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1. Background
RAN2/3/4 are informed of RAN1 agreement and progress of eIMTA (Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation) WI in [1][2]. This contribution further discusses the corresponding aspects with potential RAN3 impact, based on both the progress RAN1 has made and the discussion in RAN3#81bis.
2. Discussion
2.1 Intended UL-DL configuration

In [1], RAN1 concluded backhaul signaling requirement to exchange information of cell’s intended UL-DL configuration, in order to facilitate dynamic UL-DL interference mitigation and traffic adaptation in LTE-TDD systems. Previous proposals in [3][4][5] are quite converged on how to transfer the intended UL-DL configuration information, i.e. by LOAD INFORMATION message between eNBs.
Proposal 1: Exchange of cell’s intended UL-DL configuration information is supported by LOAD INFORMATION message.
Intended UL-DL configuration, which can reflect the radio resource demand from instantaneous traffic status, is the configuration intended to be used by the indicated neighboring cells in the next short period. The actually used UL-DL configuration can still be different with the informed intended UL-DL configuration according to the dynamic interference situation the indicated cell experiences.
In current X2AP, “Subframe Assignment” information is exchanged during X2 Setup or eNB Configuration Update procedure to inform the neighboring eNBs the TDD UL-DL subframe configuration information of the serving cells of the sender, with the understanding that IE “Subframe Assignment” refers to the SIB1 UL-DL configuration. “Subframe Assignment” is observed as semi-static information. When intended UL-DL configuration information is introduced, both SIB1 UL-DL configuration and intended UL-DL configuration information will be available at receiving side. It was also discussed in RAN3#81bis that it should be clarified that Subframe Assignment refers to the SIB1 UL-DL configuration of the serving cells. Such a clarification is necessary for the receiving eNB to know which information will be used for RRM measurement configuration. Clarification is proposed in the new IE for the intended UL-DL configuration information in [6] according to the discussion in RAN3#81bis.
Proposal 2: When introducing relevant IE for intended UL-DL configuration, distinction between the existing Subframe Assignment and new intended UL-DL configuration should be clarified at the same time.
2.2 Subframe set dependent OI

In RAN3#81bis, the identical proposal in [3][4][5] is to transfer the subframe set dependent OI in LOAD INFORMATION message, while the details should await the further progress from RAN1.
Further RAN1 decisions on OI information is as following in [2]:
Agreement:

· The OI over X2 is subframe-set dependent (up to 2 sets)
· For subframe-set dependent OI, the association of the subframe-set dependent OI with each subframe is determined by X2 message(s)

· Details up to RAN3

· No consensus to introduce subframe-set dependent HII and RNTP for eIMTA

· No consensus to introduce information about a set of >1 UL-DL configurations over X2 for eIMTA
It’s observed that the OI over X2 is subframe-set dependent (up to 2 sets), where subframe-set dependent OI is a single OI for the subframe-set which contains one or more subframes. And it is up to RAN3 to decide on how the subframe sets are determined, and how the subframe information of each subframe set is transferred via X2 interface. 
With the introduction of eIMTA, it’s possible that an UL subframe in one cell can be dynamically reconfigured as a DL subframe, and potentially the inter-cell interference becomes severer. RAN1 has made significant effort on the evaluation of interference situations and interference mitigation schemes. Evaluations show that normally DL-to-UL (i.e. eNB-to-eNB) interference is significantly higher than UL-to-UL (UE in neighbour cells-to-eNB) interference. Although it’s up to (victim) eNB implementation on UL interference measurement and the indication of the interference level to its neighbors, it’s important to let the interfering eNB know which subframes at victim side suffer DL-to-UL interference, and which subframes suffer UL-to-UL interference, so that the interfering eNB can take proper actions to mitigate the interference. For example, 
· For the subframes where DL-to-UL interference is dominant, the interfering eNB may attempt to reduce the DL transmission power or even avoid scheduling DL transmission in the corresponding subframe(s).
· For the subframes where UL-to-UL interference is dominant, the interfering eNB may try to grant lower UL transmission power of the UEs, etc.
It should also be noted that what actions the interfering eNB will take to mitigate the interference is also up to implementation.
RAN1 decided that up to two sets of subframes should be defined to reflect the UL interference level. To minimize X2AP impact, the existing UL Interference Overload Indication IE can be reused for the set of subframes where UL-to-UL interference is dominant. A new IE can be defined to report the interference indication for the set of subframes where DL-to-UL interference is dominant or total interference is significantly high, together with the subframe indices associated with this OI bitmap. How to group the subframes into the two subframe sets is up to the eNB implementation according to the interference measured on the UL subframes. The extended OI IE can be defined like below: 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Associated Subframes
	M
	
