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1
Introduction
According to the Rel-12 eCoMP Work Item description, the following is listed as part of the objectives (note that only part of the text for the work item objectives is listed here):

· RAN3 to specify signalling of information to be identified by RAN1, for example:

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· Indication of resource coordination result or resource coordination request

· Determine whether the above signalling shall be introduced to the X2 interface, or on a new interface if it cannot be supported by X2.
· The detailed specification shall take other work items addressing LTE into account.
Within the scope of this work item, we propose to have included X2 signaling to facilitate simple, yet efficient, inter-eNB EPDCCH coordination for improved system performance. As will be shown, the inter-eNB EPDCCH coordination can be realized the similar way as PDSCH coordination by introducing new Information Elements for the existing X2 procedures that can be regarded as enhanced RNTP and ABS information variants. Notice also that what is proposed in this contribution is in alignment with findings from the Rel-12 Study Item of small cell physical layer enhancements in [1]; see Section 6.1.3.2 entitled “Enhancement of EPDCCH for small cell deployments”, where the following proposals are captured:
The identified signalling messages between eNBs to support the inter-cell-interference coordination enhancement for EPDCCH are the followings. One or the combination of the listed inter-cell-interference coordination messages could be conveyed by OAM configuration/DL HII(High interference indication)/enhanced RNTP signalling/Load Indication procedure:
· Exchange between eNBs of resource allocation information of EPDCCH

· Indication of the PRB resources for EPDCCH transmission

· Indication of preferred EREG groups for EPDCCH transmission

· Exchange between eNBs of time-domain resource allocation information of EPDCCH

· Indication of the time instants that are configured for EPDCCH transmission

· Exchange between eNBs of multi-level transmitted power of PRBs

· Indication of different transmission powers for EPDCCH and PDSCH PRBs 

· Exchange between eNBs of multi-level interference preference of PRBs

· Indicate the interference sensitivity level of the PRBs, which would be useful for other eNBs to perform scheduling with this interference sensitivity of neighbor eNBs

· Exchange between eNBs of a separate set of PRBs used for sensitive data protection (e.g., EPDCCH)
· Indication of a set of PRBs with low power for a relatively long time
· For any possible further study it is important to consider the tradeoffs of EPDCCH ICIC techniques and overall network spectral efficiency and possible implications on feedback design


As the above listed findings are relevant for the eCoMP Work Item, we suggest that those are taken into account in this paper.
The rest of the contribution is organized as follows: In Section 2 we further motivate the need for inter-eNB EPDCCH coordination, while high-level proposals for such coordination are outlined in Section 3. In Section 4 we provide more details on how signalling for inter-eNB EPDCCH coordination could be captured in X2 specifications with only minor revisions (subject to further discussions with RAN WG3). Concluding remarks are provided in Section 5.
2
Inter-eNB coordination needs for EPDCCH
When the enhanced PDCCH (EPDCCH) was standardized during Rel-11, the work focused on facilitating the control and configuration of the EPDCCH, such that a UE connected to a cell could be configured to use the EPDCCH. The configuration of the EPDCCH is handled through RRC signalling [3], and is configured by the EPDCCH-Config IE, which from an RRM point of view basically contains information on in which subframes the EPDCCH is active (basically using the same subframe pattern signalling method as we have for TDM eICIC), and which resource blocks are assigned for each EPDCCH set for the UE specific search space to a given UE.
In a normal configuration for a Rel’11 cell, there would typically be a number of resources that are pre-reserved and relevant for cell-specific information. These resources could be for instance is reserved for system information broadcast, RRC messages or EPDCCH configured UEs. Due to the different error rate requirements and different packet error control mechanisms for the EPDCCH and the PDSCH, the EPDCCH can in general be seen as more senstitive than the PDSCH. For the PDSCH, the HARQ operation will be able to recover any link adaptation errors that may occur due to SINR variations and low availability of channel quality information. For the EPDCCH, a lost DCI results in a lost PDSCH reception or a missed PUSCH transmission. In another words, EPDCCH is more sensitive to unexpected interference than PDSCH. 

Similar as Rel.11 eCoMP, there was no standardized signaling available for coordinating the EPDCCH resources utilization for different cells. In order to resist possible dominated interference, scheduler typically has to use more conservative transmission format on EPDCCH which means much lower transmission efficiency. If coordinated scheduling can be introduced to cover EPDCCH as well, scheduler can obtain some certain concrete information about the presence (or absence, e.g. muting) of domindated interference thus it can have more accurate estimation on the transmission format. Therefore we propose to extend eCoMP signalling to cover both PDSCH and EPDCCH. 
Proposal: the signaling design for inter-eNB coordination should include support for both EPDCCH and PDSCH.
3. Suggested solutions for coordinating
It is proposed to consider the following two options for inter-eNB coordination of EPDCCH resource allocation:

1. eNB A should be able announce the planned transmission power of a certain time-frequency domain resource pattern to neighboring eNB B.

