordination signaling need be taken into account. Such constraints of the X2 interface should be minimized and serve as guidance in considering the enhancements. 
3 Proposals
In view of the above challenges and limitations of the current X2 interface, we make the following observations and proposals for the X2 interface enhancements for Release 10:

· Requirements:

· Support of predefined blank subframe patterns as baseline, and the number of blank subframe patterns should be minimised 
· The blank subframe pattern can be varied semi-statically through X2 coordination between the MeNB and the Pico
· In the absence of any X2 signalling, an eNB cannot assume that there are any blank subframes in neighbour cells

· Implementation of the signalled blanked subframe at the recipient eNB is Optional. The recipient eNB can override the recommended number of blanked subframes

· Additional signalling over X2 to enable and assist the scheduling at the recipient eNB is FFS
· The maximum update rate of the signalling should be not faster than for the RNTP signalling, in order to avoid imposing a heavy load on the X2 interface. 
· Keep existing Release 8/9 X2 RNTP, HII and IO definition unchanged. A new IE to indicate the Almost Blank Subframe pattern over X2AP is preferred

· A bit-map can be used to indicate the Almost Blank Subframe pattern, but only a limited set of patterns will be valid in Rel-10

· In Rel-10, not more than one pattern is to be defined with a given number of blank subframes (we do not see a strong motivation for multiple patterns with the same number of blank subframes).
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