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1 Introduction
In last meeting, RAN1 sent a LS R1-134981 [1] to RAN2, RAN3 and RAN4, to inform the groups following agreements made in RAN1#74bis that will, or may, affect the groups:

1) Decisions and agreements on the backhaul signaling
Working assumption:

· No interference type and/or interference source for subframe or subframe-set OI for eIMTA

· Companies are still encouraged to check whether or not there are significant benefits of introducing interference type and/or interference source

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

In this contribution, we analyze the potential RAN3 specifications impact [2] to support interference mitigation in TDD eIMTA.
2 Discussion
2.1 Interference and Interference mitigation
TS 36.211 specified seven UL-DL configurations for TDD LTE, as shown in Table 1. Among the UL-DL configurations, Subframe#2 is a fixed UL subframe, and Subframe#3-#4 and Subframe#7-#9 are flexible subframes because their transmission direction can be changed by using different configurations. 
eIMTA allows the cells to dynamically reconfigure their UL-DL configurations for traffic adaptation, which may result in UL-to-DL interference and DL-to-UL interference, as illustrated in Figure 1. In particular, flexible UL subframes may suffer from DL-to-UL interference and UL-to-UL interference, when the neighbor cells employ a different UL-DL configuration. Based on the types of interference, the UL subframes could be classified to the following three sets:
Set #1:
Fixed UL subframe (Subframe#2)

Set #2:
Flexible UL subframes without significant DL-to-UL interference
Set #3:
Flexible UL subframes with significant DL-to-UL interference.
Note that cell DL transmission powers are much stronger than UE UL transmission powers, so the effect of the DL-to-UL interference on packet throughput is generally severer than the effects of the other interferences. 
Table 1 TDD UL-DL configurations
	UL-DL
Configuration
	DL-to-UL
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	Flexible Subframes (F)
	
	
	