2. eNB A should be able to announce to neighboring eNB B on which time-frequency domain transmission resources it plans to transmit EPDDCH transmissions that are particular sensitive to neighbour cell interference. We refer to this as signalling of interference preferences for EPDCCH.
Hence, both of these options can be considered as proactive interference coordination methods, where eNB A offers information to eNB B that can be used for improving the EPDCCH performance. The two considered options are outlined in more details in the following two subsections. 
3.1 Announcing planned EPDCCH transmission resource pattern
In this approach, the X2 signaling could take the form similar to what we already have in the RNTP Information Element (IE). The structure of the current RNTP signalling is such that the IE contains information on the following:
· A bit map for the PRBs that are power limited according to a threshold (a promise to other eNBs).

· The maximum TX power threshold that will be obeyed for the indicated PRBs.

· Number of cell specific antenna ports, P_B (indicative of data to reference symbol power ratio) and the predicted PDCCH interference impact (the predicted size of the PDCCH).

It should be noted that the RNTP IE contains only frequency information, and no explicit time-domain information. However, the EPDCCH configuration as defined by the RRC signalling also contains a time variable component (as the UE can be configured to monitor the EPDCCH only in certain subframes). Hence, for supporting efficient inter-eNB EPDCCH coordination, the signalling should include information of the time and frequency resources that an eNB plans on using for EPDCCH transmission. For this purpose, it is proposed to combine usage of RNTP IE and ABS Information IE [4] as follows: 

· A bit map indicating the PRB pairs that are configured for EPDCCH transmission, and

· A corresponding bit map indicating the time instants when the EPDCCH is transmitted (40 bits for FDD mode and 60 or 70 bits for TDD mode if adopting the same principles as used for ABS).
In order to define new IE to define X2 signaling for allowing eNB A to announce the planned transmission power of a certain resource pattern for EPDCCH transmission to a neighboring eNB B as illustrated in Fig. 1. eNB B will use the information provided by eNB A to prioritize scheduling on resources not used by eNB A for EPDDCH transmission when possible.
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Fig. 1: eNB A announces the planned transmission power of a certain resource pattern to neighboring eNB B.

3.2  Announcing EPDCCH interference preference
The second option for facilitating inter-eNB EPDCCH coordination is signalling exchange of interference preference information between cells. In order to keep such signal simple, yet sufficiently beneficial, we propose to have interference preference quantified to three levels as follows:

· Highly sensitive resources – expecting low interference from neighboring cell(s): These resources would typically be limited to the most essential transmissions from an eNB – that is, the transmission of control channels that are crucial for the baseline operation of the system. One example for this could be EPDCCH transmissions or even limited to common search space for the EPDCCH (in case this is standardized at some point).

· Medium sensitive resources – some interference could be tolerated, but preference is to have as little interference as possible: These resources would be for “important data”, which are not as crucial as the sensitive data. Examples of eNB traffic that could fall into this category could be part of the UE specific search space of the EPDCCH and high priority and delay-intolerant PDSCH traffic (for instance RRC signalling carried on the PDSCH).

· Low sensitive resources – no preference for interference scenario: This would be applicable to normal scheduled PDSCH data where the delay requirements are such that the normal HARQ and ARQ mechanisms of the system will be able to recover any lost data transmission.

One possible structure facilitating inter-eNB signalling of interference preference for certain transmission resources is the following:
· A multi-level bit map on a PRB level indicating the interference preference for each PRB pair, and

· A bit map indicating the time instants when the information is valid

It should be noted that the signaling of the interference preference is different from the current RNTP in the sense that these values would be used to indicate to other eNBs how they should preferably perform scheduling (resource allocation), while the RNTP indicates the expected transmission power to be used on the different PRBs.
Fig. 2 and Fig. 3 shows examples where eNB A signals interference preference for certain transmission resource pattern to eNB B. Upon reception of such information from eNB A, eNB B will prioritize it scheduling of downlink transmissions to avoid transmission on resources where eNB A have indicated “high sensitivity”, while still allowing e.g. transmission on resources with “Medium sensitivity” with reduced power. As illustrated with the example in Fig. 3, the inter-eNB signalling of interference preference is not restricted to EPDCCH, but can also be provide benefits for PDSCH.
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Fig. 2: eNB A announces the planned transmission power of a certain resource pattern to neighboring eNB B.
[image: image3.emf]PDCCH

EPDCCH –Medium sensitivity

EPDCCH –High sensitive

PDCCH

Try to avoid

Try to block usage

PDSCH –High sensitive Try to block usage

Annoucing

Interference

preference


Fig. 3: eNB A announces the planned transmission power of a certain resource pattern to neighboring eNB B.
Example performance results are presented in Annex A to iullustrate the EPDCCH performance benefits.

