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1 Introduction

Due to the sharply increased demand for wireless broadband data, unlicensed spectrum is considered by cellular operators as a complement to LTE system in licensed spectrum. However, unlicensed spectrum can never match the qualities of the licensed regime. Utilizing unlicensed spectrum as a complement to LTE platform is a possible choice for a good trade off. Therefore, in RAN1 plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. As a requirement, fair coexistence between LTE and other technologies such as WiFi as well as between LTE operators is seen as necessary.
In a companion contribution [2], we discuss the required functionalities and design targets for LAA operations. In this contribution, we discuss potential solutions for the required functionalities. In brief, the document is organized as solutions of two aspects, i.e. fair co-existence with other RATs and multi-operator support. 
2 Fair co-existence with other RATs
As stated in SI document [1], a single global solution is required for a fair co-existence with other RATs on unlicensed band. In the unlicensed band of 5GHz, there are plenty of bandwidth resources. Therefore, solutions for LAA operation should allow selection of a bandwidth and enable fair co-existence within a selected bandwidth.  We discuss several possible solutions from different aspects in this section. 
1) DFS
As required by the regulation for certain countries on certain bands, dynamic frequency selection is to find a bandwidth to avoid co-channel operation with radar systems as well as provide on aggregate a near-uniform loading of the spectrum. Therefore, the mutual interference is low when doing LAA transmissions on such a bandwidth. Since DFS operates in a time scale of several seconds, it mainly consists of high layer procedures. 
However, the capability of dynamic selecting frequency for LAA operation can also be important for co-existence with WiFi. For example, LAA should try to avoid frequencies that are more congested with WiFi APs/STAs. From RAN1 point of view, RRM measurements on a neighbour LAA cell and/or neighbour WiFi AP need to be discussed, to confirm if any enhancement is needed to support such DFS operations.
2) Mechanisms to support dynamic on/off with LBT
LBT requirements imply that a mechanism to support dynamic on/off by LAA cells is needed. However, as the motivation for dynamic on/off is quite different from that considered for Rel-12 SCE, dynamic on/off framework needs to be reconsidered for this new use case. 
First and foremost, two kinds of LBT protocols, i.e. “load based” or “frame based”, are defined in the ETSI regulation document [3]. Therefore, it should be discussed that if LBT for LAA should operate as a “load-based” system or a “frame-based” system.  For a “load-based” system, LAA cell can transmit on demand provided CCA is fulfilled. An implication is that a radio frame doesn’t need to start at fixed intervals as in the legacy LTE but the timing can still operate with the legacy LTE timing at subframe level. On the other hand, for a “frame-based” system, LAA transmissions occur according to a “Fixed Frame Period” which includes the channel occupancy time and the idle time. If a channel is observed to be occupied before the start of a “frame”, a “frame-based” LAA cannot transmit during the next “Fixed Frame Period”. In any case, the protocols described in [3] can be the baseline for LAA’s LBT protocol and further enhancement can be considered if needed. For CCA operation, a LAA BS/UE needs to measure on certain time/frequency resources. ZP CSI-RS resources could be a starting point for the study on CCA resource allocation. In addition, the WiFi system is based on CSMA/CA mechanism. There can be two ways for detecting carrier status, i.e. Carrier Sensing (CS) at physical layer and Network Allocation Vector (NAV) by MAC layer. By proper setting of NAV, WiFi provides a means for interference free transmission, since all other STAs suspend their transmission according to the NAV. Correspondingly, a similar means might be introduced to LAA to allow channel reservation for LAA only transmission. Such reservation has better known to WiFi devices for smooth co-existence. To make the LAA only channel reservation known to WiFi, it has to use an existing signal from WiFi.
A second aspect to consider is how to inform the ON/OFF state of a LAA cell to the UEs. In this regard, since LAA cell is always a secondary cell, signalling from another serving cell (e.g. PCell) to indicate ON/OFF states can be considered. 
A third aspect to consider is LAA cell/TP discovery and RRM measurements. In this regard, discovery reference signal (DRS) introduced for Rel-12 SCE can be considered. However, it should be discussed how DRS is transmitted, e.g. one issue is whether LBT is required for DRS or if Short Control Signalling Transmissions provision by ETSI [3] can be utilized for DRS transmission without CCA. 
3) Interference measurement on other RATs
To allow the better co-operation between LAA cell and WiFi, it is helpful to know the frequency position of a WiFi AP. With the exact knowledge of WiFi frequency position, a LAA cell may select proper frequency resources to minimize interference, e.g. non-overlapped or partially overlapped with WiFi if there is bandwidth congestion. Furthermore, since different WiFi APs may happen to use the nearby centre channel frequencies, it is much likely the WiFi interference is not constant on average over a 20MHz bandwidth. However, the existing LTE system only supports the measurement on either the centre 6 PRBs or the entire bandwidth. Hence, the study on enhancement method for interference measurement for LAA might be needed. 
4) HARQ procedures
LAA is designed under the structure of carrier aggregation, so it is straightforward that HARQ-ACK for PDSCH transmission of a LAA cell can be reported on PCell. However, non-contiguous time domain transmission, which is required to guarantee the fair co-existence with WiFi, could suspend the retransmission. To alleviate the impact of prolonged latency, it may be beneficial to consider more flexible retransmission schemes, e.g. continue the incomplete HARQ processes on PCell or another LAA cell. 

