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1. Introduction

In RAN1 #72bis meeting, some agreement for backhaul signaling to facilitate eIMTA interference mitigation was reached.
· Backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA
· Working assumption that new backhaul signaling capturing eNB-to-eNB interference is to be introduced
· To be confirmed if gains are shown by evaluations in following meeting(s)
· FFS on the detailed contents of the information on eNB-to-eNB interference
· Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to:
· impose mandatory behaviour in the receiving eNB 

· impose new requirements on the accuracy of eNB measurements (unless shown to be beneficial)

· impose new architecture for LTE
Note that this does not preclude consideration in RAN1 of any feedback from RAN4.
In RAN1 #73 meeting, the subframe sets dependent interference mitigation framework for eIMTA was agreed.

· In UL, at least two subframe sets can be configured, and for each subframe set,
· support separate open-loop power control parameters (P0 and alpha)
· FFS the application of these parameters to different channels e.g, PUSCH, SRS, PUCCH
· FFS separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal
· FFS if additional (more than two) subframe sets are needed
· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe
· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes
· FFS further details of the required specification support
In this contribution, we discuss the backhaul signaling design issue for eIMTA. To enable the subframe sets dependent interference mitigation framework, some additional backhaul signaling may be needed to determine the different subframe sets, report the interference situation in different subframe sets, and indicate the resource allocation in different subframe sets. Also, based on the observation that dynamic TDD is not always beneficial for system performance, we propose to turn on and off the eIMTA capability adaptively. Therefore, an indicator of the eIMTA capability will be helpful to avoid the unnecessary interference mitigation operations when dynamic TDD is turned off.
2. Subframe Sets Dependent Interference Mitigation
For a dynamic TDD system with different UL-DL configurations, at least two subframe sets can be distinguished, e.g., fixed subframes and flexible subframes, which can be defined according to the transmission direction of each subframe. Note that the definition of fixed subframes and flexible subframes can be either semi-static or more dynamic (see more detailed discussion in Section 3.1). It is generally observed [1-4] that in a dynamic TDD system, the interference situations in fixed subframes and flexible subframes are significantly different and the latter is more challenging, especially for data reception in a flexible UL subframe due to strong eNB-to-eNB interference. Therefore, different interference mitigation schemes should be applied to fixed and flexible subframes, respectively.
Within the subframe sets dependent interference mitigation framework, different interference mitigation schemes [5] can be implemented, including UL power control, DL power control, scheduling dependent interference mitigation (SDIM), frequency domain ICIC [6], etc. In RAN1 #73 meeting, UL open-loop power control (UL OL PC) was agreed to be supported within this framework. However, since the eNB-to-eNB interference is very strong, UL OL PC may NOT be sufficient for the UL flexible subframes that suffer from such kind of strong interference. In [6], we show the performance limitation of UL OL PC and propose to adopt subframe sets dependent frequency domain ICIC (SSD-ICIC) to effectively avoid the strong eNB-to-eNB interference, especially for the future dense small cell deployment scenario.
In the following section, we discuss the necessary backhaul signaling design for eIMTA to enable the subframe sets dependent interference mitigation framework, which can support different interference mitigation schemes within this framework.
3. Backhaul Signaling Design
3.1 Identification of Flexible Subframes
For subframe sets dependent interference mitigation and CSI measurement/report, the first step is how to identify flexible subframes. There are 7 TDD UL-DL configurations defined in TD-LTE [7] (cited in Table I) and the TDD UL-DL configuration signaled by SIB1 can only be semi-statically changed. In the current X2AP [8], TDD UL-DL configuration information (signaled by SIB1) can be exchanged between two eNBs via the eNB configuration update procedure. With the assumption that DL subframes signaled by SIB1 cannot be changed to UL (to maintain the backwards compatibility), the candidate TDD UL-DL configurations for dynamic TDD will be restricted to those whose DL subframes are superset of DL subframes signaled by SIB1. Therefore, flexible subframes can be identified in a semi-static way according to the TDD UL-DL configuration signaled by SIB1. For example, when the TDD UL-DL configuration signaled by SIB1 is Configuration 0, subframes 3, 4, 7, 8, and 9 are all flexible subframes. This method is simple but not accurate, because not all the candidate TDD UL-DL configurations will be simultaneously used within a given period in a practical dynamic TDD system. For example, when Configuration 1 and 6 are actually used among neighboring cells, only subframe 4 is flexible subframe. This inaccurate identification of flexible subframes will lead to unnecessary interference mitigation operations. Taking UL OL PC for example, this inaccurate identification of flexible subframes will lead to unnecessary UL power boosting in subframes 3, 7, 8 and 9. So from either energy saving or simplifying operation point of view, this situation should be avoided whenever possible.
Table I. TDD UL-DL configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