	BITSTRING

(SIZE(6))
	A set of subframe(s) for which the UL interference overload indication is applicable to. 

The bitmap from the least significant bit position to the most significant bit position represents subframes #{2, 3, 4, 7, 8, 9} in a radio frame. 

Value "1" in a bit position indicates that the UL interference overload indication is applicable to the corresponding subframe; and value "0" indicates otherwise. 

The bit(s) in the bitmap corresponding to DL subframe(s) indicated by the SIB-1 UL-DL configuration shall be set to ‘0’.

	UL Interference Overload Indication
	M
	
	UL Interference Overload Indication

9.2.17
	


Proposal 3: Reuse existing UL Interference Overload Indication IE for OI report for the subframes where UL-to-UL interference is dominant. Define a new IE for the OI report for the subframes where DL-to-UL interference is dominant.
2.3 Supported scenarios

From the supported deployment scenarios in [1], it can be observed that: 

(1) Scenario 1 and scenario 3 refer to intra-frequency neighbor cells scenario

(2) Scenario 2 and scenario 4 refer to inter-frequency neighbor cells scenario

(3) Both intra-frequency and inter-frequency neighbor cells scenarios should be supported.

Current Load Indication procedure in X2AP is to transfer load and interference coordination information between eNBs controlling intra-frequency neighboring cells. However, for adjacent channel deployment of macro and small cells, i.e. scenario 2 and 4 evaluated in RAN1 [7], interference coordination is also necessary since adjacent channel eNB-to-eNB interference can still be high. According to RAN1 conclusion on scenarios, restriction of Load Indication procedure for Intra-frequency neighboring cells should be removed for TDD system from Rel-12, in order to support eIMTA in inter-frequency neighbor cells scenario as well. As consequence, corresponding changes should be made in section 8.3.1.1, e.g.:

“The purpose of the Load Indication procedure is to transfer load and interference co-ordination information between eNBs.”
Or

“The purpose of the Load Indication procedure is to transfer load and interference co-ordination information between eNBs controlling intra-frequency neighboring cells, and between eNBs controlling inter-frequency neighboring cells for TDD.”
Similar changes should also be made in section 8.3.1.2.  Since there is no requirement to extend the interference co-ordination between eNBs of inter-frequency scenario for FDD, the proposed CRs [6][8] adopt the latter way to make inter-frequency scenarios apply to TDD only.
Proposal 4: Load Indication X2AP procedure shall be extended to support inter-frequency neighbor cell for TDD system.

3. Conclusion
This contribution discusses potential RAN3 impact according to the RAN1 progress made so far in terms of deployment scenarios and backhaul signaling requirement, and takes RAN3#81bis discussions into account. Following proposals are made: 
Proposal 1: Exchange of cell’s intended UL-DL configuration information is supported by LOAD INFORMATION message.
Proposal 2: When introducing relevant IE for intended UL-DL configuration, distinction between the existing Subframe Assignment and new intended UL-DL configuration should be clarified at the same time.
Proposal 3: Reuse existing UL Interference Overload Indication IE for OI report for the subframes where UL-to-UL interference is dominant. Define a new IE for the OI report for the subframes where DL-to-UL interference is dominant.
Proposal 4: Load Indication X2AP procedure shall be extended to support inter-frequency neighbor cell for TDD system.

X2AP CR reflecting the above proposals is in [6]. Stage 2 CR reflecting proposal 4 is in [8]. It’s proposed to discuss and agree the CRs in [6][8].
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