	F
	F
	
	
	F
	F
	F
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Figure 1 UL-to-DL interference and DL-to-UL interference from TDD eIMTA
RAN1 focuses on the interference mitigation schemes, such as cell clustering, scheduling dependent, and power control interference mitigation schemes [3], for eIMTA. In the cell clustering interference mitigation scheme, the cells could form clusters based on interference information, and the cells belonging to the same cluster may choose a similar (if not identical) UL-DL configuration to mitigate DL-to-UL interference. In scheduling dependent and power control interference mitigation schemes, a cell may adjust its resource allocation or transmission powers based on interference information, to reduce the interferences. Many contributions show that these interference mitigation schemes [4]-[7] provide significant gains in terms of packet throughput and UL SINR. However, all these interference mitigation schemes require detailed interference information.
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Figure 2 An example for interference mitigation
For example, consider as scenario with three Pico cells - A, B, and C as shown in Figure 2. Pico B is suffered from strong DL-UL interference generated by Pico A, and a relatively weak DL-UL interference from Pico C. If a new OI is provided to indicate the interference levels of the flexible UL subframes with significant DL-to-UL interference (Set#3), the Pico cells, A, B and C may evaluate the possible interference relations, using their scheduling information, TDD UL/DL configurations, radio resource status reports, and load information with the new OI from other cells, as depicted in Figure 3 and Figure 4. In Figure 3, Pico A finds that subframe#4 of Pico B suffers from strong interference and such strong interference could be caused by Pico C and itself. Due to their TDD UL/DL configurations, Pico A is more likely to be the aggressor than Pico C. Pico A may further check the interference relation between Pico B and itself via some unused or low-power DL RBs in subframe#4, as shown in Figure 4. After a medium-term or long-term information collection, the accuracy of the possible interference relations should become acceptable and useful for the interference mitigation schemes. 
Based on the above, the following observations can be made:
Observation 1: UL subframes in Set #2 should have nearly the same UL Interference Overload Indication value as those in Set #1, because both of these sets are mainly suffered from UL-to-UL interference.
Observation 2: Detailed interference information about the flexible subframes with significant DL-to-UL interference is useful for the interference mitigation schemes.
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Figure 3 Determination of possible interference relations in the example
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Figure 4 Determination of possible interference relations in the example
2.2 Subframe-set dependent OI
RAN1 has agreed on the desirability to exchange “subframe-set dependent OI (up to 2 sets)” over X2, where OI captures at least the total interference. There are at least two options for the subframe-set dependent OI:
Option A:
The sending eNB classifies UL subframes into two subframe sets, based on whether the subframe is suffered from significant DL-to-UL interference or not, and then reports OIs for these two subframe sets. According to the defined UL subframe sets in the previous subsection, the two subframe sets corresponds to “Set #1 + Set #2” and “Set #3”. The sending eNB may send a bitmap or some indices of the UL subframes that are “Set #3” so that the receiving eNB can know which subframes belong to “Set #3”.
Option B:
The sending eNB classifies UL subframes into two subframe sets, based on whether the subframe is a fixed UL Subframe or a flexible UL subframe, and then reports OIs for these two subframe sets. According to the defined UL subframe sets in the previous subsection, the two subframe sets corresponds to “Set #1” and “Set #2 + Set #3”. The receiving eNB knows which subframes are belonging to “Set #2 + Set #3”.
These two options are analysed as below:
· Option B is the simplest way, because the subframe sets are semi-static and it requires the least signalling overhead. However, the OI value of “Set #2 + Set #3” could be dominated by the interference level of “Set #3”, because the DL-to-UL interference is generally severer than the other interferences. It may be very difficult to use the OI value in the interference mitigation schemes.
· Option A is a way that fits in with Observation 1 and emphasizes which subframes are suffered from significant DL-to-UL interference. A bitmap or some indices are required to inform the receiving eNB which subframes are suffered from significant DL-to-UL interference, but such information is useful for the interference mitigation schemes.
Considering the potential benefits for interference mitigation, we propose the following:
Proposal 1: The LOAD INFORMATION message should support at least one new Additional UL Interference Overload Indication IE for the flexible UL subframes with significant DL-to-UL interference.
3 Conclusions
In this contribution, we analyze the potential RAN3 specifications impact to support interference mitigation in TDD eIMTA. Based on the analysis, the following is proposed:
Proposal 1: The LOAD INFORMATION message should support at least one new Additional UL Interference Overload Indication IE for the flexible UL subframes with significant DL-to-UL interference.
The related spec change is shown in Appendix.
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5 Appendix
Note that Intended TDD Subframe Assignment IE is added for the RAN1 agreements in [8].

Following information exchange is supported on the backhaul to enable interference mitigation in TDD eIMTA
· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration 

It is a common RAN1 understanding that IE “Subframe Assignment” defined in X2 AP interface refers to the SIB 1 UL-DL configuration. 
8.3.1.2
Successful Operation
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Figure 8.3.1.2-1: Load Indication, successful operation 

An eNB initiates the procedure by sending LOAD INFORMATION message to eNBs controlling intra-frequency neighbouring cells. 

If the UL Interference Overload Indication IE is received in the LOAD INFORMATION message, it indicates the interference level experienced by the indicated cell on all resource blocks, per PRB. The receiving eNB may take such information into account when setting its scheduling policy and shall consider the received UL Interference Overload Indication IE value valid until reception of a new LOAD INFORMATION message carrying an update of the same IE.

If the UL High Interference Indication IE is received in the LOAD INFORMATION message, it indicates, per PRB, the occurrence of high interference sensitivity, as seen from the sending eNB. The receiving eNB should try to avoid scheduling cell edge UEs in its cells for the concerned PRBs. The Target Cell ID IE received within the UL High Interference Information IE group in the LOAD INFORMATION message indicates the cell for which the corresponding UL High Interference Indication is meant. The receiving eNB shall consider the value of the UL High Interference Information IE group valid until reception of a new LOAD INFORMATION message carrying an update.

If the Relative Narrowband Tx Power (RNTP) IE is received in the LOAD INFORMATION message, it indicates, per PRB, whether downlink transmission power is lower than the value indicated by the RNTP Threshold IE. The receiving eNB may take such information into account when setting its scheduling policy and shall consider the received Relative Narrowband Tx Power (RNTP) IE value valid until reception of a new LOAD INFORMATION message carrying an update.