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


In order to support more accurate identification of flexible subframes, and therefore, more efficient interference mitigation operations, the dynamic TDD UL-DL configuration information should also be added to X2 signaling and exchanged between eNBs. Here we may have two options:
· Option 1: Enumeration of the instantaneous TDD UL-DL configuration
· Each time dynamic TDD UL-DL reconfiguration happens, the current TDD UL-DL configuration information is exchanged via X2 signaling between eNBs.
· Option 2: Bitmap for the dynamic TDD UL-DL configuration subset

· A memory window is defined, e.g., 640ms. Only the actually used TDD UL-DL configurations within this memory window, i.e., a dynamic TDD UL-DL configuration subset, should be exchanged via X2 signaling between eNBs. For example, a 7-bit bitmap can be introduced to indicate the dynamic TDD UL-DL configuration subset.
Considering the reconfiguration time scale in dynamic TDD system and the delay of X2AP, Option 2 seems more feasible and more detailed X2 signaling design can be FFS.
Observation 1：To support more accurate identification of flexible subframes, X2 signaling should support dynamic TDD UL-DL configuration information exchange, e.g.,
· Enumeration of the instantaneous TDD UL-DL configuration
· Bitmap for the dynamic TDD UL-DL configuration subset
3.2 Subframe Sets Dependent ICI Notification
For more elaborate interference mitigation schemes (other than the straightforward UL OL PC) within the subframe sets dependent framework, e.g., SDIM, SSD-ICIC, DL power control, etc., we need more accurate information about interference, such as the location of interference in the frequency domain. Frequency domain ICIC has been supported in LTE since Rel-8 to provide RB-level interference coordination among neighboring cells, with the related X2 signaling of IOI and HII [8]. Therefore, an extension of the existing IOI (as well as HII, see Section 3.3) may be straightforward to differentiate interference situation in fixed and flexible subframes [9-11]. As for the enhanced IOI, we may have 3 options:
· Option 1: Single IOI report with the UL interference fluctuation indicator
· Add the UL interference fluctuation information to the existing IOI to indicate the interference difference between fixed and flexible subframes. In Option 1, eNB should measure PRB-based interference in fixed and flexible UL subframes, respectively. Then eNB calculates the normalized UL interference fluctuation with respect to the UL interference in fixed subframes and quantify it to one of several discrete levels, e.g., low, medium, or large, according some predefined thresholds. With this UL interference fluctuation indicator together with the existing IOI for fixed UL subframes, the neighboring eNB could also infer the interference situation in flexible UL subframes.
· Option 2: Dual-IOI report with the subframe type indicator
· Introduce dual-IOI report for fixed and flexible subframes, respectively. In Option 2, eNB also measures PRB-based interference in fixed and flexible UL subframes, respectively. Now a subframe type indicator will be added to the existing IOI. Then eNB can send dual-IOI report together with this subframe type indicator via X2 signaling to its interfering eNBs.
· Option 3: Dual-IOI report with the interference type indicator
· Introduce dual-IOI report for DL (eNB) and UL (UE), respectively. In Option 3, eNB should measure PRB-based interference coming from DL (eNB) and UL (UE), respectively. And an interference type indicator will be added to the existing IOI. Then eNB can send dual-IOI report together with this interference type indicator via X2 signaling to its interfering eNBs.
To support the above enhanced IOI schemes, different eNB measurement schemes should be implemented, e.g., static measurement based on RSRP or dynamic measurement based on instantaneous data transmission. Generally speaking, eNB measurement is an implementation issue and has no specification impact. However, the proper eNB measurement scheme may also have some relationship with the ongoing discussion about subframe sets dependent CSI measurement/report.
Observation 2：To support subframe sets dependent ICI notification, some enhancement to the existing IOI may be considered, e.g.,
· Single IOI report with the UL interference fluctuation indicator

