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1. Introduction

In RAN#65 plenary meeting, proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. The SI targets to developing LTE standards to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. Therefore, candidate solutions for LAA should be identified to meet required functionalities and design targets for LTE deployment in unlicensed spectrum. 
In this contribution, we address and discuss potential candidate solutions for LAA operation in terms of radio access scheme for coexistence with other systems/operators and the relevant improvement for reliable operation/resource utilization in unlicensed band. 
2. Radio access scheme for coexistence 
2.1. Listen-before-Talk with carrier sensing
According to regulation on unlicensed frequency band, LBT (Listen-before-Talk) operation is already mandated to some bands and some regions [2]. Furthermore, considering coexistence between different systems/operators without any coordination or cell planning in unlicensed band, CS (Carrier Sensing) based LBT can be a good solution for the support of LAA. Based on LTE structure, possible options for CS based LBT operation can be classified according to: (1) who performs data transmission, and (2) who performs CS operation, between eNB and UE.
Case 1) eNB performs DL transmission
● Option 1-1: eNB performs CS operation for DL transmission
With this option, when radio channel is assessed as idle in unlicensed band (denoted as “U-band”) by performing CS where reservation of the channel by some means (e.g. reservation signal or preamble format) may be required to occupy the U-band before actual DL transmission, eNB performs DL transmission (e.g. PDSCH) to the UEs through the reserved U-band. For this procedure, eNB can configure a resource period consisting DL subframes on the reserved U-band, and consequentially (from the UE perspective), the reserved resource period (denoted as “RRP”) which can be configured via a cell in licensed band (e.g. Pcell) might be discontinuously configured in certain Scell within U-band (denoted as “UScell”). 
● Option 1-2: UE performs CS operation for DL transmission by eNB triggering

With this option, firstly, eNB instructs UE to perform CS on U-band, then the UE starts CS in receiving the eNB triggering and report channel assessment result on the U-band to the eNB where the eNB triggering and the UE reporting related to CS operation on U-band can be signalled via a cell in licensed band (e.g. Pcell). According to the channel assessment result reported from UE, eNB would perform DL transmission to the UEs through the U-band when the U-band is decided as available. In this case, some dummy transmission might be needed to occupy the channel in the U-band between CS instant and actual DL transmission timing.
Moreover, for better LAA support based on reliable LBT operation, combination of two options above can also be considered. 
Case 2) UE performs UL transmission

● Option 2-1: eNB performs CS operation for UL transmission

With this option, (similarly in Option 1-1 above) when radio channel is assessed as idle in U-band by performing CS, eNB reserves the channel by some means to occupy the U-band and transmits UL scheduling grant to UE for PUSCH transmission in the U-band. Then, the UE performs UL transmission of PUSCH by following the given UL grant-to-PUSCH timeline. In this case, reduction of the channel reservation period between CS instant and actual UL transmission timing which would be relatively large can be further considered for more efficient resource utilization on U-band. 
● Option 2-2: UE performs CS operation for UL transmission by eNB triggering

With this option, eNB instructs UE to perform CS on U-band, and transmit UL scheduling grant to the UE for PUSCH transmission in the U-band at the same or different timing. Then, (unlike Option 1-2 above) the UE directly performs UL transmission of PUSCH when channel is assessed as idle in the U-band by performing CS after receiving the eNB triggering, without reporting the channel assessment result to the eNB. Also in this case, some dummy transmission might be needed to occupy the U-band between CS instant and actual UL transmission timing.
Also in here, for better LAA support based on reliable LBT operation, combination of two options above can also be considered.
For any candidate LAA solutions including the options above, basically, it can be considered that DL/UL scheduling grant (DCI) for PDSCH/PUSCH transmission in UScell (as well as UCI (e.g. HARQ-ACK, CSI) corresponding to UScell) is signalled via a cell in licensed band (e.g. Pcell) for control channel reliability. Besides, considering timing/subframe synchronization between U-band and licensed band (as well as radio channel occupation on U-band), transmission of reservation signal and/or preamble format on U-band may be considered as necessary. 
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(a) Option 1-1: CS by eNB                          (b) Option 1-2: CS by UE
Figure 1: Example of CS based LBT operation (DL transmission by eNB)
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(a) Option 2-1: CS by eNB                          (b) Option 2-2: CS by UE

