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1.
Introduction

Study item on Licensed-Assisted Access Using LTE was approved in [1]. Approved LAA SI focuses on carrier aggregation (CA) operation between SCell in unlicensed band and PCell in licensed band. SCell can operate either DL-only (SDL) or UL and DL (TDD) and PCell can operate either FDD or TDD.
According to SID, objective for design target is as follows:

· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. 
This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]

In this contribution, we provide our views on design targets for LAA with CA and we also discuss the issues to be solved for the introduction of LAA with CA.
2.
Design target 
As the general design target, single global solution is desirable as suggested from many companies in LTE-U workshop [2], even if the regulatory requirement is different in each country or region [3]. Furthermore, as proposed in [2][4], many companies see the value to study LAA with Dual Connectivity (DC) as the second priority and some companies are interested in standalone operation of LTE in unlicensed spectrum. Therefore, forward compatibility is also important design target of LAA with CA considering future study of LAA with DC and/or standalone. It should be avoided to specify the solution which is applicable only for the case of CA as much as possible. For example, if only cross carrier scheduling from licensed band is supported for LAA with CA, RAN1 needs to study how to apply self-scheduling in unlicensed band before the study for LAA with DC. This kind of situation should be avoided.
Proposal 1: Single global solution should be specified for LAA.
Proposal 2: Forward compatibility should be considered as the design target of LAA with CA for future study of LAA with DC.
2.1.
Co-existence between LAA and WiFi
One of the important issues of LAA is coexistence between LAA and WiFi. As described SID, fair spectrum sharing is necessary and LAA should not impact WiFi compared with the case of coexistence between WiFi and WiFi. Considering both fair coexistence and single global solution, applying LBT (Listen before talk) to LAA can be considered as the starting point to avoid the strong interference between LAA and WiFi and meet the regulatory requirement. 
For downlink, if LAA eNB and WiFi can detect each other as shown in Fig. 1, LBT using energy detection can avoid severe interference from LAA eNB to WiFi and from WiFi to LAA. However, if LAA eNB and WiFi cannot detect each other, i.e. hidden node problem, as shown in Fig. 2, LBT using energy detection does not work well and RTS-CTS or virtual carrier sense like technique would be beneficial. In this case, LAA eNB may have to support capability to detect and/or transmit WiFi signals such as RTS-CTS. However, it will increase the complexity of LAA eNB compared to energy detection. 
How to handle periodic downlink transmission such as PSS/SSS, CRS, CSI-RS, etc will be discussed in Section 2.3.
UL transmission is more difficult issue to be solved in LAA. Since there are some subframe gaps between UL grant and uplink transmission, LBT operation in LAA eNB cannot ensure the uplink transmission from LAA UE after 4 or more subframes. In this case, LAA UE would also need to support LBT or RTS-CTS like operation is required between LAA eNB and UE to reserve certain time for uplink transmission. 
Regarding periodic UL transmission, only SRS is the candidate, since PUCCH will not transmitted in unlicensed band in LAA with CA. PRACH will be transmitted in case of multiple TA, but PDCCH order is used. Therefore, handling of PRACH can be similar to that of PUSCH. 
Based on above discussion, at least the support of LBT in LAA eNB and/or UE should be considered for coexistence with WiFi. Furthermore, in some cases, LBT will not sufficient and LAA eNB and/or UE may have to detect or transmit WiFi signal such as RTS-CTS. However, this will increase the complexity of LAA eNB and/or UE. So both cases need to be studied.
Proposal 3: LBT like technique should be considered in LAA with CA
 and following two cases should be studied for coexistence between LAA and WiFi
· LAA eNB and/or UE do not have capability to detect and/or transmit WiFi signals.