· Dual-IOI report with the subframe type indicator

· Dual-IOI report with the interference type indicator
3.3 Subframe Sets Dependent Inter-cell Resource Allocation Indication
For the similar reason stated in Section 3.2, the enhanced HII can be a natural extension of the existing HII for dynamic TDD system, which is useful for different interference mitigation schemes, such as SDIM, SSD-ICIC, and DL power control, etc. A subframe type indicator can be added to the existing HII, so an eNB can notify its interfering eNBs its interference sensitive PRB positions in the fixed and flexible UL subframes, respectively. Therefore, the interfering eNBs could apply proper scheduling strategies (including DL power control) or coordinated inter-cell resource allocation in the flexible UL subframes to mitigate or avoid the strong eNB-to-eNB interference. One straightforward example can be found in our companion contribution [6], where DL and UL transmission can be orthogonalized in flexible subframes among interfering cells. Therefore, the strong eNB-to-eNB interference can be completely avoided and the UL packet throughput can be effectively increased.
Observation 3：To support subframe sets dependent inter-cell resource allocation indication, some enhancement to the existing HII may be considered, e.g.,
· Dual-HII report with the subframe type indicator

3.4 eIMTA Capability Indicator
Dynamic TDD is NOT always beneficial for the system performance, e.g., when the traffic load is high [5] or the small cells are densely deployed [12]. Based this observation, we propose that the dynamic TDD UL-DL reconfiguration functionality should be able to be turned on and off. Therefore, an indicator of the eIMTA capability will be helpful to avoid the unnecessary interference mitigation operations when the dynamic TDD UL-DL reconfiguration functionality is turned off. For example, when dynamic TDD is disabled, i.e., the system falls back to fixed TDD operation, all the dynamic TDD related interference mitigation, interference measurement, and X2 signaling exchange, etc., can be suspended to simplify the system operation for energy saving and signaling overhead reduction.
Observation 4：Dynamic TDD is NOT always beneficial for the system performance.

Proposal 1: The dynamic TDD UL-DL reconfiguration functionality should be able to be turned on and off.
Proposal 2: Following backhaul signaling should be supported for eIMTA:
· Dynamic TDD UL-DL configuration to assist determination of fixed and flexible subframes

· Enhanced IOI to report the different interference situations in fixed and flexible subframes

· Enhanced HII to indicate interference sensitive resource allocation in fixed and flexible subframes
· eIMTA capability indicator to ease system operation
4. Summary
In this contribution, we discussed the backhaul signaling design issue for eIMTA. In order to facilitate eIMTA interference mitigation, four additional backhaul signaling should be introduced, i.e., dynamic TDD UL-DL configuration, enhanced IOI, enhanced HII, and eIMTA capability indicator. Our observations and proposals can be summarized as follows.
Observation 1：To support more accurate identification of flexible subframes, X2 signaling should support dynamic TDD UL-DL configuration information exchange, e.g.,

· Enumeration of the instantaneous TDD UL-DL configuration
· Bitmap for the dynamic TDD UL-DL configuration subset
Observation 2：To support subframe sets dependent ICI notification, some enhancement to the existing IOI may be considered, e.g.,

· Single IOI report with the UL interference fluctuation indicator

· Dual-IOI report with the subframe type indicator

· Dual-IOI report with the interference type indicator
Observation 3：To support subframe sets dependent inter-cell resource allocation indication, some enhancement to the existing HII may be considered, e.g.,
· Dual-HII report with the subframe type indicator

Observation 4：Dynamic TDD is NOT always beneficial for the system performance.

Proposal 1: The dynamic TDD UL-DL reconfiguration functionality should be able to be turned on and off.
Proposal 2: Following backhaul signaling should be supported for eIMTA:

· Dynamic TDD UL-DL configuration to assist determination of fixed and flexible subframes

· Enhanced IOI to report the different interference situations in fixed and flexible subframes

· Enhanced HII to indicate interference sensitive resource allocation in fixed and flexible subframes
· eIMTA capability indicator to ease system operation
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