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1
Introduction
In RAN1#74 meeting, to mitigate the interference, some backhaul signallings are agreed as below [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

In this contribution we will discuss and give views on the remaining issues on the backhaul signalling in TDD eIMTA.
2
Backhaul signalling for TDD eIMTA
As discussed in last RAN1 meeting, the information exchange via backhaul could facilitate the interference mitigation, such as the OI indicator. Also it was agreed up to two subframe sets for UL power control, then two kinds of UL power could be received by eNB. If two subframe sets are categorized as fixed UL subframe set (subframe#2) and flexible UL subframe set (sbuframe#3,4,7,8,9), fixed UL subframe set will only suffer the interference from neighboring cell UE, and the flexible UL subframe set could suffer the interference from neighboring cell UE and eNB. So basically, the subframe-set dependent OI shall be supported for each set of subframes. In other words, the existing OI is applied to fixed subframe set, and new OI applies to flexible subframe set. 
For subfrmae level OI indication, if neighbouring cells UL/DL configuration change frequently, the UL interference fluctuation will be large in different subframes of flexible subframe set, it could need time stamp to assist OI indication on subframe level, in which case the signalling overhead over X2 interface will increase drastically in the dimension of PRB-level and time domain.
As discussed in the number of UL subframe sets for UL power control, given that more subframe sets are supported, the power control could be more accurate, however the simulation results show that additional performance gain is marginal comparing with two subframe sets. Similarly, with the subframe dependent OI indication, the benefit is not clear. It was agreed in [2] “Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to impose mandatory behaviour in the receiving eNB”, and then the benefits of subframe dependent OI is questionable. 
Proposal 1: Considering signalling overhead and the achievable beneifits, subframe set dependent OI is preferred.
As for OI indication of the interference type, eNB could estimate the UL interference based on IoT measurement in each subframe set. However if the UL interference measurement only relies on IoT measurement, eNB cannot distinguish the interference is from UE or eNB in flexible subframe set. Even eNB could assume there is eNB interference through IoT threshold setting; this estimation accuracy could not be guaranteed especially in case there are multiple cells independently and dynamically changing their UL/DL configurations. In addition, it is hard for eNB to know the interference is coming from which eNB, for eNB could not get the neighboring cell’s instantaneous UL/DL configuration because of the backhaul delay.
Proposal 2: The enhanced OI only capture the total interference received by interfered eNB.    
HII and RNTP are proactive indication, which allow the sending eNB to signal receiving eNB of the downlink transmit ion power information and UL interference sensitivity. If enhance OI for flexible subframe set is agreed, then reusing existing HII and RNTP is enough for fixed UL and DL subframes. The transmission direction of the flexible subframe is determined by cell’s traffic load, if it is decided for DL transmission from UL subframe (indicated by SIB 1), the reason is DL traffic heavy; in case additional RNTP is applied, such as reduce the power allocation on these subframes, the downlink performance will be impacted this is not the intention to applied eIMTA feature, or in another way eNB could change to other UL/DL configuration to reduce the eNB to eNB interference. For HII enhancement, legacy HII can be use for both subframe sets, OI in flexible subframe set could improve the interference coordination already. In short, it is not necessary to distinguish HII and RNTP in different subframe set. 
Proposal 3: It’s not necessary to introduce enhanced HII and RNTP in TDD eIMTA. 
In last RAN1 meeting, it was agreed on the DL HARQ timing that “Downlink HARQ timing follow a higher layer RRC configured TDD configuration, At least configurations 2 and 5 can be selected”. For the case, UL/DL configuration 5 is selected as DL reference configuration, subframe #2 will be fixed UL subframe for PUCCH and PUSCH transmission. On the other hand, subframe #2 and #7 will transmit PUCCH and PUSCH if UL/DL configuration 2 is selected as the DL reference configuration. From system aspect, each eNB could make decision to choose which UL/DL configuration as the DL reference configuration. In case eNB and its neighbours select different DL reference configuration, the eNB could receive DL to UL interference in subframe #7 in which PUCCH is transmitted. To protect the PUCCH, the DL reference configuration shall be exchanged via X2 interface; hence receiving eNB could be aware of the potential interference and take action to reduce the interference to PUCCH, such as DL transmission power reduction, scheduling limitation.
Proposal 4: Specify backhaul signalling to inform the DL reference configuration.
CCIM was extensively discussed in previous meetings. The agreed cell’s intended UL/DL configuration could be useful for configuration coordination within one cluster; CCIM also requires instantaneous cell traffic status exchange (e.g., UL/DL traffic ratio), as the receiving eNB could not distinguish the sending cell’s intended UL/DL configuration 0 is based on heavy UL traffic load or for energy saving purpose. Current Load information in X2 specification can’t reflect sending cell’s instantaneous UL/DL traffic status, so new signalling is required to make CCIM work properly.

