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1. Introduction
In RAN1 72bis meeting, several candidate techniques were identified as the methods for interference avoidance and coordination for small cell. In RAN1 73 meeting, further candidates were discussed including small cell on/off, carrier selection, enhanced power control, enhancement of frequency domain power control and/or ABS to multi-cell scenario, load balancing/shifting (including cell association) and coordinated scheduling and beamforming with non-ideal backhaul [1]. Among them, techniques for EPDCCH interference coordination were discussed [2][3][4] and the chairman asked interested companies to identify clearly the specification impacts on X2 signaling and eNB/UE behaviour in RAN1 74 meeting. 

In this contribution, we share our consideration on potential solutions to interference coordination for EPDCCH in small cell deployment which is one of the important issues of enhanced frequency domain power control and discuss the corresponding specification impacts. 
2. Motivation for coordination of EPDCCH 
Legacy PDCCH occupies the first several symbols in each subframe. Assuming synchronization between neighbouring cells, since at least the first symbol of the PDCCH regions of all cells are overlapped with each other, it is quite difficult to efficiently avoid the inter-cell interference. It becomes severe in heterogeneous network. The PDCCH of pico cells suffers strong interference from that of macro cell especially in the CRE region. 

EPDCCH is introduced in Rel-11 to support frequency-domain ICIC of control channels as well as to support increased control channel capacity. EPDCCH is located in the legacy PDSCH region. Therefore, similar to frequency domain ICIC for PDSCH, different frequency resource, e.g. different sets of PRBs, could be allocated for EPDCCH of different cells. However, there is no particular mechanism designed to support such interference coordination for EPDCCH in Rel-11. 
In new small cell deployment, especially for dense deployment, the interference between PDSCHs, PDSCH and EPDCCH, and EPDCCHs is likely to be a limiting factor on performance. Since robust EPDCCH performance is a prerequisite for correct PDSCH reception or PUSCH transmission, it is desirable to introduce a new mechanism to support efficient interference coordination for EPDCCH. 
Observation 1: A new mechanism of interference coordination for EPDCCH is necessary to maximize performance for small cell deployments. 
3. Possible solutions for EPDCCH interference coordination 
Three possible solutions to support EPDCCH interference coordination are considered here. The information needed by a neighbour eNB to make a smart scheduling decision of EPDCCH to avoid excessive interference should be exchanged. In the following, we’ll discuss these solutions respectively. 

3.1 Solution1: Exchange of resource allocation information of EPDCCH
For EPDCCH monitoring, one or two EPDCCH-PRB-sets are configured for each UE. Meanwhile, the subframes in which the UE monitors EPDCCH UE-specific search spaces are also configured [5]. Though both PRB and Subframe Pattern are UE-specifically configured, it is more natural for an eNB to configure the same pattern or at least overlapped pattern for different UEs to improve the resource usage efficiency of EPDCCH and to avoid scheduling restriction of PDSCH. Thus, it is likely that the super set of all UEs’ EPDCCH PRB and Subframe Pattern of one small cell will not be too large considering that typically only a few active UEs are served by one small cell. 
It is straightforward to add new X2 signaling to inform one cell’s EPDCCH PRB and Subframe Pattern, for example, a bitmap for each PRB with 0 indicates no EPDCCH transmission while 1 indicates potential EPDCCH transmission and a bitmap for time information should be added to indicate in which subframes EPDCCH will be transmitted.
For specification simplicity, we could reuse the existing form of Relative Narrowband Tx Power (RNTP) with minor modification. Existing RNTP for PDSCH provides an indication on DL power restriction per PRB in a cell, i.e. it is used to inform the neighbouring eNBs if a cell is planning to keep the transmit power for the PRB below a certain upper limit (RNTP threshold) or not. Neighboring cells may take this information into account when scheduling their own users to avoid the interference, e.g. leaving corresponding PRBs empty. We could add a separate bitmap and threshold for EPDCCH. The meaning of bitmap value could be modified, i.e. 0 indicates no EPDCCH transmission while 1 indicates EPDCCH transmission with no promise on the threshold is given. Considering that EPDCCH could be power boosted to ensure the coverage of all UEs, whether the range of the existing RNTP threshold, particularly the maximum value of +3 dB, would be enough needs further investigation. On the other hand, the meaning of the bitmap is unchanged and by setting RNTP threshold for EPDCCH to -∞ dB, then a value 0 indicating ‘Tx not exceeding -∞ dB’ means no EPDCCH transmission on the corresponding PRBs at all. 
Existing RNTP does not provide time information. Therefore the EPDCCH subframe pattern should be added, which could take a similar form to existing ABS pattern information. 
3.2 Solution2: Exchange of multi-level power of PRBs

