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1 Introduction
In RAN1 #74, companies have shown strong interests on studying other interference avoidance and coordination mechanisms in small cell enhancements [1]. In this contribution, we repeat the benefits we have identified to define interference coordination schemes for EPDCCH and suggest including it to the scope of SCE WI. Compared with other techniques such as 256QAM, the benefits of EPDCCH ICIC is more tangible in real networks after considering practical implementation loss and the required specification change is minimal.
PRB pair based inter-cell interference coordination (ICIC) is already supported for PDSCH in Rel. 8, but ICIC support for EPDCCH is unavailable. In RAN1 #73, several contributions [2] [3] [4] suggested enhancing the frequency domain power control and interference coordination for EPDCCH. Noticeable differences between EPDCCH and PDSCH are:
1) More stringent QoS target for EPDCCH than PDSCH

2) Different physical layer structures in EPDCCH and PDSCH
3) Different impact on neighbour cells’ PDSCH demodulation
It is noticed that the EPDCCH ICIC is suitable especially for dense small cell scenarios 2a [5]. In such a scenario, the macro layer provides a basic large coverage and the Pico layer is used to boost the capacity of each individual small area. The control channel of the Pico layer has a smaller but more critical pay load than that of the macro layer. The reason is that Pico node only covers a small area with fewer active UEs and most of the time one DCI allocates large amount of resources, e.g. the whole system bandwidth.
It was agreed that we need to “identify clearly the specification impacts on X2 signaling and eNB/UE behavior until RAN1#74” for EPDCCH ICIC. This contribution provides our view on the specification impact on X2 signalling and the corresponding eNB/UE behaviour.
2 EPDCCH ICIC in SCE
Unlike PDSCH that has HARQ operatoin and dedicated CSI feedback, EPDCCH has to meet a stringent QoS target, e.g. BLER < 1%, per transmission without HARQ and dedicated CSI feedback support. Due to the FDM nature of EPDCCH and PDSCH, EPDCCH can be interferred by neighbor cells’ EPDCCH or PDSCH randomly. Although eNB can perform a fast link adaptation for EPDCCH using multiple aggregation levels, it is more realistic to use a conservative aggregation level designed for a strong interference. In this way, the strigent EPDCCH QoS target can be met in the presence of the random interference, because most of the interference instances i.e. 99% are weaker than the target SINR, which the conservative aggregation level is designed for.
In addition to the aggregation level selection, it is of interest which  oprations, i.e. distributed or localized EPDCCH, is more suitable for small cell enviorements. Compared to the localized EPDCCH, the distributed EPDCCH is more robust due to frequency diversity, spatial diversity, and imunity to PMI error in the uplink. Furthermore, since the performance degration is higher when the grant for a large PDSCH allocation is lost, the distributed EPDCCH is more suitable for small cell environments. It was decided in Rel. 11 that the same search space equation as for localized EPDCCH set is used for the distributed EPDCCH set. The original motivation to reuse the localized search space equation is to minimize the inter blocking between distributed blind decoding candidates and the localized blind decoding ones when both sets are partillay overlapped. We notice that reusing the localized equation can also help coordinating inter-cell interference. Interference coordination can be achieved as follows. Different cells can use differents EREG groups for their EPDCCHs whenever it is feasible. As a result, the EPDCCHs are sent over orthogonal resources and thus don’t interfere each other. Within one RB, reusing the localized equation for the distributed allocation reduces the spread of the distributed EPDCCH REs down to one EREG group so that the remaining EREG groups can be used by the adjacent cells without causing interferences.. This idea can be explained in Figure 1. In this example, two neighboring cells are each configured with one distributed EPDCCH set with 4 PRB pairs. Since the distributed search space equation maps different blind decoding candidates into different EREG groups within each PRB pair, the two cells can coordinate with each other such that they use EREG groups in different orders. As shown in Figure 1, cell A uses the green EREG group first and then the red. In contrast, cell B uses the red first and then the green. When the control load is low, the two cells uses two orthogonal resource sets in green and red, respectively without interferences. When the control load is high, the cells can still uses the resoureces prefered by the other cell. . Since no additional resources are required, the interference coordination at EREG group level comes for free when the the control load is low. And the PRB pair level interference coordination can still be used when the control load becomes high. Finally, the EPDCCH blocking probability would not increase because eNB can still allocate EPDCCH to non-preferred EREG groups when all the preferred EREG groups are used up. To enable the coordination, we make the first proposal:
Proposal 1: Define X2 signalling to support EPDCCH interference coordination in the granularity of one EREG group.

