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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In Europe and Japan, a Listen-Before-Talk (LBT) mechanism is required for a device to use the unlicensed spectrum. The LBT mechanism has been discussed in our company contribution [2]. In this contribution, we will discuss 1) the design of the LAA frame structure and 2) the mechanism of LAA-WiFi coexistence on the cell edge.
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2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Design of LAA frame structure 
In Europe and Japan, a Listen-Before-Talk (LBT) mechanism is necessary for the device to use the unlicensed spectrum [1]. The discussion of the LBT has been discussed in our company contribution [2]. As we discussed in [2], load-based-equipment (LBE) is a better solution than frame-based-equipment (FBE). In this contribution, we consider the LAA frame structure when LBE is used. When the channel is determined to be free, LAA eNB starts to transmit data. Usually, the time at which a channel is detected to be free by an eNB may not be aligned    at the LTE frame boundary. Thus a reservation signal must be used to hold the channel. The channel reservation is illustrated in Figure 1. For LAA, the channel reservation time is part of the channel occupancy time and thus is an overhead. In Japan, the maximum channel occupancy time is 4ms. In the worst case, the overhead is 25% of the maximum channel occupancy time. Therefore, how to use the channel reservation becomes an important issue. Also note that the timing that an eNB finishes the transmission may be not at the boundary of a subframe. As a result, fractional transmission of signals in an OFDM symbol is required to support channel reservation.

Observation 1. To apply EU-LBE on LAA, fractional OFDM transmission is required.

Figure 1. Illustration of channel reservation

From the above discussions, we can see there are three frame types of LAA. 


Proposal 1. Three types of LAA frames are proposed.
1. Type 1: transmission starting from somewhere after the beginning a subframe to the end of the subframe.
· Frame type 1 may contain some signals/channels for different functionalities
· Fractional transmission is required.
2. Type 2: transmission starting from the beginning of a subframe to the end of the subframe.
· This frame type is equal to legacy LTE frame.
3. Type 3: transmission starting from the beginning of a subframe to somewhere before the end of the subframe.
· Fractional transmission is required.
For UE, performing coarse time/frequency synchronization, RRM measurement in the channel reservation time is helpful to improve the performance. Similar to the discovery reference signal (DRS) in R12 small cell, the reference signal in the channel reservation time can be composed of PSS/SSS and CRS. PSS/SSS can be used for coarse time/frequency synchronization and CRS can be used for RRM measurement. Since the timing that an eNB detects  a channel becomes free is randomly distributed in a subframe, the reference signal transmitted in the reservation time varies based on the length of the reservation time. For the example, in Figure 2 the channel reservation time is the fractional part in the last OFDM symbol of subframe n. In this case, legacy PSS/SSS and CRS cannot be transmitted. 


Figure 2. Fraction transmission in the last OFDM symbol of a subframe

Thus, we propose to transmit a reference signal like WiFi preamble in this fractional OFDM to inform UE some useful information, e.g., the duration of transmission in the current burst from the eNB. Here a burst can consist of one Type 1 LLA subframe and one or more Type 2 LAA subframe and zero or one Type 3 LAA subframe.
Proposal 2. For the complete OFDM symbols in the channel reservation time, following reference signals are transmitted
1. PSS/SSS for coarse time/frequency synchronization. 
1. CRS for RRM measurements.
For the fractional OFDM symbol, a reference signal like WiFi preamble to inform UE some useful information, e.g., the duration of transmission. 




3. LAA-WiFi coexistence 
In a deployment with both LAA and WiFi, the UE of LAA on the cell edge would be interfered by the WiFi AP of another operator if its serving eNBs cannot sense the existence of WiFi AP. When this happens, WiFi station would also be interfered by LAA eNB and the performance of WiFi would be degraded, as shown in Figure 3. Assume WiFi AP is a hidden node to LAA eNB1, collision happens if both UE and Station has data to be transmitted simultaneously. There are two possible solutions to solve this problem. 1) LAA UE reports its carrier sensing result to its serving eNB (eNB 1). 2) eNB 2 provide its carrier sensing results to eNB1. Since eNB 2 can sense the transmission of WiFi AP, it would be very helpful if eNB 2 can provide the CS result to eNB1. 
Proposal 3. To solve the LAA-WiFi coexistence problem, two methods are proposed
1) Joint Carrier Sensing (JCS).
a. Each LAA eNBs sends its carrier sensing (CS) results to the neighboring eNBs (the same operator) using X2 link.
b. The target LAA eNB schedules UEs based on the CS results of itself and neighboring eNBs. If one of its neighboring eNBs feels the channel is busy, the target eNB would schedule UEs which are close to this eNB for transmission.
2) Per UE Carrier sensing.
If  UE has the carrier sensing (CS) capability, then
a. Each UE reports its CS results to the serving eNB on the licensed band.
b. eNB schedule UEs for transmission based on its CS result and the CS results from the UEs.


Figure 3. Illustration of the hidden node problem
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4. [bookmark: _Ref129681832][bookmark: OLE_LINK37][bookmark: OLE_LINK36][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Conclusion
Based on the discussion and simulation results, we have
Observation 1. To apply EU-LBE on LAA, fractional OFDM transmission is required.
Proposal 1. Three types of LAA frames are proposed.
1. Type 1: transmission starting from somewhere after the beginning a subframe to the end of the subframe.
· Frame type 1 may contain some reference signals for different functionality
· Fractional transmission is required.
2. Type 2: transmission starting from the beginning of a subframe to the end of the subframe.
· This frame type is equal to legacy LTE frame.
3. Type 3: transmission starting from the beginning of a subframe to somewhere before the end of the subframe.
· Fractional transmission is required.
Proposal 2. For the complete OFDM symbols in the channel reservation time, following reference signals are transmitted
1. PSS/SSS for coarse time/frequency synchronization. 
2. CRS for RRM measurements.
For the fractional OFDM symbol, a reference signal like WiFi preamble to inform UE some useful information, e.g., the duration of transmission. 
Proposal 3. To the hidden node problem, two methods are proposed
1) Joint Carrier Sensing (JCS).
a. Each LAA eNBs sends its carrier sensing (CS) results to the neighboring eNBs (the same operator) using X2 link.
b. The target LAA eNB schedules UEs based on the CS results of itself and neighboring eNBs. If one of its neighboring eNBs feels the channel is busy, the target eNB would schedule UEs which are close to this eNB for transmission.
2) Per UE Carrier sensing.
If  UE has the carrier sensing (CS) capability, then
a. Each UE reports its CS results to the serving eNB on the licensed band.
b. eNB schedule UEs for transmission based on its CS result and the CS results from the UEs.
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