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1. Introduction
The following working assumption was agreed in RAN1#72bis meeting for the backhaul signaling enhancement [1]:
· Backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA
· Working assumption that new backhaul signaling capturing eNB-to-eNB interference is to be introduced 

· To be confirmed if gains are shown by evaluations in following meeting(s)
· FFS on the detailed contents of the information on eNB-to-eNB interference
· Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to:
· impose mandatory behaviour in the receiving eNB 

· impose new requirements on the accuracy of eNB measurements (unless shown to be beneficial)
· impose new architecture for LTE 
In addition, the following agreement was made in RAN1#73 meeting for an ICIC method in dynamic TDD UL-DL reconfigurations [2]:

· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g., PUSCH, SRS, PUCCH

· FFS separate TPC command and accumulation is supported, companies are encouraged to bring evaluation results regarding this proposal

· FFS if additional (more than two) subframe sets are needed

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support
This contribution discusses the necessary backhaul signaling support for the ICIC schemes that can be built upon the above working assumption and agreement. 
2. Discussion
In RAN1 #73 meeting, WFs [3] [4], which describe the backhaul signaling in eIMTA, were submitted. According to the offline and online discussion, the main aspects in designing the new backhaul signaling can be categorized as follows: backhaul signaling aiding configurations of UE operations, backhaul signaling aiding UL/DL alignments, and enhancements of Rel-8 ICIC backhaul signaling.
Backhaul Signaling Aiding Configurations of UE Operations

A long-term statistics of the UL-DL configuration can be exchanged, in other words, an eNB can send the information on the static DL subframes, static UL subframes, and flexible subframes where the duplex direction may be changed dynamically. Such long-term statistics is especially useful in determining semi-static configurations towards the UEs. One example is the DL HARQ reference configuration discussed in [5], and once an eNB is aware of the location of static UL subframes in its neighboring cells, it becomes possible to move the UL HARQ-ACK transmissions to these static UL subframes in order to avoid potential eNB-eNB interference to the HARQ feedback. Also, these static UL subframes can be used for any other UCI transmissions like periodic CSI report or for legacy UEs’ transmissions that cannot be protected by means of the advanced subframe-dependent power control. Having this information is useful in the CSI configuration as well because the eNB is able to configure multiple CSI reports (e.g., by using the multiple CSI processes or subframe restricted CSI measurement), each of which targets distinctive subframe type (e.g., one for static DL subframes and another for flexible subframes) of the neighboring cell. Furthermore, if the backhaul latency is too large to catch up the dynamics of UL-DL reconfigurations in the neighboring cells, such long-term statistics seems the only feasible information that can be exchanged via the backhaul link. 

With regard to the necessity of additional backhaul signaling, the current X2 interface [6] defines Served Cell Information IE which includes the information on TDD UL-DL configuration of the message-sending eNB. Considering that this IE needs to serve the legacy purpose, i.e., informing the UL-DL configuration signalled via SIB1 of the message-sending eNB, under the assumption that DL subframe in SIB1 cannot be changed to UL due to the reasons in [7], some additional information needs to be sent to indicate which UL subframe can be changed to DL.
Proposal 1: A long-term statistics of UL-DL configurations – locations of static DL, static UL, and flexible subframes of each cell needs to be exchanged via backhaul links.
Backhaul Signaling Aiding UL-DL Alignments
UL-DL alignment can be one way to mitigate the interference problems caused by dynamic TDD UL-DL reconfigurations. A group of eNBs having low coupling loss can form a cluster and all the eNBs within a cluster have the same UL-DL configuration such that no eNB-eNB or UE-UE interference occurs. There are two ways for this UL-DL alignment among cells. The first one is the centralized method. For example, the cluster center eNB of a cluster determines the UL-DL configuration with consideration for the aggregated UL/DL traffic buffer size in the cluster. On receiving this UL-DL configuration, other eNBs belonging to the same cluster should follow this information. Finally, all the eNBs within a cluster use the same UL-DL configuration. The second one is the distributed method. For example, an eNB can send the recommended UL-DL configuration derived by considering its own traffic condition and interference situation. On receiving this recommended UL-DL configuration, other neighboring eNBs can determine whether they follow the recommended UL-DL configuration depending on their own traffic condition and interference situation. As per the agreed working assumption in [1], it is not desirable to introduce a new inter-eNB hierarchy such as “the cluster center eNB” and “the cluster member eNB” or to mandate an eNB behaviour like “the cluster member should follow the UL-DL configuration from the cluster center eNB.” With this assumption, the common part of the centralized and distributed methods can be specified in the X2 interface: An eNB send a recommendation of UL-DL configuration of the message-receiving eNB; it is up to the message-receiving eNB’s implementation whether to follow the recommendation from the message-sending eNB. With this additional information exchange via X2 interface, either centralized or distributed method can be implemented according to the operator’s choice: The centralized method will be implemented if some pre-selected eNBs are eligible to send the recommendation (i.e., the cluster center eNBs) and the message-receiving eNBs follow the received recommendation (i.e., the cluster member eNBs). The distributed method will be implemented if any eNB can send and receive the recommendation.
Here, the recommended UL-DL configuration can consist of multiple UL-DL configurations depending on the message-sending eNB’s traffic condition and interference situation. To be specific, if an eNB has a light traffic load and experiences a low interference level, the eNB can define the recommended UL-DL configuration as multiple UL-DL configurations. This means that other neighboring eNBs receiving this information can have more flexibility in determining its own UL-DL configuration. On the other hands, if an eNB has a heavy traffic load and experiences a high interference level, the recommended UL-DL configuration may be defined as a single UL-DL configuration. In addition, the recommended UL-DL configuration can be a short-term UL-DL configuration, especially when then backhaul latency is small enough. 
In discussing the inter-cell UL-DL configuration exchange, the case of multiple TPs sharing the same cell ID needs to be taken into consideration. As illustrated in Figure 1, TPs sharing the same cell ID #1 may configure different UL-DL configurations at a time instance. If a neighboring cell with cell ID #2 operates ICIC in adaptation to the UL-DL configuration in cell #1, then a “cell-specific” UL-DL configuration indication would be insufficient because the interference experienced in cell #2 is also dependent of “per-TP” UL-DL configuration. Thus, if the short-term UL-DL configuration information is sent to the neighboring cells, the signaling should be able to include the “TP-specific” UL-DL configuration information. 