Figure 2: Example of CS based LBT operation (UL transmission by UE)
Suggestion 1: LBT with carrier sensing should be studied as a candidate of radio access scheme for LAA operation by considering coexistence and regulation in unlicensed band. 
2.2. Other coordination scheme for LAA
Unlike inter-system case, e.g. between LAA and WiFi systems, some coordination between LAA systems in intra/inter-LTE operator case may be possible and can be beneficial for efficient coexistence in U-band. As an example, in intra-LTE operator case, eNB-to-UE or UE-to-eNB interference by LAA operation can be handled by cell planning on U-band. As another example, semi-static coordination on time/frequency resources between cells in U-band (e.g. TDM/FDM between LAA systems) or between eNB transmission and UE transmission can be considered in intra/inter-LTE operator case. 
In addition, to improve performance and efficiency of LAA system, adaption based operation can be considered according to interference source, for example, adaption of LBT parameters (e.g. CS threshold level, maximum RRP duration), switching between LBT and non-LBT based operation, semi-static coordination (e.g. time/frequency resources, LBT parameters) between LTE operators. And, in order to support this adaptation based LAA operation, inter/intra-LTE operator interference and inter-system interference may be discriminated by semi-static or dynamic manner.
Suggestion 2: Coordination schemes such as cell planning, resource coordination, and interference adaptation should be considered for LAA operation in intra/inter-LTE operator cases. 
3. Potential improvement for LAA operation

3.1. Cell management and maintenance
In deploying and managing a cell in U-band, it is desirable that potential cell ID collision between different LTE operators is prevented as much as possible and the relevant impact on LAA operation is minimized. To solve this, some kind of inter-operator coordination (e.g. cell ID group partitioning between different operators) or randomization of U-band cell ID (e.g. cell ID-dependent sequence change in TDM manner) may be necessary for better cell management in U-band. 
Furthermore, due to opportunistic (i.e. aperiodic) radio channel reservation in U-band, (unlike the cell in licensed band) continuous or periodic transmission of reference signal and/or synchronization signal would not be guaranteed in U-band. To address this, some methods for improving DL measurement and/or synchronization in UE side without guaranteed RS/SS transmission periodicity/timing may be necessary with consideration of DL performance and UE complexity. 
Suggestion 3: Aspects of cell ID management, measurement, and synchronization is needed to consider for cell management and maintenance in unlicensed band. 
3.2. Interference handling and adaptation
In LAA operation under U-band where different systems/operators coexist based on competition without any (tight) coordination, adaptive CSI feedback reflecting interference situation in U-band would be important to achieve reasonable performance. Due to packet length difference between LTE and WiFi (specifically, WiFi has much smaller packet length than LTE), LAA system may experience short-term interference fluctuation in U-band compared to conventional deployment in licensed band only with LTE. Thus, to handle such kind of short-term interference fluctuation due to sudden interference and considering the situation without guaranteed DL RS transmission in U-band, enhanced CSI feedback scheme may be necessary with consideration of performance/complexity. In addition, some enhanced signal processing can also be considered for PDSCH/PUSCH performance in case with (partial) code block and/or reference signal corruption caused by short-term interference.
Moreover, for better coexistence with WiFi system, WiFi channel structure (e.g. primary/secondary) can be considered in performing CS and reserving U-band by LAA system, e.g. to protect LTE transmission on WiFi secondary channel where other WiFi systems might not perform CS. Besides, to further optimize coexistence with WiFi system, it may be considered that LAA system supports the scheme to receive and transmit WiFi signal format used for LBT (e.g. RTS/CTS). 
Suggestion 4: Interference handling/adaptation scheme in terms of CSI feedback and signal processing is needed to study for reliable/efficient LAA operation in unlicensed band.
3.3. Cooperation between LAA systems
For better coordination between LAA systems in intra/inter-LTE operator case (and, probably, between different systems), CoMP and/or ICIC operation can be applied with consideration of interference status measured by performing CS in U-band. For supporting this, some features required for CoMP/ICIC operation in U-band can be investigated, for example, configuration or coordination of interference measurement resources (e.g. CSI-IM resource, blanked resource) between LAA systems.
Suggestion 5: CoMP and/or ICIC operation based on interference measurement in unlicensed band should be considered for better coordination between LAA systems.
4. Summary and conclusions

In this contribution, we provided potential candidate solutions for LAA operation in terms of radio access scheme for coexistence with other systems/operators and the relevant improvements for reliable operation/ resource utilization in unlicensed band. Based on above, we suggest:

Suggestion 1: LBT with carrier sensing should be studied as a candidate of radio access scheme for LAA operation by considering coexistence and regulation in unlicensed band. 
Suggestion 2: Coordination schemes such as cell planning, resource coordination, and interference adaptation should be considered for LAA operation in intra/inter-LTE operator cases. 
Suggestion 3: Aspects of cell ID management, measurement, and synchronization is needed to consider for cell management and maintenance in unlicensed band. 
Suggestion 4: Interference handling/adaptation scheme in terms of CSI feedback and signal processing is needed to study for reliable/efficient LAA operation in unlicensed band.
Suggestion 5: CoMP and/or ICIC operation based on interference measurement in unlicensed band should be considered for better coordination between LAA systems.
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