If the ABS Information IE is included in the LOAD INFORMATION message, the ABS Pattern Info IE indicates the subframes designated as almost blank subframes by the sending eNB for the purpose of interference coordination. The receiving eNB may take such information into consideration when scheduling UEs.
The receiving eNB may use the Measurement Subset IE received in the LOAD INFORMATION message, for the configuration of specific measurements towards the UE.

The receiving eNB shall consider the received information as immediately applicable. The receiving eNB shall consider the value of the ABS Information IE valid until reception of a new LOAD INFORMATION message carrying an update. 

If an ABS indicated in the ABS pattern info IE coincides with a MBSFN subframe, the receiving eNB shall consider that the subframe is designated as almost blank subframe by the sending eNB.

If the Invoke Indication IE is included in the LOAD INFORMATION message, it indicates which type of information the sending eNB would like the receiving eNB to send back. The receiving eNB may take such request into account.

If the Invoke Indication IE is set to "ABS Information", it indicates the sending eNB would like the receiving eNB to initiate the Load Indication procedure, with the LOAD INFORMATION message containing the ABS Information IE indicating non-zero ABS patterns in the relevant cells.
If the Intended TDD Subframe Assignment IE is included in the LOAD INFORMATION message, it indicates the intended UL-DL configuration of the sending eNB. The receiving eNB may take the received information into consideration when scheduling UEs and performing interference coordination.  The receiving eNB shall consider the received information as immediately applicable, and shall consider the received information valid until reception of a new LOAD INFORMATION message carrying an update of the same IE.
If the Additional UL Interference Overload Indication IE is received in the LOAD INFORMATION message, it indicates the interference level experienced by the indicated cell on all resource blocks, per PRB, applicable to the UL subframes with significant DL-to-UL interference. The receiving eNB may take such information into account when setting its scheduling policy and performing interference coordination, and shall consider the received Additional UL Interference Overload Indication IE value valid until reception of a new LOAD INFORMATION message carrying an update of the same IE. When this IE is present, the UL Interference Overload Indication IE is applicable for the other UL subframes.
9.1.2.1
LOAD INFORMATION
This message is sent by an eNB to neighbouring eNBs to transfer load and interference co-ordination information. 

Direction: eNB1 ( eNB2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Cell Information
	M
	
	
	
	YES
	ignore

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell
	–
	–

	>>UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>UL High Interference Information
	
	0 .. <maxCellineNB>
	
	
	–
	–

	>>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the HII is meant
	–
	–

	>>>UL High Interference Indication
	M
	
	9.2.18
	
	–
	–

	>>Relative Narrowband Tx Power (RNTP)
	O
	
	9.2.19
	
	–
	–

	>>ABS Information
	O
	
	9.2.54
	
	YES
	ignore

	>>Invoke Indication
	O
	
	9.2.55
	
	YES
	ignore

	>> Intended TDD Subframe Assignment
	O
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6,…)
	Intended Uplink-downlink subframe configuration information defined in TS 36.211 [10]. This IE applies to TDD only and is independent with SIB1 UL-DL configuration.
	YES
	ignore

	>>Additional UL Interference Overload Information
	O
	
	9.2.xx
	This IE applies to TDD only 
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


9.2.x
Additional UL Interference Overload Indication Information
This IE provides, per PRB, a report on interference overload. The interaction among the indications of UL Interference Overload, Additional UL Interference Overload, and UL High Interference is implementation specific.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Additional UL Interference Overload Indices
	M
	
	BIT STRING (SIZE(8))
	Each position in the bitmap represents a UL subframe, for which value ‘"1" indicates ‘The interference levels of the UL subframe is presented by the Additional UL Interference Overload Indication’ and value "0" indicates ’The interference levels of the UL subframe is presented by the UL Interference Overload Indication’. The maximum number of UL subframes is 8.

	UL Interference Overload Indication
	M
	
	UL Interference Overload Indication

9.2.17
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