Proposal 2: To aid the UL-DL configuration alignment among cells, an eNB sends a message to recommend the message-receiving eNB to use one of the indicated UL-DL configurations. It is up to the message-receiving eNB’s implementation whether to follow the recommendation from the message-sending eNB.
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Figure 1: An example of dynamic UL-DL reconfigurations in a cell consisting of multiple TPs.

Enhancements of Rel-8 ICIC Backhaul Signaling
In RAN1 #73 meeting, it was agreed that the subframe-dependent UL power control would be used for the dynamic TDD UL-DL reconfigurations. By adopting the subframe-dependent UL power control, the separate UL power control parameters can be applied to the different subframe sets with consideration for the different interference condition of each subframe set. In other words, the scheduling as well as UL power control parameters in the flexible subframes may be different from those in static UL subframes. With this aspect, the victim eNB also experiences the different interference level depending on the subframe type of aggressor eNB. Therefore, it is reasonable to introduce the subframe-dependent property into the existing HII, RNTP, and OI. Furthermore, as new interference type such as eNB-eNB and UE-UE interference occurs, Rel-8 backhaul signaling enhancement is needed from the interference information exchange perspective. 

The subframe-specific HII and RNTP are classified as a “warning signal” in that the aggressor eNB send theses information to indicate which PRBs can be used with high power. In addition, the subframe-specific OI is classified as a “complaining signal” in that the victim eNB send this information to indicate whether the current interference eNB-eNB interference is tolerable or not at a given PRB. The eNB-eNB interference only occurs in the flexible subframes which the victim eNB is aware of by Proposal 1, and it is up to the aggressor eNB’s implementation how to keep the consistent interference condition as per the warning signal in the flexible subframes whose duplex direction is subject to change. A new warning signal is exchanged via the backhaul link to provide the PRB-level high interference indication applied to the flexible subframes. With this new warning signal, it is natural to apply the existing RNTP and HII to static DL and UL subframes, respectively. Figure 2 shows an example of applying the new warning signaling together with the existing RNTP and HII. 
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Figure 2: An example of the new backhaul signal indicating the interference level of flexible subframes.

As the existing OI is based on the conventional UL transmissions where the same power control parameters/mechanisms are used for all the UL subframes, it is reasonable to use this existing OI as the observation in the static UL subframes. This implies that the new complaining signal applies to the flexible subframes. In other words, a new complaining signal is exchanged via the backhaul link to provide the PRB-level interference overload indication applied to the flexible subframes. If the aggressor eNB is able to manage the consistency of interference characteristics in the flexible subframes irrespective of the actual duplex direction of each subframe (e.g., by proper DL and UL power control), a single PRB-level bitmap will be sufficient for this new complaining signal from the victim eNB. In this case, the victim eNB actually does not need to distinguish the duplex direction of the aggressor eNB because a similar interference pattern will be observed within the subframes that are indicated as flexible subframes. However, if it is not feasible to manage the consistency by the aggressor eNB, additional information is needed because the aggressor eNB has no idea about the duplex direction that caused high interference to the victim eNB. In other words, the aggressor eNB needs to know which duplex direction caused high interference to the victim eNB in the PRB indicated by the new complaining signal. Two methods can be considered as follows:

· Method 1: The victim eNB estimates the duplex direction of the aggressor eNB in each subframe by a proper implementation, for example, by detecting the demodulation RS of each subframe. Once the victim eNB is aware of the duplex direction of the aggressor eNB for a given flexible subframe, it is able to directly indicate the source of high interference it is experiencing in that subframe. Thus, the complaining signal consists of the two parts; one PRB-level bitmap indication for the interference from DL transmissions, and the other indication for the interference from UL transmissions.

· Method 2: If it is not feasible to estimate the duplex direction, the victim eNB can inform the aggressor eNB of the set of subframes where high interference was observed. As the aggressor eNB has its own history of UL-DL configuration change, it can figure out the problematic duplex direction from the subframe set information given by the victim eNB, thereby being enabled to adjust its scheduling and power control for the identified problematic duplex direction.

Proposal 3: The subframe-specific HII, RNTP, and OI need to be supported for the dynamic reconfiguration operation. 
3. Conclusion
This contribution discussed the backhaul signaling support for the ICIC operations under dynamic TDD UL-DL reconfigurations. The following proposals were made for the backhaul link enhancements:
Proposal 1: A long-term statistics of UL-DL configurations – locations of static DL, static UL, and flexible subframes of each cell needs to be exchanged via backhaul links.

Proposal 2: To aid the UL-DL configuration alignment among cells, an eNB sends a message to recommend the message-receiving eNB to use one of the indicated UL-DL configurations. It is up to the message-receiving eNB’s implementation whether to follow the recommendation from the message-sending eNB.
Proposal 3: The subframe-specific HII, RNTP, and OI need to be supported for the dynamic reconfiguration operation. 
______________________________________________________________________
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