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1. Introduction 
In RAN1#74 meeting, the following agreement has been reached [1]

· 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 paper discusses some of outstanding FFS issues on the backhaul signaling for interference mitigation in TDD eIMTA. Specifically, we discuss the issues about the interference type indicator and dynamic UL/DL configuration information for interference mitigation.
2. Discussion
2.1. Information on specific type of interference
With the emerging schemes on dynamic TDD UL/DL configuration change for traffic adaptation, the TDD UL/DL configuration change would be done in a fast rate and would also be done relatively independently for neighbour cells as the traffic pattern or interference situation is likely cell-specific. That means, the likelihood of having different TDD UL/DL configurations in neighbour cells is increasing. In that case, eNB to eNB interference and UE to UE interference in subframes designated for opposite link directions across cells may appear and should be addressed. 

In Table 1, we group potentially eNB to eNB interference causing subframes (interfering subframes) into set S1 and the no potential eNB to eNB interfering subframes as set S2. The sets S1 and S2 both are dependent on TDD UL/DL configurations. This means that the possible eNB to eNB interference is not static and it is highly correlated with the TDD UL/DL configuration of neighbouring cell.  Furthermore, these TDD configurations could be independently reconfigured at a fast pace.
Table 1 DL Subframe sets for cell causing eNB to eNB interference
	UL/DL configuration
	S1
	S2

	0
	{}
	{0,1,5,6}

	1
	{4,9}
	{0,1,5,6}

	2
	{3,4,8,9}
	{0,1,5,6}

	3
	{6,7,8,9}
	{0,1,5}

	4
	{4,6,7,8,9}
	{0,1,5}

	5
	{3,4,6,7,8,9}
	{0,1,5}

	6
	{9}
	{0,1,5,6}


Table 2 Victim subframe sets from eNB to eNB interference

	UL/DL configuration
	Victim subframe

	0
	{3,4,6,7,8,9}

	1
	{3,6,7,8}

	2
	{6,7}

	3
	{3,4}

	4
	{3}

	5
	{}

	6
	{3,4,6,7,8}


Table 2 shows the subframe set for cell potentially suffering eNB to eNB interference. As we can see that only UL subframe 2 is not on the list. All other UL subframes have possibility to suffer from eNB to eNB interference. Therefore, the high OI could cause by high power UE in neighboring cells or by high power neighboring eNBs. The way to alleviate inference from different causes is different. In order to effectively mitigate the interference, the interference type, i.e. the cause of interference from UE or eNB, is very useful.

This may be implemented as an additional field in the existing OI information element. Note that the interference type field is an optional field that is only applicable to the TDD eIMTA scenario. It is also desirable to report the cell ID when the interfering source is from eNB. In this way, the exact source of interference is identified; it is easier for interference mitigation. Alternatively, the OI IE is only sent to the interfering eNB.
Proposal 1: An interference type indicator is needed to facilitate the effectiveness of eICIC/FeICIC based interference mitigation scheme in eIMTA.
Proposal 2: The interference type field can be an additional field in the existing OI information element.
2.2. Information on UL/DL configuration
In the current specification, the Subframe Assignment in the existing X2 message IE Served Cell Information is linked to UL/DL TDD configuration in SIB1. This is a semi-static changed TDD configuration. It does not reflect the TDD UL/DL configuration due to dynamic reconfiguration.
The dynamic TDD configuration information plays a crucial role in the interference mitigation of TDD eIMTA. It can be very useful in the process of determining the interference type. To be specific, an example procedure to identify/mitigate inter-cell interference is illustrated in Figure 1. Basically, 

· After the acquisition of cell ID and TDD UL/DL configurations of neighbour cells, the eNB in this cell needs to check if the current subframe is an UL subframe. 

· If the current subframe is an ULsubframe, the eNB further checks if this subframe is designated as a DL subframe in a neighbour cell. 

· If yes, the DL subframe from the neighbour cell may give rise to eNB to eNB interference. Therefore, the eNB in this cell needs to identify potential eNB to eNB interference from the neighbour cell to this cell. In addition, the UL subframe from this cell may give rise to UE to UE interference affecting the DL reception in the neighbour cell. Once the neighbour cell indicates the degree of the UE to UE interference, this cell needs to mitigate the UE to UE interference. 

· If no, all cells are in uplink transmissions. Therefore, the eNB in this cell needs to identify potential UL UE to eNB interference from the neighbour cell to this cell. Also, when notified, the eNB needs to mitigate UL UE to eNB interference from this cell to the neighbour cell. 

· If the current subframe is a DL subframe, the eNB further checks if this DL subframe is designated as an ULsubframe in a neighbour cell. 

· If yes, the DL subframe from this cell may give rise to eNB to eNB interference to the neighbour cell. Therefore, when notified, the eNB in this cell needs to mitigate potential eNB to eNB interference from this cell to the neighbour cell. In addition, the DL subframe of this cell may suffer from the UE to UE interference from the neighbour cell. That means, the eNB in this cell may need to identify the UE to UE interference from the neighbour cell to this cell.

· Otherwise, all cells are in downlink transmissions. Therefore, when notified, the eNB needs to mitigate potential DL eNB to UE interference from this cell to neighbour cells. Also, the eNB needs to identify DL eNB to UE interference from the neighbour cell to this cell.

Furthermore, the dynamic TDD configuration is also essential for the cell clustering because the most important criterion is to maintain the same TDD UL/DL configuration within the cell cluster. It is even more important if adaptive cell clustering is introduced for TDD eIMTA.
The TDD UL/DL configuration information exchange can be done via X2 messages over backhaul. This may be done by adding a Dynamic Subframe Assignment field in existing Served Cell Information IE or creating a separate TDD UL/DL configuration IE for this purpose.
Considering the backhaul delay, the TDD UL/DL configuration to be exchanged would be for a future TDD config period and sent at least “d” time earlier than the future TDD configuration period boundary, where “d” should be larger than the worst case backhaul delay between those eNBs. This means that the faster the TDD UL/DL configuration change, the less latency the backhaul is required.
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Figure 1 Example procedure to identify/mitigate inter-cell interference in TDD eIMTA
Proposal 3: Information about the UL/DL configuration other than existing information on SIB-1 UL/DL configuration should be supported on X2 signaling.
3. Conclusions

In this contribution, we have looked into the need of backhaul signalling to enable interference mitigation in TDD eIMTA. Specifically, the benefits to have an interference type indicator and dynamic UL/DL configuration information for interference mitigation have been discussed. We have the following proposals.
Proposal 1: An interference type indicator is needed to facilitate the effectiveness of eICIC/FeICIC based interference mitigation scheme in eIMTA.
Proposal 2: The interference type field can be an additional field in the existing OI information element.

Proposal 3: Information about the UL/DL configuration other than existing information on SIB-1 UL/DL configuration should be supported on X2 signaling.
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