· LAA eNB and/or UE have capability to detect and/or transmit WiFi signals.
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Figure 1 LAA-WiFi coexistence (LAA eNB and WiFi can detect each other)
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Figure 2 LAA-WiFi coexistence (Hidden node problem)
2.2.
Co-existence between different LAA operators
Similarly to WiFi coexistence, coexistence between different LAA operators is also important. Different operators may or may not be synchronized with each other and may use different TDD UL-DL configurations or SDL configuration. Therefore, following four interference situations need to be studied:
· From DL to DL

· From UL to UL

· From DL to UL

· From UL to DL

Although the situation is similar to eIMTA, backhaul coordination will not available in case of different operators.
As a design target, unified solution is preferable for both WiFi coexistence and operator coexistence in order to reduce the complexity and standardization impacts.
Proposal 4: Unified solution is preferable for coexistence between WiFi and LAA, and between different LAA operators.
Proposal 5: Following cases need to be studied
· Different operators are synchronized or unsynchronized
· Different operators are same TDD UL-DL configuration/SDL or different TDD UL-DL configurations/SDL
2.3.
Small cell on/off and discovery
Cell detection and RRM measurement is necessary in order for LAA eNB to configure SCell in unlicensed spectrum. Up to Rel-11, PSS/SSS and CRS with 1ms periodicity are used for cell detection and RRM measurement. However, these kinds of short term and periodic transmission will cause significant interference to neighbouring WiFi and/or other operator’s LAA. 
Therefore, periodic transmission should be minimized in LAA. Small cell on/off and discovery reference signal (DRS) in Rel-12 can be considered as the starting point for LAA operation. However, in Rel-12, further reduction of small cell on/off transition time for activated SCell was not specified and cell state change is managed by activation/deactivation command. 
However, in LAA, if LBT is applied, cell state will be dynamically changed and cell would be ON only in the time of data transmission. Therefore, small cell on/off should be enhanced regardless of activation/deactivation state in LAA or unlicensed spectrum.
Regarding DRS, i.e. PSS/SSS, CRS and CSI-RS, if LBT is applied also for DRS, DRS transmission may be suddenly dropped or delayed. This will degrade the accuracy of cell detection and RRM measurement using DRS. On the other hand, as described before, periodic transmission will cause the strong interference. Therefore, how to handle the periodic transmission in LAA should be carefully studied considering both accuracy of measurement and interference. 
CSI measurement including SRS for UL will have the same issue and should be studied as well.
Proposal 6: Small cell on/off and DRS can be considered as the starting point for LAA operation.
Further enhancement is needed for transition time reduction regardless of activation/deactivation state considering LBT for LAA.

Proposal 7: It should be carefully studied how to handle periodic transmission such as PSS/SSS, CRS, CSI-RS, (DRS), SRS, etc.
2.4.
Transmission mode
As described in Section 2.3, reduced CRS operation would be applied for LAA. Reduced CRS transmission will have the impacts on demodulation and CSI measurement. Up to Rel-12, only TM9 and 10 using DMRS for demodulation and CSI-RS for CSI measurement have been first choice for this kind of reduced CRS operation. 
However, reduced CRS transmission and dynamic on/off with LBT will have impact on not only PDSCH but also other physical channels such as PDCCH, PCFICH and PHICH. Therefore, the impact on all physical channels should be considered and at this stage, CRS based TM also need to be considered for LAA. Therefore, we propose
Proposal 8: All transmission modes need to be considered for LAA.
3.
Conclusions
In this contribution, we provided our views on design targets for LAA with CA and discussed the issues to be solved for the introduction of LAA with CA. Based on the consideration, we propose that:

Proposal 1: Single global solution should be specified for LAA.

Proposal 2: Forward compatibility should be considered as the design target of LAA with CA for future study of LAA with DC.
Proposal 3: LBT like technique should be considered in LAA with CA
 and following two cases should be studied for coexistence between LAA and WiFi

· LAA eNB and/or UE do not have capability to detect and/or transmit WiFi signals.

· LAA eNB and/or UE have capability to detect and/or transmit WiFi signals.

Proposal 4: Unified solution is preferable for coexistence between WiFi and LAA, and between different LAA operators.

Proposal 5: Following cases need to be studied

· Different operators are synchronized or unsynchronized

· Different operators are same TDD UL-DL configuration/SDL or different TDD UL-DL configurations/SDL
Proposal 6: Small cell on/off and DRS can be considered as the starting point for LAA operation.
Further enhancement is needed for transition time reduction regardless of activation/deactivation state considering LBT for LAA.

Proposal 7: It should be carefully studied how to handle periodic transmission such as PSS/SSS, CRS, CSI-RS, (DRS), SRS, etc.
Proposal 8: All transmission modes need to be considered for LAA.
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