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Discussion and Decision
Introduction
In this contribution, we provide our views on X2AP signaling support for eIMTA. The RAN3 WG has received two LSs from the RAN1 WG, containing information to be exchanged over X2AP to facilitate interference management and traffic adaptation in LTE-TDD systems with dynamic UL-DL configuration. In our view, there are two main discussion topics: signaling of intended UL-DL configuration and modification of the overload interference indication (OI) signaling.
At the RAN1#74 meeting, the LS [1] was prepared and sent to RAN3 WG, where it was agreed that:

· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration is exchanged on the backhaul to enable interference mitigation in TDD eIMTA.
In addition, at the RAN1#74bis RAN1 WG has made agreements with regard to overload interference indication reporting and concluded that [2]: 

· 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 WG
· 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 provide our views on the new X2AP signaling to be introduced for eIMTA support.
Information on intended UL-DL configuration
There are seven UL-DL configurations that can be configured in LTE-TDD systems (see Figure 1). The UL-DL configuration is characterized by different number of DL and UL subframes, reflecting potentially different demands of spectrum resource in DL and UL transmission direction.
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Figure 1. Set of supported UL-DL configurations.
The motivation to exchange intended UL-DL configuration is to facilitate the cell clustering based interference mitigation, where strongly coupled cells may in general align their own transmission direction and use the same UL-DL configuration to avoid strong impact from the DL-UL interference. The intended UL-DL configuration implicitly represents traffic demands in each of the transmission direction or amount of resources that cell plans to reserve for DL and UL transmission. In general, the intended UL-DL configuration may need to be update frequently based on traffic variation and asymmetry. In addition, the exchange of the intended UL-DL configuration may facilitate proper configuration of the resources to be used for CSI measurements. 
It should be noted that according to the RAN1 WG agreements DL subframes, indicated as DL by semi-statically configured UL-DL configuration carried in SIB1) cannot be converted to UL in order to preserve backward compatibility with legacy UEs.
Cells may exchange intended UL-DL configurations, however it does not force other cells to use the same UL-DL configuration and also does not obligate the sender to follow it. However, it does allow the cells to converge to the common UL-DL configuration to be used in order to prevent strong impact of DL-UL interference in case of coupled cells. The method to align actual UL-DL configuration is left for vendor implementation.
A number of options may be used to transfer the intended UL-DL configuration, however noting that this information may be sent as frequently as 10ms it is important to select a message that does not carry unnecessary overhead and can be exchanged with the required frequency. X2AP LOAD INFORMATION seems to be a good candidate to carry this information. Other alternatives of introducing a new X2AP message or re-using ENB CONFIGURATION UPDATE messages seem unjustified.

Proposal 1: It is proposed to enhance X2AP LOAD INFORMATION message to carry intended UL-DL configuration as illustrated below. 
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 UL-DL Configuration
	O
	
	9.2.x
	
	YES
	ignore


	Range bound
	Explanation

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


9.2.x
Intended UL-DL Configuration
This IE provides information about the intended subframe configuration as defined in TS 36.211 [10].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Intended UL-DL Configuration
	M
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6,…)
	


In addition RAN1 WG has agreed that UL-DL configuration may change every 10ms, however larger time scales are not precluded by implementation. With the 10ms traffic adaptation timescale it may be challenging to follow DL-UL interference in systems with non-ideal backhaul, that may degrade performance in coupled cells. For that reason in case of coupled cells and non-ideal backhaul it may be reasonable to have configurable traffic adaptation timescale (e.g. 10ms, 40ms, 80ms, 160ms) so that even coupled cells with non-ideal backhaul can better coordinate their transmission direction w/o causing strong DL-UL interference to each other. This information may be also exchanged over X2 interface. It should be noted that RAN1 WG also discusses the possibility to introduce a modification period during which the UE can assume the same UL-DL configuration. The exchange of information on adaptation timescale may be a straightforward representation of modification period discussed by RAN1 WG.

Proposal 2: To discuss whether X2AP information exchange is needed to transfer UL-DL adaptation timescale.

Update of the Overload Interference Indication 
According to the RAN1 WG agreements, the OI should be subframe-set dependent and the association of the subframe-set dependent OI with each subframe is determined by X2 message(s). The details are left for RAN3 WG decision. It has to be noted that OI is currently used to indicate overload in terms of UL inter-cell interference only. The reporting is not subframe dependent but rather PRB dependent, i.e. interference experienced by eNodeB on all uplink subframes.
In LTE-TDD systems, SIB1 UL subframes may be of two types (see Figure 1):

· Static UL subframes. In this subframes only UL inter-cell interference exist;

· Flexible UL subframes. These subframes may suffer from UL inter-cell interference as well as DL-UL interference (i.e. eNodeB-to-eNodeB) interference. The latter may be very strong in LTE-TDD systems with dynamic UL-DL reconfiguration. It should be also noted that two types of DL-UL interference may exist depending on scenario: co-channel and combination of co-channel and adjacent channel DL-UL interference since RAN1 WG has prioritized the work on Scenario 3 (Pico only) and Scenario 4 (Macro+Pico adjacent channel) [1].
The open question, which is left for RAN3 WG consideration is how to define and signal the subframe sets. In our view, subframe sets should be selected from potential UL subframes only (i.e. subframes # 2, 3, 4, 7, 8, 9). In synchronized TDD deployments, each UL subframe except #2 can potentially suffer from DL-UL interference. However, the particular set of subframes that can be distorted by DL-UL interference depends on SIB1 UL-DL configuration. For instance, if UL-DL configuration #1 is configured by SIB1 then subframes #4, and #9 are static DL subframes and should be excluded from consideration. In this example, only subframes # 2, 3, 7, 8 are UL subframes. In another example, the SIB1 may configure UL-DL configuration #0, however given cell may never use UL-DL configuration #5 or #2 for traffic adaptation. In this case, subframe #3 may be considered as static UL subframes however it may still be a subject of DL-UL interference coming from neighbor cells that may use, if there is no adjacent channel interference.

The simple solution is to signal a bitmap indicating overload for each UL subframe. This provides additional information that may be used for interference mitigation and the X2 signaling overhead is small.

Proposal 3: It is proposed to signal a bitmap indicating overload for each UL subframe. 
Another issue that needs to be discussed is whether to signal the total interference or to indicate the interference type, i.e. DL-UL or UL-UL. It is proposed to discuss whether differentiating between interference types is beneficial.
Proposal 4: It is proposed to discuss whether differentiating between interference types is beneficial.

Furthermore it is proposed to define associated Xn signaling as follows.

Proposal 5: It is proposed to signal OI as follows.

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

	>>Extended UL Interference Overload Indication
	O
	
	9.2.x
	
	YES
	ignore


	Range bound
	Explanation

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


9.2.x
Extended UL Interference Overload Indication
This IE provides information about the extended UL interference overload.

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

	Extended UL Interference Overload Indication
	M
	0..8
	
	

	  >Total UL Interference Overload Indication
	O
	
	9.2.17
	


Conclusion
In this contribution, we discuss the X2AP signaling support for eIMTA. Based on the above discussion it is proposed to agree the following:
Proposal 1: It is proposed to enhance X2AP LOAD INFORMATION message to carry intended UL-DL configuration as illustrated in this contribution. 
Proposal 2: To discuss whether X2AP information exchange is needed to transfer UL-DL adaptation timescale.
Proposal 3: It is proposed to signal a bitmap indicating overload for each UL subframe. 
Proposal 4: It is proposed to discuss whether differentiating between interference types is beneficial.
Proposal 5: It is proposed to signal OI as illustrated in this contribution.
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