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1. Introduction

In RAN1 #74bis meeting, some working assumption and agreement for eIMTA backhaul signaling was reached [1].
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 further discuss the backhaul signaling design issue for eIMTA, including subframe-set identification, interference type indicator, subframe-set dependent HII, and traffic adaptation ON/OFF status indication.
2. Discussion on eIMTA Backhaul Signaling
2.1 Subframe-set Identification
For subframe-set dependent interference mitigation, one critical step is to identify subframe-sets, i.e., fixed and flexible subframes. Generally speaking, there are two methods to identify subframe-sets, i.e., semi-static or dynamic identification. Both methods can be supported by the existing or agreed X2 message(s) in an implicit way.
As we pointed out in [2], semi-static subframe-set identification can be implemented based on the TDD UL-DL configuration signaled by SIB1. With the additional a cell’s intended UL-DL configuration, dynamic subframe-set identification can be further supported. For example, by comparing the received SIB1 and intended TDD UL-DL configurations, the receiving eNB can infer the fixed and flexible subframes; therefore, two subframe-sets can be identified and associated with each subframe.

Observation 1: The association of the subframe-set dependent OI with each subframe can be determined by the existing or agreed X2 message(s) in an implicit way. Therefore, no explicit signaling is needed for this purpose.
2.2 Interference Type Indicator
Both the total interference and the strongest interfering eNBs could be measured, but it is enough for subframe-set dependent OI to indicate the total interference, because the victim eNB can selectively send OI to its strongest interfering eNBs to request inter-cell interference coordination. To support the subframe-set dependent OI, different eNB-to-eNB measurement scheme could be implemented, e.g., static measurement based on RSRP, dynamic measurement based on instantaneous data transmission, or both, which is implementation issue and has no specification impact.
Observation 2: Subframe-set dependent OI to capture the total interference is enough and the additional information about interference type and/or interference source is not necessary.
2.3 Subframe-set Depend HII
In RAN1 #74bis meeting, no consensus was reached for subframe-set dependent HII due to several companies’ objection. In this section, we will further explain the necessity of subframe-set dependent HII.
As we know, in dynamic TDD system the interference situation in fixed and flexible UL subframes is significantly different, due to the strong eNB-to-eNB interference. Therefore, the subframe-set dependent interference mitigation framework was agreed in RAN1 [3], within which different interference mitigation schemes could be supported. UL open-loop power control (UL OL PC) is simple, but it may NOT be sufficient to handle the strong eNB-to-eNB interference in flexible UL subframes [4]. Therefore, it’s necessary to further support additional interference mitigation schemes, including subframe-set dependent ICIC (SSD-ICIC) [4], scheduling dependent interference mitigation (SDIM), or cell clustering interference mitigation (CCIM) [5], etc., which motivates the introduction of subframe-set dependent OI (SSD-OI).
Since LTE Rel-8, OI and HII is a pair of X2 signaling for either reactive or proactive UL ICIC. It may be straightforward to extend them to be subframe-set dependent for dynamic TDD system. In RAN1 #74bis meeting, subframe-set dependent OI (up to 2 sets) was agreed to indicate the UL interference situation in fixed and flexible UL subframes. In the current X2AP [6], HII provides, per PRB, a 2 level report on interference sensitivity. As for the extension of legacy HII to subframe-set dependent HII, there may be multiple motivations:

· The eNB-to-eNB interference is independent of resource allocation to different UEs (except for muting), therefore, it is less frequency-selective than the UL interference generated by UEs. So OI for flexible UL subframes is likely to be wideband and cannot provide subband level information to assist more accurate interference mitigation operations.
· Considering the large SINR variation in two UL subframe types, UL interference sensitivity (given the same target UL SINR) will be subframe-set dependent. Therefore, subframe-set dependent HII is useful to discriminate this difference of interference sensitivity in two subframe-sets. Although it could be claimed that by proper scheduling, all the interference sensitive UEs could be scheduled into fixed UL subframes, however, considering the limited number of fixed UL subframes (actually there will be only one fixed UL subframe for most cases), whether this scheduling constraint can be satisfied in practice is questionable, not to mention the increased scheduling complexity.
· For legacy HII, the expected behavior of  receiving eNB is not to schedule cell edge UEs in UL subframes on RBs indicated by HII. However, this will leave the expected behavior of receiving eNB in flexible DL subframes undefined, which actually is much more important for interference mitigation of dynamic TDD. So from the specification integrity point of view, it will be necessary to introduce subframe-set dependent HII.
In summary, according RAN1’s agreements until now, only SSD-OI is supported. However, this is not a complete solution yet, because for UL OL PC, SSD-OI is not necessary, while for other interference mitigation schemes (e.g., CCIM, SDIM, SSD-ICIC, etc.), the requirement of SSD-OI may be different. For example, wideband SSD-OI is enough for CCIM, while for SDIM and SSD-ICIC subband SSD-OI is needed.