4. A common X2 signaling design to support coordinated scheduling on ePDCCH and PDSCH
[5] gives our view on inter-eNB signalling design, where an abstracted cell specific benefit metric is proposed to quantify the benefit obtained by one the requesting eNB from the muting of receiving eNB on a particular PRB. It is very similar to “interference preference” described in section.3. Typically “high interference sensitivity” means large benefit metric (more benefit can be obtained by the requesting eNB if the receiving eNB muted). In contrast, low interference sensitivity means low benefit metric. As said in [5], benefit metric is an abstracted metric to fit different QoS. Since EPDCCH is more sensitive to unexpected interference, it is possible that eNB can generate larger value on benefit metric of EPDCCH PRBs to make the receiving eNB more like to mute. Therefore it could be considered as an implicit announcing on EPDCCH PRBs as described in section 3.1. 
Proposal: Cell Specific Benefit metric can be used to exchange the interference preference information to make muting decision on EPDCCH PRBs.

Also, our understanding is that the proposals in Sections 3.1 can be supported by adding new information elements to existing X2 procedures such as e.g.  LOAD INFORMATION. For ePDCCH coordination purpose, there is no need to have very accurate quantization, a simple way is to quantize the benefit metric into 3 levels: enumerated as; High sensitive, Medium sensitive, and Low sensitive. Addtionally, the signaling needs to include both time (subframe resolution) and frequency (PRB resolution) could follow similar prinples as for ABS and RNTP, respectively; i.e. definining the time-domain resource pattern with periodicity of 40 subframes for FDD (and up to 70 subframes for TDD).
5. Conclusion
In this contribution we have proposed simple, yet efficient, inter-eNB information exchange to facilitate inter-cell coordination of EPDCCH resource allocation. In particular, the following is proposed:

1. eNB A should be able to announce the planned transmission power of a certain time-frequency domain resource pattern to neighboring eNB B.

2. eNB A should be able to announce to neighboring eNB B on which time-frequency domain transmission resources it plans to transmit EPDDCH transmissions that are particular sensitive to neighbour cell interference. We refer to this as signalling of interference preferences for EPDCCH.

3. Cell Specific Benefit metric can be used to exchange the interference preference information to make muting decision on EPDCCH PRBs.

It is recommended that RAN1 writes LS to RAN3 with the above listed three proposals to have that Working Group further analyze how such inter-eNB signalling could be embedded in the X2 specifications.
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Annex A: Evaluation of performance of EPDCCH inter-cell 
     interference coordination

In order to evaluate the potential impact of interference coordination, we have set up a relative simple simulation scenario, where a number of physical resources have been pre-reserved for general EPDCCH usage, and only a fraction of these are used for actual EPDCCH transmission in each cell. The unused resources will cause the EPDCCH transmissions from other cells to experience significantly lower interference levels. The principle is shown in Fig. 4.

[image: image4.emf]ePDCCH for sectori

ePDCCH for sectori

ePDCCH for sectori

ePDCCH for sectori

ePDCCH for sectori

ePDCCH for sectori+1

ePDCCH for sectori+1

ePDCCH for sectori+1

ePDCCH for sectori+2

ePDCCH for sectori+2

ePDCCH for sectori+2

ePDCCH for sectori+2

Sector i Sector i+1 Sector i+2


Fig.4: Illustration of the coordination principle for EPDCCH between cells and sectors. The actively used resources in a given cell are marked with yellow, while the muted resources (for assisting other neighboring cells) are shown in yellow.

Evaluating the potential gain for the EPDCCH of the coordination mechanism, we have measured the experienced SINR for the EPDCCH for a scenario with 19 cell sites and three sectors per site. The geometry of the cells was according to the 3GPP case 1 definitions for the macro evaluation, and we have used configuration 4b (4 picos per sector and 30 users per macro area) for the HetNet evaluations. The SINR distributions for these scenarios are shown in Fig. 5, where it is seen that there is a consistent and significant gain in the expecienced EPDCCH SINR for both evaluated scenarios. This means that even that EPDCCH interference coordination could be justified by small cell improvements, there is also some significant value of such a feature when considering the general marco layout. As can be seen from Fig. 5, the potential EPDCCH SINR improvement would range from 3-5 dB both on the median level and on the 5% outage level. When considering this potential gain, we should remember that some of the cell resources have also been reserved for the muting operation. For the 10 MHz system bandwidth case, this reservation of resources would correspond to 16% of the available resources for this selected scenario, and the peak cell throughput would potentially be reduced by a similar amount. However, considering that the signalling between eNBs would be information related to interference preference, each eNB would be allowed to use the full bandwidth in case the cell load would justify this. In this case, the cell would be allowed to utilize all the physical resources for data transmission (excluding the ones reserved for EPDCCH), and the EPDCCH SINR performance would be reduced to the No_ICIC results shown in Fig. 5. Hence, this approach would allow for significant gains in EPDCCH SINR when the cell load is low, while still allowing for full cell capacity when the load is high.
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(a) Marco scenario
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(b) HetNet scenario


Fig. 5: EPDCCH SINR performance for the evaluated cases where there is possibility to have intercell interference coordination for selected EPDCCH resources.