Proposal 5: Specify backhaul signalling to capture UL/DL traffic status.
TDD eIMTA is mainly adopted in small cells, e.g. Femto and Pico. In TR36.828, the main performance gain is expected in low or medium traffic load case when the traffic is asymmetric over time domain. In addition, from the point of backward-compatibility’s view, legacy UE will inevitably suffer performance loss in UL and DL when it works in a cell supporting TDD eIMTA. So if there are many legacy UEs in a cell then this cell is not necessary to activate the feature of TDD eIMTA in order to avoid performance loss of legacy UEs. Based on this, TDD eIMTA can be activated or deactivated dependent on the concrete conditions.

However, if one small cell activates the feature but its neighboring cells do not, then the two neighboring cells will suffer UL-DL interference. For example, assuming Cell 1 and Cell 2 are working in fixed TDD mode and UL/DL configuration 1 is used due to balanced UL and DL resource ratio then there is no UL-DL interference between two cells. If there are more DL traffic needs to be delivered more timely in Cell 1, Cell 1 eNB can activate its TDD eIMTA mode for traffic adaptation in order to adopt DL-heavy configurations, e.g., UL/DL configuration 2 while Cell 2 is still working in fixed TDD mode. In that case, UL-DL interference will be caused due to different UL/DL configurations adopted between two cells, i.e., UL subframe 3 and 8 of Cell 2 will suffer severe interference from Cell 1’s downlink transmission. More UL subframes in Cell 2 will suffer severe interference if Cell 1 adopts TDD UL/DL configuration 5. On the other hand, if both two cells are working in TDD eIMTA mode and one cell deactivates eIMTA mode and fall back to fixed TDD mode, then UL-DL interference may be caused when different UL/DL configurations are adopted in two cells.
Observation 1: If neighboring cells do not activate/deactivate TDD eIMTA mode simultaneously then it may lead to UL-DL interference.
Based on above observation, when one eNB decides to turn on/off TDD eIMTA feature, it needs to inform its decision to its neighboring cells then the neighbouring cell can decide whether or not to use UL-DL interference mitigation schemes, e.g., CCIM, UL power control or other possible schemes etc, and proper RRM measurement can be configured by neighboring cells. 

Proposal 6: Specify backhaul signalling for one eNB to inform its decision of TDD eIMTA activation/deactivation to its neighboring cells.
3
Conclusion
This contribution discussed the necessary signalling support for TDD eIMTA to facilitate the interference coordination between cells. In summary we have following proposals and observations,
Proposal 1: Considering signalling overhead and the achievable benefits, subframe set dependent OI is preferred.
Proposal 2: The enhanced OI only capture the total interference received by interfered eNB.    

Proposal 3: It’s not necessary to introduce enhanced HII and RNTP in TDD eIMTA. 
Proposal 4: Specify backhaul signalling to inform the DL reference configuration.
Proposal 5: Specify backhaul signalling to capture UL/DL traffic status.
Observation 1: If neighboring cells do not activate/deactivate TDD eIMTA mode simultaneously then it may lead to UL-DL interference.
Proposal 6: Specify backhaul signalling for one eNB to inform its decision of TDD eIMTA activation/deactivation to its neighboring cells.
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