In order to solve the above problem, we may have two alternatives:

· Alt. 1: Introduce SSD-HII

· Alt. 2: Define SSD-OI to be logical AND of legacy OI and legacy HII
Obviously, Alt. 1 is more straightforward and can keep consistency with the existing definitions in current specifications.

Observation 3: Subframe-set dependent HII can provide subband scheduling information for interference coordination in flexible UL subframes, which generally cannot be provided by subframe-set dependent OI.
Observation 4: UL interference sensitivity in dynamic TDD system is subframe-set dependent.
Observation 5: Legecy HII cannot support interference mitigation in flexible UL subframes.
Proposal 1: Introduce subframe-set dependent HII to indicate interference sensitivity per PRB for fixed and flexible UL subframes, respectively.
2.4 Traffic Adaptation ON/OFF Status Indication
Traffic adaptation (TA) is NOT always beneficial for the system performance, e.g., when the traffic load is high [5], the small cells are densely deployed [7], or legacy UEs are the majority. Therefore, interference mitigation (IM) is not always needed. Based this observation, dynamic TDD functionalities (including TA and IM) should be able to be turned on and off. For example, when dynamic TDD is not beneficial, the system falls back to fixed TDD operation. Then all the dynamic TDD related interference mitigation, interference measurement, L1 and X2 signaling (such as reconfiguration signaling, intended UL-DL configuration, subframe-set dependent OI/HII), reference configurations for DL/UL HARQ, etc., could be disabled to simplify and/or stabilize the system operation.
The fall-back operation from dynamic TDD to fixed TDD is simple for isolated cells because it will not influence the operation of other cells. However, for the scenario of multi-pico cells, especially clustered small cells, the fall-back operation should be jointly considered among multiple cells within the same cluster, because even if only one eNB within the cluster uses TA, all the other eNBs have to do IM to handle the eNB-to-eNB interference. Note that TA ON/OFF is determined by each cell independently, while IM ON/OFF is jointly determined by all the cells within the cluster.
In order to assist the decision of IM ON/OFF in the cluster-level fall-back operation from dynamic TDD to fixed TDD, the TA ON/OFF status should be indicated by X2 signaling, either implicitly or explicitly. One example is illustrated in Fig. 1, where in order to achieve the throughput gain of dynamic TDD, all the eNBs in a cluster turn off IM only if all the eNBs have turned off TA, while all the eNBs in a cluster turn on IM if only one eNB turns on TA.
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Figure 1. Cluster-level fall-back operation from dynamic TDD to fixed TDD

As for the TA ON/OFF status indication over X2, there are two alternatives:

· Alt. 1: Explicit indication

One-bit TA ON/OFF status indicator is introduced, which can provide simple and accurate TA ON/OFF status information. Also, the signaling overhead is negligible.
· Alt. 2: Implicit indication

Implicit indication is also possible based on either the agreed X2 signaling or implementation. For example,

· When the intended UL-DL configuration is absent or the same as that signaled by SIB1, it is inferred that one eNB turns off its TA. Obviously, this method is inaccurate and may cause false alarm, because the reconfiguration and its time interval could be random.
· When the eNB-to-eNB interference is below a given threshold, it is inferred that one eNB turns off its TA. This method will suffer from measurement delay and accuracy. Also, how to set the interference threshold is vendor specific, so it may be difficult to obtain the unified fall-back behavior.

Observation 6: The fall-back operation from dynamic TDD to fixed TDD should be jointly considered among multiple cells within the same cluster.
Observation 7: The traffic adaptation ON/OFF status could be indicated explicitly or implicitly over X2.
Proposal 2: Ask RAN3 for the detailed X2 signaling design for the traffic adaptation ON/OFF status indication.
3. Summary
In this contribution, we further discussed the backhaul signaling design issue for eIMTA, including subframe-set identification, interference type indicator, subframe-set dependent HII, and traffic adaptation ON/OFF status indication. The observations and proposals are summarized as follows.
Observation 1: The association of the subframe-set dependent OI with each subframe can be determined by the existing or agreed X2 message(s) in an implicit way. Therefore, no explicit signaling is needed for this purpose.
Observation 2: Subframe-set dependent OI to capture the total interference is enough and the additional information about interference type and/or interference source is not necessary.
Observation 3: Subframe-set dependent HII can provide subband scheduling information for interference coordination in flexible UL subframes, which generally cannot be provided by subframe-set dependent OI.
Observation 4: UL interference sensitivity in dynamic TDD system is subframe-set dependent.
Observation 5: Legecy HII cannot support interference mitigation in flexible UL subframes.
Observation 6: The fall-back operation from dynamic TDD to fixed TDD should be jointly considered among multiple cells within the same cluster.
Observation 7: The traffic adaptation ON/OFF status could be indicated explicitly or implicitly over X2.
Proposal 1: Introduce subframe-set dependent HII to indicate interference sensitivity per PRB for fixed and flexible UL subframes, respectively.
Proposal 2: Ask RAN3 for the detailed X2 signaling design for the traffic adaptation ON/OFF status indication.
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