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1 Introduction
In a licensed band an eNB is required to schedule UL transmissions 4 or more subframes before the actual transmission from UEs.  How to incorporate Listen-Before-Talk (LBT) function into such a central control mechanism is a key issue for the design of the LAA UL transmission scheme. In RAN1#79, it was discussed from the viewpoint of regulation whether an eNB can perform Clear Channel Assessment (CCA) instead of UEs [1][2]. There was no conclusion so far. In this paper, we discuss possible options for both eNB-sensing based methods and UE-sensing based methods.
2 Discussion
2.1 Regulatory requirements on LBT
The LAA UL design could depend largely on whether or not a UE is allowed to transmit UL signals only based on the CCA results of the eNB or other UEs. EU and Japan regulations mandate LBT.  But it is not clear whether it is allowed for a master node to perform CCA and trigger a slave node’s transmission based on the results of that CCA.  On the other hand, the point coordination function (or hybrid coordination function) of WiFi allows an AP to perform CCA instead of STAs. Since this option of WiFi seems not to be prohibited by EU and Japan regulations, we tend to support the interpretation that a UE is allowed to transmit UL signals only based on the results of CCA performed by the serving eNB. We further suggest that RAN1 study both eNB-sensing based methods and UE-sensing methods for the design of LAA UL.
2.2 eNB-sensing based LBT operation in UL
Basically, two alternatives can be considered for eNB-sensing methods. In Alt. (1) the eNB performs LBT right before transmitting the UL grant whereas the UEs behave as same as in the licensed band (except for a shorter time interval between reception of the grant and UL transmission). Since Japanese regulation mandates that the judgement of unoccupied channel can be applicable for at most 4 ms, the UEs would be required to start transmitting an UL signal within (4 - ms after receiving the UL grant. Here is the time duration between the CCA process by the eNB and reception of UL grants by the UE. A reservation signal to occupy the channel may be needed to help coexistence among neighbouring networks as shown in Fig. 1. Alt. (1) has a very large standard impact as it changes a fundamental parameter in LTE, i.e. the interval between UL grant from the eNB and UL transmission from the UE. In Alt. (2) the eNB performs LBT after transmitting the UL grant(s) as shown in Fig .2. If the channel is unoccupied, eNB transmits a reservation signal over the unlicensed band. The UEs which received an UL grant and detected the reservation signal then transmit the UL signal as scheduled.  In comparison to Alt. (1), Alt. (2) has a relatively small standard impact as the only new feature for UEs is to detect a reservation signal.
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Fig. 1: eNB-sensing based method 1: eNB performs CCA before transmitting UL grant
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Fig. 2: eNB-sensing based method 2: eNB performs CCA after transmitting UL grant
Observation 1: Two alternatives can be considered for eNB-sensing based method.

· Alt. (1): An eNB performs CCA before transmitting UL grants. If the operating channel is occupied, the eNB stops or delays transmitting UL grants. The UEs which receive the UL grant start to transmit UL signals in less than 4 ms.
· Alt. (2): An eNB performs CCA after transmitting UL grants. If the operating channel is unoccupied, the eNB transmits a reservation signal. The UEs which received both of UL grant and the reservation signal transmit UL signals. 

2.3 UE-sensing based LBT operation in UL
In this method, each UE practices UL transmission based on its own sensing results. The UEs do not transmit UL signals if the channel is detected to be occupied even if it is by a UE in a same cell. As shown in Fig. 3, UE multiplexing in the frequency domain may be realized in the case the UEs can start to transmit the signal with the same timing. To make it happen, multiplexing UEs could start CCA with the same timing and have the same backoff time. A tricky alternative is to have a cell specific reservation signal sent from some UEs and allow a UE which detects the cell specific reservation signal to transmit UL signals without judging the status of operating channel by itself.
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Fig. 3: UE-sensing based method

Observation 2: UE-sensing based method can be expressed as follows, 
· Alt. (3): The UE performs CCA before transmitting UL signals. UE multiplexing in a limited form might be realized by defining a cell specific start time of CCA and/or a backoff time. 
2.4 Proposal
The above discussion focused on UL-only case. All of the options discussed above can be extended to UL-in-TDD case. Obviously, each alternative has different strong and weak points. We suggest that RAN1 investigates and compares the above alternatives from the viewpoints of fair coexistence, offload performance and standard impact.
Proposal: Investigate the above alternatives from the viewpoints of coexistence performance between WiFi and LAA as well as between LAAs, and specification impact.

3 Conclusions

We discussed possible options for the LBT functionality of LAA UL in this paper. The above discussion is summarized with the following observations and proposal:
Observations: Three alternatives can be considered as candidates for LBT functionality for LAA UL: 
· Alt. (1): An eNB performs CCA before transmitting UL grants. If the operating channel is occupied, the eNB delay or stop transmitting UL grants. The UEs which received the UL grant start to transmit UL signals in less than 4 ms.

· Alt. (2): An eNB performs CCA after transmitting UL grant. If the operating channel is unoccupied, the eNB transmits a reservation signal. The UEs which received both of UL grant and the reservation signal transmit UL signals. 
· Alt. (3): The UE performs CCA before transmitting UL signals. UE multiplexing in a limited form might be realized by defining a cell specific start time of CCA and/or backoff time. 
Proposal: Investigate the above alternatives from the viewpoints of coexistence performance between WiFi and LAA as well as between LAAs, and specification impact.
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