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1 Introduction
In RAN1#74, several agreements on backhaul signaling to enable interference mitigation in TDD eIMTA were reached as follow:
Agreement:
· 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

In this contribution, details of backhaul signaling design in TDD eIMTA are discussed.
2 Discussion
2.1 Enhanced overload indication 
It has been agreed that OI is enhanced to include the dependency on subframe or subframe-set. The motivation of this enhancement is to separate the interference indication according to the subframes with or without eNB-to-eNB interference [1]. Therefore it is straightforward that two separate OIs shall be defined on the backhaul, each of which reflects one of the two interference types. This implies that the enhanced OI is subframe-set dependant and two sets shall be defined. As each subframe-set can contain one or multiple subframes in a radio frame, the subframe indices associated with each OI should also be indicated on the backhaul.
Proposal 1:

Two subframe-set dependant OIs and their associated subframe indices shall be defined on the backhaul.
In current specification, OI is defined for each PRB as several coarse quantitative values (i.e. high interference, medium interference, low interference) and the threshold for each interference level is not defined. As the eNB UL interference measurement is implementation specific, it is likely that the enhanced subframe-set dependant OI is defined in a similar way. Given that the threshold for each subframe-set dependant OI is not defined, it will be problematic for the eNB receiving the OI to identify the level of both UE-to-UE interference and eNB-to-eNB interference. For example, the victim eNB1 divides the subframes into two sets according to the interference measurements, where in set 1 only UE-to-UE interference is seen and eNB-to-eNB interference is seen in set 2. Since the interference strength of the two types is significantly different according to the evaluations in [1], it is reasonable that two different interference thresholds are used by eNB1 to determine the two OI values. Then if the different values are reported on the two OIs, (e.g. one high OI and one low OI), the receiving eNB2 cannot identify which OI reflects UE-to-UE or eNB-to-eNB interference since they are quantified by different basis. Two solutions can be envisioned. First one is eNB further indicates the information about the threshold for determining the OI values, e.g. the interference threshold offset applied to the two OIs. Second one is that eNB further indicates the interference type that is reflected by the OI, e.g. UE-to-UE or eNB-to-eNB interference. Given the assumption that interference measurement and threshold setting are implementation specific, the second option is preferred.
Proposal 2:

The interference type, i.e. UE-to-UE or eNB-to-eNB interference, is defined and indicated in the backhaul signaling for each overload indication in TDD eIMTA. 
2.2 Necessity of enhanced HII/RNTP
UL High Interference (HII) has been supported on the backhaul since Rel-8 to indicate the interference sensitivity for each UL PRB for UL ICIC. It can be seen as an interference indication of a proactive manner while OI is an indication of a reactive manner. With the current agreement for subframe dependant OI, most interference mitigation schemes such as cell clustering or DL power control can be applied to mitigate the eNB-to-eNB interference in a reactive manner. Then the question is whether such reactive scheme is sufficient and whether proactive manner of interference mitigation is deemed to be necessary in TDD eIMTA. 
According to current agreement of enhanced UL PC, UE can be configured to transmit with different power levels in two subframe sets. As the signal power varies, the interference sensitivity can also vary in the two subframe sets. Therefore it may also be beneficial that subframe set dependant HII is defined on the backhaul, similar as subframe set dependant OI. 
Proposal 3:

Subframe dependant HII may be supported if proactive manner of eNB-to-eNB interference mitigation is needed in TDD eIMTA.  
Relative Narrowband Tx Power (RNTP) indication has been supported on the backhaul since Rel-8 for DL PRB level ICIC. It indicates the eNB Tx power level per PRB to the neighbor cell such that coordinated DL scheduling can be done. In TDD eIMTA, downlink power control has been proposed as one of the interference mitigation scheme, in which eNB uses different Tx power in different subframe or subframe sets, e.g. reducing the Tx power in flexible subframes. As analyzed in [5]-[8], this scheme can be beneficial in macro pico adjacent channel deployment scenario to mitigate the cross layer interference. However, the benefit in pico only scenario is questionable. In this scenario, the DL power control scheme can be applied in either macro or pico cells. The macro cells can reduce the DL Tx power in subframes which pico cell may reconfigure to uplink. The pico cells can reduce the DL Tx power in subframe where macro cell is using as uplink (UL-DL reconfiguration is not applied in macro cells). Therefore two subframe sets are sufficient and separate RNTP can be indicated and associated with each subframe set. 
Proposal 4: 
Two subframe sets can be defined and separate RNTP for each subframe set should be indicated on the backhaul, to support subframe dependant DL power control scheme for interference mitigation in TDD eIMTA.
2.3 Details on the “Information about a cell’s intended UL-DL configuration”
It has been agreed that information about a cell’s intended UL-DL configuration is defined on the backhaul signaling, in addition to the existing information related to the cell’s SIB-1 UL-DL configuration. However, the exact definition of this new backhaul information needs further discussion. One of the main motivation to introduce such backhaul information exchange is to facilitate inter-cell coordination on UL-DL reconfiguration so that a cell can select the suitable UL-DL configuration also taking the demand of strong coupled neighbor cells into account. Evaluations in [9]~[11] have shown that the coordinated UL-DL reconfiguration based on backhaul exchange of intended short termed UL-DL configuration in each cell provides significant throughput gains under realistic backhaul delay. Therefore it is proposed that the information about a cell’s short term intended UL-DL configuration is defined on the backhaul. It is noted that due to the inter-cell coordination, this UL-DL configuration may or may not be actually used in the source cell which sends this message.
It was proposed in [12][13] that a long term usage of flexible subframes is exchanged on the backhaul signaling to aid the interference mitigation schemes, e.g. setting uplink power parameters or configuring DL CSI measurement in TDD eIMTA. However, if a short term intended UL-DL configuration in the cell is exchanged, the neighbor cell can get the statistical information on the usage of flexible subframe from the historical record of backhaul signaling. Thus it is redundancy to further exchange such long term information.
Proposal 5: 
The information about a cell’s short term intended UL-DL configuration is exchanged on the backhaul.
3 Conclusions
In this contribution, the details of backhaul signaling in TDD eIMTA were discussed. In summary we have the following proposals. 
Proposal 1:

Two subframe-set dependant OIs and their associated subframe indices shall be defined on the backhaul.

Proposal 2:

The interference type, i.e. UE-to-UE or eNB-to-eNB interference, is defined and indicated in the backhaul signaling for each overload indication in TDD eIMTA. 
Proposal 3:

Subframe dependant HII may be supported if proactive manner of eNB-to-eNB interference mitigation is needed in TDD eIMTA.  

Proposal 4: 
Two subframe sets can be defined and separate RNTP for each subframe set can be indicated on the backhaul, to support subframe dependant DL power control scheme for interference mitigation in TDD eIMTA.
Proposal 5: 
The information about a cell’s short term intended UL-DL configuration is exchanged on the backhaul.

It is further proposed to send LS to RAN3 on these details when agreements are made.
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