3GPP TSG-RAN WG1 Meeting #73
R1-132306
Fukuoka, Japan, 20 - 24 May 2013
Agenda item:

6.2.5.2.1
Source:
Nokia Siemens Networks, Nokia
Title:
Interference coordination for EPDCCH
Document for:

Discussion and Decision

1
Introduction
According to the small cell SI description [1], one of the objectives is as follows:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

In [2], a number of considerations on the inter-cell coordination are presented. One of the elements mentioned is that enhancements to the RNTP signaling could be considered to improve EPDCCH performance in high interference scenarios. In this contribution we present our views on this area.
2
Interference coordination needs for EPDCCH
When the enhanced PDCCH (EPDCCH) was standardized during Rel’11 work, 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 cell, a number of UE would be using and sharing the same EPDCCH configuration even though it is possible to use different configurations for different UEs. The reason for this being that the eNB would normally like to maintain a separation of the resources for data and control transmissions. Furthermore, having e.g. different EPDCCH PRB pairs configured for different UEs would increase control signalling coverhead or cause further scheduling restrictions.
In the current setup, there are no standardized means available for coordinating which resources are used in different cells for the control and data, and triggered by the discussion in [2], there is a potential need for introducing such coordination between cells – especially for the small cells where the traffic might be fluctuating and interference levels might be unpredictable as well.

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 would automatically result in a lost PDSCH reception or a missed PUSCH transmission. Hence, from a scheduling perspective it would be valuable to have information on the interference situation in the system as such.
3
Possible solutions for coordinating
From a scheduling and coordination point of view, we see two possible approaches for providing information related to to the interference scenario:

· Signaling exchange on the resource allocations for control and data

· Signaling exchange of interference preferences

These two options will shortly be described in the following.
3.1
Signaling exchange on the resource allocation for control and data

In this approach, the X2 signaling could take the form similar to what we already have in the RNTP information element. 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 information that is seen as more or less static in the sense that there is no time-wise information embedded into the signalling. However, the EPDCCH configuration as defined by the RRC signalling also contains a time variable part (as the UE can be configured to monitor the EPDCCH only in certain subframes). Hence, for allowing maximum information exchange between the nodes, the signalling should preferably also include the possibility to announce the time and frequency resources that an eNB would be transmitting the EPDCCH.
A structure for this kind of signalling would tentatively include a mixture of elements from the RNTP IE and the ABS IE from [4]. One structure could include: 

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

· A corresponding bit map indicating the time instants when the EPDCCH is transmitted.
However, it should be noted that this approach would be very focused on the information exchange related to the physical resources allocated to the EPDCCH, while in terms of interference coordination it would be more beneficial to have the information exchange generalized such that it allows for indication of the sensitivity of the various physical resources – this is treated in the next section.
3.2
Signaling exchange of interference preferences
As discussed in the previous section, the straight forward approach of indicating the frequency and time resources that are used and/or configured for the EPDCCH will be limited to EPDCCH configuration signalling only, and from a system point of view we may have more benefit from being able to indicate the sensitivity of the different physical resources.
As a starting point, we have only considered the division of resources into the two, EPDCCH and PDSCH, but when considering future applications, we could envision other segmentations of the resources, such that for instance the EPDCCH could be further divided into a number of groups. As one example, consider the case of a new set of EPDCCH resources for the common search space is introduced. As another case, consider the case of an eNB deciding to use the two possible EPDCCH sets for different traffic priorities, for instance given by the localized and distributed sets or alternatively different configured EPDCCH sets from different transmission points. Also, one could consider the possibility that the PRB pairs for the PDSCH is divided into segments that can serve different purposes. From this perspective it could be justified that the inter-eNB communication contains information on “interference preference” or “PRB sensitivity” on a more detailed level than the on/off approach that is provided by the RNTP signalling.

One structure facilitating this could include: 

· 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

Such indication of interference preference could take multiple forms, but we would suggest that a relatively simple approach is used such that the eNB can indicate three levels of interference preference. It should be noted that the indication of the interference preference or PRB sensitivity is different from the RNTP in the sense that these values would be used to indicate to other eNBs how they should preferably perform scheduling of the frequency resources, while the RNTP indicates the expected transmission power to be used on the different PRBs. The proposed three levels of sensitivity or interference prefenrece could be defined as:

· Sensitive data – expecting low interference: 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 data – 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 PDSCH traffic (for instance RRC signalling carried on the PDSCH).

· Low sensitive data – 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.

With this approach it is possible for the eNBs to exchange information on their interference preferences and this will allow for coordination of interference in the scheduling decisions at the respective eNBs.

4
Conclusion
In this contribution we have presented our view on the possibility of exchanging information related to the interference preferences between eNBs. The presented approach will allow for eNBs obtaining information on which PRBs the immediate neighbours would prefer the interference to occur. This setup would potentially create a setup where the  interference conditions for the most sensitive data transmissions are significantly improved, as the neighboring eNBs have the information needed to do prioritization of the scheduling decisions.

Based on the above discussion, we propose that RAN1 includes considerations on introducing multi-level information exchange of interference preferences in the SI Technical Report. Our recommendation would be to include the approach that is described in section 3.2, where the interference preference indicates the sensitivity of the data being scheduled. That is, the PRBs are being annotated with labels indicating Sensitive data, medium sensitive data, and low sensitive data.
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