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1. Introduction
The following was agreed in RAN1#74 for the enhancement to the backhaul link:
· Following information exchange is supported on the  backhaul to enable interference mitigation in TDD eIMTA

· Subframe or subframe-set dependent OI is supported, where  OI captures at least the total interference 

· FFS if OI also captures information about a specific type of interference, e.g. eNB to eNB interference

· FFS for subframe dependent HII/RNTP

· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration

· Details to be decided in RAN1#74bis

This contribution discusses the remaining details of the backhaul signaling enhancement for the interference mitigation in dynamic TDD UL-DL reconfigurations. 
2. Discussions
2.1. Subframe or subframe-set dependent OI

The agreement in RAN1#74 mentions “subframe or subframe-set dependent” OI. Our understanding is that multiple OIs are sent in the backhaul link and each OI indicates the location of overloaded RBs observed in a subframe or a set of subframes. Thus, it is reasonable that each OI, which is a bitmap indicating per-RB interference situation, is accompanied by another bitmap which indicates the set of subframes in which the associated OI is valid. Regarding the number of OIs, up to three different interference sources can be observed from an aggressor cell at the UL subframe of a victim cell. It can be generally assumed that the location of static DL subframes are aligned among neighboring cells, so a UL subframe of a cell can be interfered with by DL transmission in a flexible subframe, UL transmission with the first set of UL PC parameters, and UL transmission with the second set of UL PC parameters from a neighboring cell.
One FFS point is whether to support signaling additional information about a specific type of interference. Supporting this signaling means that the message-sending eNB is able to differentiate the duplex direction of the interference source, i.e., it can identify whether the dominant component of the observed interference is caused by DL or UL transmission in the neighboring cell. Such differentiation can be done based on a proper eNB implementation, for example, by detecting the reference signal sequence of the neighboring cell from the total interference. If the backhaul link is fast enough to track the UL-DL reconfiguration update, then the agreed subframe-set specific OI can be signaled in every UL-DL reconfiguration instance and the message-receiving eNB can identify the duplex direction of the problematic interferences by comparing the subframe-set of each OI with its scheduling history. However, if the backhaul latency is not fast enough, this interference type indication can be help the message-receiving eNB to identify the exact source of interference. It seems reasonable to assume in this moderate/slow backhaul case that UL-DL configuration of a cell is updated several times before the new subframe-set dependent OI signaling is sent, and in this case, the message-receiving eNB has difficulty in identifying the duplex direction only from the accompanied subframe-set location. From this discussion, we can claim that indicating a specific interference type can be beneficial in some scenarios, e.g., when the eNB has implemented the identification of the interference duplex direction and the backhaul latency is moderate compared with the UL-DL reconfiguration period. Due to its limited use case, this interference type indication can be optional information of the subframe-set dependent OI, which implies that omitting this indication means that the corresponding OI captures the total interference.
Proposal 1: Up to three overload indications can be sent in the backhaul link and each indication is associated with a set of subframes on which the indication is valid. 

Proposal 2: An optional parameter can be added to each overload indication to identify whether the corresponding indication captures interference from DL transmission or UL transmission. Omitting this parameter means that the corresponding indication captures the total interference.
2.2. Subframe dependent HII and RNTP
Another FFS point in the agreement made in RAN1#74 is whether to support subframe-dependent HII or RNTP. Basically, the enhancement introduced for OI is also beneficial to HII and RNTP for the following reasons.
First, regarding HII, introducing dual PC parameters necessitate subframe-set specific HII signaling. Let’s assume eIMTA scenario 4 (macro-pico in adjacent channels) for an example. In order to overcome strong eNB-eNB interference caused by UL-to-DL conversion in pico cells, macro eNBs can use the agreed dual PC parameters by configuring two subframe sets. As a consequence, a macro eNB sees two different interference characteristics (including received interference power, UE selection, and RB allocations) from UL transmissions in a neighboring macro eNB. When we consider the HII signaling between macro eNBs, ambiguity exists in interpreting the existing HII because the message-receiving eNB is unaware of the subframes in which the received HII is valid; it has no idea whether the received HII applies to static UL subframes, flexible UL subframes, or all the UL subframes. Signaling subframe-set specific HII can solve this ambiguity problem, thereby facilitating the interference coordination among the macro eNBs. A similar observation can be made between two pico eNBs if susbframe-specific power control is applied to UL transmissions in pico cells.
Second, regarding RNTP, an enabler to support subframe-dependent RNTP indication is necessary in order to facilitate the DL power setting operation in [1] as an interference mitigation method. The current RNTP signaling indicates only one DL power threshold, so there is no way to indicate such power setting operation when the message-sending eNB reduces DL transmission power in flexible subframes. Furthermore, the RB allocation strategy can be different between static DL subframes and flexible DL subframes as the number and location of the protected RBs can be different (e.g., scheduling more cell edge UEs in static DL subframes with high power while selecting more cell center UEs in flexible DL subframes with reduced power).
Proposal 3: Subframe-set specific HII and RNTP is supported. It can be implemented by sending multiple HII and RNTP, each of which is accompanied by a set of subframes.