In the case of uplink transmission on LAA, HARQ operation could be more problematic due to its synchronous nature. There is at least 4ms delay between a UL grant and its related PUSCH. However, due to the discontinuity in time, WiFi may occupy the carrier at PUSCH timing. Further, due to the non-contiguous transmission in time domain, the resource at PUSCH retransmission timing may not be available for LAA transmission, so it should be discussed if synchronized HARQ is suitable for LAA in uplink. 

5) CSI measurement procedures
One issue for transmission of a LAA cell is how many transmission modes need to be supported. If CRS as in legacy system is still present in a LAA subframe, it is possible all TMs could be supported and CRS based CSI measurements are needed. Otherwise, DMRS based TMs are the choice and CSI measurement based on CSI-RS and CSI-IM are required. 

Unlikely a legacy system, the interference can be caused by other RATs, e.g. WiFi system is completely different from LTE system in nature. For example, the interference caused by WiFi is always full bandwidth, but could vary in one millisecond. It should be studied if the current mechanisms like CSI process and/or CSI subframe set(s) could support efficient operations. 
3 Inter-operator coordination
In unlicensed band, multiple operators may use the same bandwidth in near location without tight coordination, so the interference between different operators can be a serious issue. Further, the multiple operators may deploy the same or different radio access technologies. However, although it is impractical to put tight restriction across different operators, some level of inter-operator cooperation is still desirable.

1) Alignment of LAA transmissions
As mentioned in [2], it can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible when WiFi APs are present in the neighborhood. Mechanism to enable common OFF period among LAA cells (even from different operators) can be studied. 
2) Frequency coordination

Another issue on unlicensed band is regarding frequency coordination. A LTE system uses a 100kHz channel raster, which is 5MHz for a WiFi system. Due to the large amount of available spectrum, it is expected that a bandwidth of 20MHz per carrier will be the most typical LAA deployment. As a result, bandwidth occupied by different operators maybe fully or partially overlapped. In low load case, it is possible to completely avoid frequency overlap between different operators, so that there is no mutual interference. In certain traffic conditions, if avoiding frequency overlap is impossible, partially overlap may still be beneficial. In other cases, full overlap cannot be avoided and some other means for interference coordination are needed. 
One possible way is to exchange the centre frequency and bandwidth of cells among different operators by core network. It could be a signalling or by OAM. The other way is to rely on the base station and/or UEs in a LAA cell to detect the centre frequency and bandwidth of interference signals from different operators. A past WI leading by RAN3 specifies the selection of a proper SCell for interference coordination, which could be start point for the discussion on LAA. From RAN1 point of view, study on the related RRM measurements to identify centre frequency and bandwidth of LAA cell or APs from other operators is needed. 
4 Conclusions
In this contribution, we discussed the possible solutions to implement the required functionalities as discussed in [2], which is to achieve a fair co-existence with other techniques and to support multi-operator operations on unlicensed band. Since the LAA SI has just started, we suggest the discussed solutions can be a start point for further study. 
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