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1. Introduction
It is seen as essential that LTE licensed-assisted access (LAA) system accessing unlicensed spectrum operates as a “good neighbour” for legacy systems, as captured in LAA Study Item description [1]. In RAN1#78bis, Listen-Before-Talk (LBT) or carrier sensing, discontinuous transmission on a carrier with limited maximum transmission duration, dynamic frequency selection (DFS), carrier selection, and TPC were identified as functionalities required for meeting the regulatory requirements [2]. These functionalities facilitate also co-existence with radar as well as with other RLAN and LTE LAA systems.  
In addition to the fair co-existence with other radio systems, it is important to also consider inter-cell interference management within a single LTE LAA system/network. LTE is designed to efficiently manage inter-cell interference originating from different cells of the same network. We see it as important to ensure that the sufficient mechanisms to manage inter-cell interference originating from the same network remain available also in LTE LAA.     
2. Frequency re-use 1 operation with LBT
Listen before talk (LBT) controlling channel access is identified as one of the new functionalities required for LTE LAA. It provides a simple mechanism for fair coexistence with other RLAN systems as well as between multiple uncoordinated LTE LAA systems. 
However, simple uncoordinated LBT operation will prevent frequency re-use 1 operation between LTE LAA SCells although otherwise LTE is well-equipped for such operation. An LAA SCell already transmitting on a channel can simply block neighboring cells of the same LTE LAA network from accessing the channel simultaneously if simple LBT is employed without any inter-cell coordination. On the other hand, re-use 1 operation within single network is one of the key mechanisms for achieving high spectral efficiency in LTE. Re-use 1 operation on a LTE LAA network benefits also other systems accessing the same channel, as different cells of the LTE LAA network can share the same channel access occasion and, hence, can reduce the overall time that channel needs to be occupied. Hence we see it necessary to strive for the support of re-use 1 operation between synchronized LTE LAA SCells, and to take the necessary inter-cell coordination into consideration in the design of LBT procedure for LTE LAA.
Proposal #1: LTE LAA should support LBT allowing for frequency re-use 1 operation between synchronized LTE LAA SCells. 

3. Flexible UL / DL traffic adaptation and cross-link interference avoidance 
In the LAA SID [1], high priority is set on the completion of the DL only scenario. Nevertheless, support for both UL and DL on LAA SCell needs to be taken into account from the start of LTE LAA design, so that the LAA TDD SCell scenario can be completed efficiently after completing DL only scenario as well as to enable the LAA UL introduction at a potentially later point of time without creating backward compatibility problems. 

When considering the scenario where LAA SCell operates both DL and UL, and assuming frequency re-use 1 operation within a network, it is worth noting that this scenario has a lot of commonalities with typical LTE TDD scenarios. Cross-link interference (DL-to-UL and UL-to-DL) could severely limit system performance and is therefore typically avoided in LTE TDD. Due to aggressive TPC on UL when compared to DL, one can expect that transmission powers are frequently considerably higher in DL than in UL also with low power LAA SCells. This means that potential cross-link interference remains a source of severe interference also in LAA SCells. It was noted also during Rel-12 eIMTA work that mitigation of cross-link interference is essential to reduce the negative impact on system performance.

Based on the learnings from eIMTA work, we think that an LTE LAA network supporting UL and DL operation should also support aligning at least some of the DL and UL subframes between cells in order to mitigate cross-link interference across cells. A prerequisite for cross-link interference avoidance between cells is that the cells are of course synchronized. On the other hand, each LTE LAA cell needs to be synchronized with licensed band PCell, as required by CA, and neighboring PCells may or may not be synchronized, depending on the network deployment. Hence we see that synchronous operation of neighboring LAA SCells at least within the same network should be supported and should be the baseline assumption for the studies on cross-link interference mitigation mechanisms, but also unsynchronized operation of LAA SCells as such should be enabled while possibly resulting in lower achievable spectral efficiencies. 

There are existing mechanisms available for interference mitigation defined in Rel-12 eIMTA. Those include e.g. support for multiple UL power control subframe sets and support for subframe set dependent Overload Indicator signalled via X2. These existing interference mitigation mechanisms should be reused with LAA as much as possible. Also for LTE LAA TDD SCells (supporting both UL and DL) the issue of fast and flexible adaptation between UL and DL resources according to the actual traffic should be considered. It was noted in Rel-12 eIMTA studies that dynamic adaptation of UL/DL resources according to traffic can provide considerable throughput gain especially in the small cell environments. Based on the learnings from eIMTA, it makes sense to support dynamic UL/DL adaptation also in LTE LAA TDD SCell. LBT mechanism alone inherently adapts to the actual traffic. However, as we want to support also re-use 1 operation with cross-link interference coordination in addition to LBT, we see a need for determining downlink only, flexible, and possible uplink only subframes as well as signaling them at least between cells. In other words, there is need for eIMTA-kind of mechanisms.  
It also clear that Rel-12 eIMTA solutions are not directly applicable but adaptations for the unlicensed band operation are needed. LTE LAA needs to support discontinuous transmission with a (preferably configurable) maximum transmission duration, including a 4 ms maximum transmission duration option for Japan. In contrast to LTE Frame Structure 2 / eIMTA operation, LTE LAA should support full flexibility in DL/UL resource adaptation, ranging from DL only transmissions to UL only transmissions, i.e. there is no need to limit the operation to the existing 7 TDD UL-DL configurations or 5ms or 10 ms UL-DL switching periodicities, as discussed in [3]. Further, critical signaling like system information, configuration signaling or UCI are not expected to be carried over LTE LAA SCell. Hence, eIMTA reference configuration arrangements based on LTE TDD UL-DL configurations are not sufficient as such and will need to be reconsidered. 
Proposal #2: Applicability of eIMTA-alike functionalities and L1 and X2 signaling for flexible LTE LAA UL and DL resource adaptation while enabling re-use 1 operation with cross-link interference coordination should be studied further.
4. Summary
In this contribution, we discussed the potential LTE LAA mechanisms for inter-cell interference management within the same LTE LAA network. Based on the discussions in this paper, we make the following observation and proposals:

Proposal #1: LTE LAA should support LBT allowing for frequency re-use 1 operation between synchronized LTE LAA SCells. 
Proposal #2: Applicability of eIMTA-alike functionalities and L1 and X2 signaling for flexible LTE LAA UL and DL resource adaptation while enabling re-use 1 operation with cross-link interference coordination should be studied further.
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