2.3. Information about a cell’s intended UL-DL configuration
It was agreed that information about a cell’s intended UL-DL configuration is signalled in the backhaul link, but further clarification seems needed. Our understanding is that the agreed information means the set of candidates for the future use in the message-sending eNB. In other words, the message-receiving eNB can assume that the message-sending eNB will use one of the indicated UL-DL configurations until a new message arrives, and it can adjust its scheduling policy accordingly. As will be discussed later, we think that the intended UL-DL configuration can include multiple UL-DL configurations, i.e., the set of UL-DL configuration candidates for future use, when the backhaul signaling latency is not fast enough to track the UL-DL configuration updates, i.e., UL-DL configuration of the message-sending eNB can be changed between two backhaul signaling instances. The exact time scale implied by the signaled intended UL-DL configuration is a network implementation issue which is dependent of the UL-DL reconfiguration period and the backhaul link quality, but it is our understanding that the intended UL-DL configuration generally targets a relatively short-tem operation (e.g., shorter than tens of milliseconds) which is not tractable by RRC signaling. 
The above discussion implies that the agreed information alone is not able to indicate the information on static subframes. An eNB is aware of the location of static DL subframes by the agreement “IE Subframe Assignment defined in X2 AP interface refers to the SIB 1 UL-DL configuration,” so an additional signaling is needed to indicate the location of static UL subframes which can be used in determining the semi-static UL transmission such as SPS and periodic CSI reporting. As discussed in [2], the location of static UL subframes can be indicated by signaling the DL HARQ reference UL-DL configuration which can be interpreted as the DL-maximum configuration. One related issue is the possibility of having restriction on the configuration of DL HARQ reference UL-DL configuration, and if this reference is limited to UL-DL configuration #2 or #5, then it may not be sufficient to signal DL HARQ reference UL-DL configuration for the purpose of indicating the static UL subframe.
The intended UL-DL configuration and the location of static subframes can be used with different combinations in different operation scenarios as exemplified in the following:
· Case 1 (fast backhaul link, e.g., with the latency less than a few milliseconds): In this case, the backhaul link is fast enough to inform a neighboring eNB of the instantaneous UL-DL configuration at the message-sending eNB. Thus, the intended configuration includes only one UL-DL configuration, and the message-sending eNB will send a new backhaul signal after or just before its UL-DL configuration update. The additional information on the static subframes can be used to schedule semi-static transmissions in the message-receiving eNB.
· Case 2 (moderate backhaul link, e.g., with the latency of tens of milliseconds): In this case, it is not feasible to send a backhaul signal in every UL-DL configuration update. One method is to include multiple UL-DL configurations in signaling the intended configuration as the candidates for future usage. In other words, the message-sending eNB changes UL-DL configuration within the signaled set until the next backhaul signal. The set of intended configuration is updated if there is a change in the average UL-DL traffic intensity, for example from {config #0, config #1} to {config #1, config #2} when the average UL traffic increases. Still, the backhaul latency is much faster than the time scale of RRC reconfiguration, so indication of static subframes is also beneficial in the semi-static UL scheduling. For example, if a subframe is indicated as UL subframe in all the candidate UL-DL configurations but not included in the static UL subframe information, the message-receiving eNB schedules PUSCH in that subframe with low power by dynamic UL grant without being concerned about eNB-eNB interference but it avoids semi-static UL scheduling due to the possibility of duplex direction change at the message-sending eNB in the future.
· Case 3 (slow backhaul link, e.g., with the latency of hundreds of milliseconds): In this case, only the information on static subframe location is meaningful. The message-receiving eNB adjusts its scheduling policy based on the exchanged information.
The above discussion can be summarized in the following proposal:
Proposal 4: Multiple UL-DL configurations can be signaled as the intended configuration of the message-sending eNB. The information on the static UL subframes can be signaled additionally.

3. Conclusion
This contribution discusses remaining details of the backhaul link signal to assist interference mitigation operations. The discussion can be concluded by the following proposals:
Proposal 1: Up to three overload indications can be sent in the backhaul link and each indication is associated with a set of subframes on which the indication is valid. 

Proposal 2: An optional parameter can be added to each overload indication to identify whether the corresponding indication captures interference from DL transmission or UL transmission. Omitting this parameter means that the corresponding indication captures the total interference.
Proposal 3: Subframe-set specific HII and RNTP is supported. It can be implemented by sending multiple HII and RNTP, each of which is accompanied by a set of subframes.
Proposal 4: Multiple UL-DL configurations can be signaled as the intended configuration of the message-sending eNB. The information on the static UL subframes can be signaled additionally.
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