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1. Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” [1] aimed at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. A subsequent WI, “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” [2] was approved at RAN#68 in June 2015. 
Although the approved WI on LAA only specifies support for LAA SCells operating with only DL transmissions, the UL functionality to be introduced later need to be taken into account as well. This is captured in the approved WID [2] in the following way: 

·  ”When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.” 
In this contribution we discuss cross-link interference coordination to support forward compatible DL/UL operation for LAA TDD SCells.
2. Discussion 
Clear channel assessment procedure, or listen-before-talk (LBT) procedure, can be seen as a form of interference mitigation between different operators: a transmitting node (UE or eNB) can simply block the neighboring cells. The other side of the coin is that it will prevent reuse-1 operation within single network, which is one of the key mechanisms for achieving high spectral efficiency in LTE. As discussed in [3] LBT procedure coordination over neighbor LAA cells can be defined to enable frequency reuse for DL transmission by neighbor LAA cells of the same operator. 

With DL-only scenario, reuse-1 operation is a prerequisite for achieving high spectral efficiency with single network. However, in order to provide the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in a future release without modifications to the DL design, there is a need to consider also UL/DL scenario already in Rel-13.

When considering the scenario where LAA SCells operate both DL and UL with frequency reuse-1 [3], it is worth noting that efficient frequency reuse can be supported across cells when all involved cells are transmitting either DL subframes only or UL subframes only at a given time instant. However, facilitating improved frequency reuse while transmitting simultaneously a mixture of DL and UL subframes is a complicated task. Instead, e.g. DL transmission could simply block start of UL transmission on the neighboring cell e.g. due to necessary differences in DL and UL LBT procedures. Further, the motivation to support improved frequency reuse across UL and DL subframes is not clear. 
LAA scenario has a lot of commonalities with typical LTE TDD small cell 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 would remain a source of severe interference also in LAA SCells if improved frequency reuse across UL and DL subframes was supported. 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.

We think that when LAA Scell supports both UL and DL, LTE LAA network should support aligning at least part of DL and UL subframes between nearby cells in order to improve frequency reuse-1 operation between cells during DL subframes and during UL subframes. Hence, we see that X2 signalling should be extended to support the necessary inter-eNB signaling to enable cross-link coordination for LAA TDD SCells.
Observation #1: eNBs should be able to exchange over X2 interface information on semi-static subframe type parameters relevant for supporting inter-eNB cross-link coordination in different DL/UL scenarios.
As discussed in [5], LTE LAA UL/DL operation does not require definition of TDD UL-DL configurations. However, it is possible to define subframe types to facilitate cross-link coordination within LTE LAA network. The principle shown in Figure 1 illustrates an exemple of subframe type configuration for LTE LAA UL/DL scenario. There are three subframe types similarly as in the case of eIMTA:
·   Fixed DL subframes, which can be used to facilitate e.g. DL frequency reuse across neighboring cells following similar configuration and for conveying e.g. DRS without  LBT –blocking due to neighboring cells
·   Flexible subframes, which can be used to facilitate flexible UL/DL operation depending on e.g. traffic load.
·   Fixed UL subframes, which can be used to facilitate UL frequency reuse across neighboring cells following similar configuration.
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Figure 1. Example of Subframe type configuration for LAA.

It is up-to eNB to configure different subframes types based on the scenario of interest. For example, in the Rel. 13 DL-only scenario there are just fixed DL subframes. Both UE and neighboring eNBs (at least within an operator) could be aware of the semi-statically configured subframe types. This kind of signaling: 

·   Allows smooth coexistence between DL only and UL/DL capable Ues
·   Allows for efficient utilization of frequency reuse during DL subframes and during UL subframes.
·   Allows reduction of power consumption at the UE side: there is no need for (E)PDCCH blind detection and CSI measurement from fixed UL subframes. This aspect affects also Rel-13 UEs when served by LAA SCell supporting also UL.
Being able to configure/define subframe types already in Rel-13 would make it possible for Rel-13 UEs to benefit from cross-link coordination when LAA UL operation is introduced in a later release.
Observation #2: It makes sense to consider UL/DL interference coordination and related signaling already in Rel-13.  
Proposal #1: Define three semi-static subframe types (1) fixed DL, (2) fixed UL and (3) flexible UL/DL with sufficient signaling (which is FFS) in order to support interference coordination between neighboring cells. 
3. Summary
In this contribution we discussed cross-link interference coordination to support forward compatible DL/UL operation for LAA TDD SCells. Based on the discussion we make the following observations and proposal:
Observation #1: eNBs should be able to exchange information over X2 on semi-static subframe type parameters relevant for supporting inter-eNB cross-link coordination in different DL/UL scenarios.
Observation #2: It makes sense to consider UL/DL interference coordination and related signaling already in Rel-13.  
Proposal #1: Define three semi-static subframe types (1) fixed DL, (2) fixed UL and (3) flexible UL/DL with sufficient signaling (which is FFS) in order to support interference coordination between neighboring cells. 
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