3GPP TSG RAN WG1 meeting #73
 





 



 R1-132404
Fukuoka, Japan, May 20-24, 2013

Agenda Item:
6.2.3.1
Source:
Huawei, HiSilicon
Title:
Discussion on eNB-to-eNB interference signalling for TDD eIMTA
Document for:
Discussion and decision 
1 Introduction

In RAN1#72bis meeting, it was agreed that backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA and that whether new backhaul signaling capturing eNB-to-eNB interference is to be introduced shall be confirmed if gains are shown by evaluations in following meeting(s) [1].

Due to the short time between meetings, in this contribution we discuss the details of the potential new backhaul signaling and the expected benefits for both SIDM and CCIM schemes, and we defer a thorough evaluation of the gains of signaling capturing eNB-to-eNB interference to a later meeting.   
2 Backhaul signalling of TDD-specific cross-link interference
In addition to classical uplink-to-uplink (UL-to-UL) and downlink-to-downlink (DL-to-DL) inter-cell interference, a TDD system with dynamic reconfiguration of TDD radio frames in adjacent cells may suffer TDD-specific cross-link interference in subframes where neighbouring cells have different transmission direction comprising: 
· eNB-to-eNB or downlink-to-uplink (DL-to-UL) inter-cell interference, in which the uplink transmission in the serving cell is interfered by the downlink transmission in neighbouring cells;

· uplink-to-downlink (UL-to-DL) inter-cell interference produced at the receiver of a mobile station by uplink transmission ongoing in neighbouring cells.    

In this contribution we consider inter-cell interference in uplink subframes experienced at the eNB, i.e., UL-to-UL and DL-to-UL (a.k.a. eNB-to-eNB) interference. 

In a legacy TDD LTE system, an eNB can measure the average UL-to-UL inter-cell interference and report an overload indicator (OI) to neighbouring eNBs over X2 interface denoting the measured interference plus noise power on a PRB-basis as low, medium or high. Moreover, an high interference indicator (HII), indicating the occurrence of high interference sensitivity as per PRB-basis in the uplink, can further be signaled over the X2 interface. Both indicators, when received by an eNB, are used for inter-cell interference coordination, for instance, by avoiding scheduling uplink transmissions in PRB pairs indicated as affected by high interference in a neighboring cells, or by reducing the transmission power of UEs scheduled in said PRBs.  The OI and HII reports apply to all uplink subframes in a radio frame and across multiple radio frames until an updated indicator is received. 
Unlike the legacy TDD LTE, with dynamic UL/DL reconfiguration in neighboring cells both the UL-to-UL and DL-to-UL interference vary on a subframe-basis [2]. The example illustrated in Figure 1 shows TDD-specific cross-link interference created by three eNBs. 
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Figure 1: Example of different sub-frame dependent inter-cell interference.
This example illustrates that the DL-to-UL interference measured in subframes 3, 4, 7, 8 and 9 can vary on a per-subframe basis depending on the traffic load in neighboring cells. In subframe 3 the DL-to-UL interference is created by the sole eNB3; in subframe 4, 7, and 8, there are two eNBs producing DL-to-UL interference, but only subframe 7 and 8 are affected by the same DL-to-UL interference; finally, in subframe 9 all neighboring eNBs contribute to DL-to-UL interference. Similarly, the UL-to-UL interference will vary across subframes. These features cannot be properly captured by existing OI and HII.

Therefore, new interference indicators exchanged among eNBs should at least capture the subframe dependency of the reported interference, i.e., the interference indicator should refer to a subframe number within a radio frame and, once received, be used for inter-cell interference coordination for said subframe across multiple radio frames. Furthermore, a new interference indicator should at least report DL-to-UL (i.e., eNB-to-eNB) interference on a PRB-basis. 
Proposal 1: A new indicator of eNB-to-eNB interference should preferably indicate the interference level on a PRB-basis and refer to a subframe or group of subframes within a radio frame. 
Since the downlink transmission power of an eNB is usually significantly higher than the UE’s transmission power, the DL-to-UL interference is typically more severe than UL-to-UL interference. Nevertheless, in some cases UL-to-UL interference may be stronger than DL-to-UL interference (for instance, in subframe 3 of the example in Figure 1). Therefore, one should not preclude the indication of UL-to-UL interference in flexible subframes. The possibility of exchanging an indicator of both or either DL-to-UL and UL-to-UL interference a selective way can enable the receiving eNB to perform the proper ICIC scheme. 
Proposal 2: New interference indicators should distinguish between to DL-to-UL (eNB-to-eNB) and UL-to-UL inter-cell interference.     

The intent of proposals 1 and 2 is not to mandate an eNB to transmit one or multiple interference indicators per subframe. An eNB could arbitrarily determine which interference indicator to transmit (if any) to address the interference in a subframe. With reference to the above example, Figure 2 shows three interference indicators transmitted over the backhaul: one for subframe 3; one addressing subframes 7 and 8; and one for subframe 9. A neighboring eNB receiving a subframe-specific interference indicator shall use it for the corresponding subframe across multiple radio frames until an updated indicator is received. The example shows that the interference indicator for subframe 3 is updated after a number of subframes, whereas the interference indicators for subframes 7, 8 and 9 remain valid for a longer time. 
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Figure 2: Example of subframe-dependent interference indicator used by eNBs.
To further improve the efficiency of the SDIM, it may be beneficial to transmit an indicator of eNB-to-eNB interference in a selective fashion to only the eNBs that produce strong interference. While the detailed method(s) for measuring the interference generated by individual eNBs is an implementation issue that does not to be specified, RAN1 should consider whether the signaled interference indicator should address individual eNBs producing strong interference. Similarly, if cell clustering is applied for interference mitigation in a dense small cell deployment, TDD-specific cross-link interference occurs in dense small cell deployments at the edge of clusters of cells using different TDD radio frame configurations. In this case, it may be beneficial to let the interference indicator address a cluster of cells.   
Proposal 3: Consider whether the new interference indicators could address individual eNB or clusters of eNBs.    
3 Conclusions
In this contribution, we have discussed desirable properties of new eNB-to-eNB interference indicators for scheduling dependent interference mitigation (SDIM) and cell clustering interference mitigation (CCIM). We propose the followings:
Proposal 1: A new indicator of eNB-to-eNB interference should preferably indicate the interference level on a PRB-basis and refer to a subframe or group of subframes within a radio frame. 
Proposal 2: The new interference indicators should at least refer to DL-to-UL (eNB-to-eNB) and UL-to-UL inter-cell interference.     
Proposal 3: Consider whether the new interference indicators could address individual eNB or clusters of eNBs.     
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