Instead of adding a separate bit string for EPDCCH to the existing RNTP IE, we could extend the number of levels of the existing RNTP bitmap to represent different transmit powers for EPDCCH and PDSCH PRBs. 
More powers may be allocated for EPDCCH compared with PDSCH because there is no HARQ operation of EPDCCH and BLER performance of control information is always more stringent. The two-level bitmap of existing RNTP is not sufficient for neighbouring eNBs to differentiate the PRBs with higher transmission power of EPDCCH and lower transmission power of PDSCH. It is proposed to add at least one more level of power indication together with at least one more threshold. For example, 
· RNTP per PRB: Each bit is associated with one PRB. It takes on one of the following values {0, 1, 2}. Value 0 indicates the promise of below RNTP threshold1, value 1 indicates the promise of below RNTP threshold 2 but not below RNTP threshold 1, and 2 indicates no promise of either RNTP threshold. 
· RNTP threshold 1, takes on one of the following values {-∞ , -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, +1, +2, +3} dB.

· RNTP threshold 2, takes on one of the following values {-∞ , -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, +1, +2, +3,…X} dB. The value of X is FFS.
In addition, similar to solution 1, time information of EPDCCH should be added, which could take a similar form to existing ABS pattern information.
Though the main purpose of extending the two-level power indication to multi-level power indication is to be able to differentiate the EPDCCH and PDSCH resources, it could be used more generally to indicate different expected transmission power levels for all possible DL channels. 
3.3 Solution 3: Exchange of multi-level interference of PRBs 
Different from transmission power indication by RNTP, an interference indication for each PRB would be a clear indication of the presence of higher than desired levels of interference (e.g. for EPDCCH) which may be derived from UE measurements or other observations. Considering the different performance requirements of EPDCCH and PDSCH, it is beneficial to indicate a multi-level interference preference to help receiving eNBs to differentiate the EPDCCH and PDSCH resource. For example, we could introduce three levels of relative narrow band interference power indication (RNIP), where value ‘0’ indicates low interference, ‘1’ indicates medium interference and ‘2’ indicates higher interference. The reasonable action of eNBs receiving the RNIP information would be try to avoid generating high downlink interference to PRBs indicated to already have higher than desired interference, e.g. leave these PRBs empty or to avoid transmitting EPDCCH especially to cell-edge UEs. 
Similar to solution 1 and 2, time information of EPDCCH should be added, which could take a similar form to existing ABS pattern information.
Though the main purpose of introducing the multi-level interference indication here is to allow differentiation of the EPDCCH and PDSCH resources, it could also be used more generally as the reference for the coordination of PDSCHs. 
4. Conclusions

Comparing the three solutions proposed above, we slightly prefer the 2nd and 3rd solutions considering multi-level power/interference indication could support more general interference coordination cases in addition to EPDCCH interference coordination.  
For all the solutions proposed above, they are much related to X2 signaling but have no UE impacts. As for the reaction of the eNB in case of receiving an indication of potential EPDCCH PRBs or higher transmit power PRBs, or higher interference PRBs in a neighbouring cell, it seems unnecessary to standardize eNB behaviour. 
In the contribution, we analyzed the motivation for EPDCCH interference coordination. Based on that, we propose three possible solutions,

· Exchange of resource allocation information of EPDCCH
· Exchange of multi-level transmitted power of PRBs
· Exchange of multi-level interference preference of PRBs.

All of these solutions are related to X2 signaling, but have no impact on UE and eNB behaviour. We propose,  
Proposal 1: To support EPDCCH interference coordination, we slightly prefer to extend the RNTP concept from two-level to multi-level transmit power/interference preference indication. 
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