[image: image1.emf]1

R

B

EREG group

Cell A Cell B

Preferred EREG group of cell B

Preferred EREG group of cell A

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

1

R

B

EREG group

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG

REG


Figure 1: ICIC for distributed EPDCCH set.
3 System Level Evaluations of EPDCCH ICIC
In this section, we present the decoding SINR improvements achieved from EPDCCH ICIC techniques using SCE scenario 2a where Macro and Pico cells are on different carriers. One cluster of 10 Pico nodes and 30 UEs are dropped per Macro area. In the evaluation, each randomly droped Pico node has configured one distributed EPDCCH set for all its served UEs. All the Pico nodes configure the same four PRB pairs for the distributed EPDCCH set. The aggregation level for each UE is set at the beginning of the simulations using the UE’s geometry and remains unchanged throughout the simulaitons. At each subframe, eNB transmits EPDCCH to the scheduled UE using the UE-specific search space. In the baseline scheme without ICIC, the eNB would select the first candidate in UE’s search space as long as it is not used by other UEs. In the scheme with ICIC, we enable reuse 3 for the first three EREG groups when control load is low. Four EREG groups are shared by all cells. Each Pico eNB would pick one of the first three EREG groups as its first priority group and uses it for EPDCCH transmission with the first priority. The fourth EREG group is used as the second priority group and is used to transmit EPDCCH if the eNB’s first priority EREG group is not available. The eNB uses the other two less-preferred EREG groups that are the first priority groups of other eNBs only if the two prioiritized EREG groups can not be used. At each EPDCCH tranmsisison, we record one EPDCCH decoding SINR. At the end of simulation, each UE, if it has traffic during the simulation, provides its own EPDCCH decoding SINR CDF. We then create a system wide EPDCCH decoding SINR CDF by using the 5%-ile decoding SINR in all UEs’ EPDCCH decoding SINR CDF. 
Figure 2 plots the medium EPDCCH decoding SINR of the system wide SINR CDF VS. FTP traffic load. In order to increase the control channel load with traffic load, we use PUSCH 3-1 based subband CSI reporting. It is worth noticing that the control load does not increase with traffic load linearly. At low traffic load region, where e.g. 2-8 500k bytes packet are dropped per Macro area every second, the EPDCCH decoding SINR decreases quickly. And in this region, EPDCCH ICIC can improve the EPDCCH decoding SINR by roughly 2dB. On the other hand, when the traffic load increases to more than 10 packets per second, the EPDCCH ICIC improvement of the decoding SINR also eventurally saturates at 0.75dB. And further increasing the traffic load does not necessarily increase the control load and decrease the EPDCCH ICIC benefits.
In summary, we make the observation from the system level evaluations:
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Figure 2: EPDCCH decoding SINR VS. FTP traffic load for all Pico UEs
Observation 1: At low traffic load and high traffic load, EPDCCH ICIC can achieve roughly 2dB and 0.75dB SINR gain respectively.
4 eNB/UE Behavior
In Rel. 11, MMSE-IRC receiver has attracted great attention in RAN4 as the Rel. 11 UE baseline receiver. The key addition of the MMSE-IRC receiver to the MMSE receiver is the accurate reconstruction of the interference covariance matrix. One typical implementation is to measure interference covariance matrix from UERS. This implementation assumes that the PDSCH REs would experience the same interference covariance matrix as the UERSs. But this assumption does not hold if the major interference on PDSCH comes from neighbor cells’ EPDCCH due to different UERS association design in EPDCCH and partially loaded EPDCCH PRB pairs. This can be illustrated by Figure 3. In this example, one PDSCH PRB pair is overlapping with one EPDCCH PRB pair in the neighboring cell. eNB on the right schedules a UE with rank one PDSCH transmission on UERS port 7 and the neighboring cell on the left is transmitting two localized ECCEs with DMRS port 7 and 8. It can be seen that if UE applies the interference measurement using UERS port 7, the measured interference is the sum of two interferences i.e. DMRS port 7 and 8 of the interfering cell.  However, the actual interference on the PDSCH is from either port 7 or 8 not both. If UE applies the measured interference covariance matrix to the MMSE-IRC receiver for decoding each of the data RE, the measured covariance matrix does not match with the interference statistics on any of the data RE. Thus UE would have to use an interference unaware receiver for this special PRB pair or design a special interference measurement algorithm for those special PRB pairs. For enabling correct interference measurement at the UE, the serving eNB may collect neighboring cells’ EPDCCH PRB configurations and inform its serving UEs which PRB pairs the UE should expect EPDCCH interference instead of PDSCH interference. In summary, we make the second proposal:
Proposal 2: Define eNB signaling to inform UEs the PRB pairs affected by the neighboring cells’ EPDCCH PRB pairs.
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Figure 3: EPDCCH to PDSCH interference.
5 Conclusion
In this contribution we discussed the benefit of coordinating inter-cell interference for EPDCCH in the granularity of one EREG group. In addition, we also discussed the benefits of indicating to UEs the EPDCCH PRB pairs used by its neighboring cells. This information enables UE to differentiate the interferences caused by PDSCH and EPDCCH and then mitigate them accordingly. Compared with other techniques like 256QAM, the benefits of EPDCCH ICIC is more tangible after considering practical implementation loss. We can summarize our proposals as below:
Proposal 0: Include other interferece coordination and avoidence techniques in the scope of SCE WI.
Proposal 1: Define X2 signalling to support EPDCCH interference coordination in the granularity of one EREG group.
Proposal 2: Define eNB signaling to inform UEs the PRB pairs affected by the neighboring cells’ EPDCCH PRB pairs.
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