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According to [1], RAN1 is requested to determine a single global solution for LAA. Therefore, one unified LAA solution meeting the regulations of each country or region should be studied. Since the regulations of unlicensed spectrum are different in each country or region, it is desirable to design a system using the most stringent countries’ and regions’ regulations. In this contribution, we discuss the LAA Frame structure based on our simulation result [2].
Necessity of LBT in LAA
RAN1 has agreed to introduce Listen-before-talk (Clear channel assessment) and discontinuous transmission on a carrier with limited maximum transmission duration to meet the regulatory requirements for some regions/bands [3]. As a consequence the “bursty” transmissions using Listen-before-talk (LBT) are transmitted by the nodes in unlicensed spectrum and deployed in certain countries/regions. Since a single global solution is expected, we propose to limit the duration of the transmission bursts to maximum of 4 ms meeting the most stringent requirement i.e., Japanese regulation. As an alternative configurable burst durations could also be considered. However, according to the European regulation, the minimum gap length between contiguous bursts depends on the burst length. To satisfy both the configurable burst length and the gap related to the burst length, the frame design could be complicated and we believe a simple solution of a single burst length in the standards is preferable. In addition, having a fixed burst length based frame structure helps to reduce the standardization workload.
Although this frame structure is required only for Europe and Japan, we suggest LBT and discontinuous transmission should be mandatory features for LAA operation. These features are also beneficial in achieving fair coexistence with other technologies such as Wi-Fi. We did preliminary evaluation based on the above assumption and show the effectiveness of LBT in [2]. Other companies have also shown WLAN throughput is significantly degraded if LBT is not applied to LTE [4] [5] [6].
Proposal 1:
LBT and discontinuous transmission should be mandatory features for LAA operation. 
Proposal 2:
The maximum transmission duration of a transmission burst should be 4 ms.
Analysis of Frame structure
In this section we describe an analysis of the proposed frame structure. Our view is to reuse the existing LTE Rel-12 PHY design as much as possible with minimum modifications to meet the regulations requirements. RAN1 has agreed DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA [7]. The location of LBT should be designed taking into account the above restriction. We think the simplest approach is to have four contiguous subframes as one LTE Burst (Figure 1). This design assumes one Idle-subframe for every one LTE burst and the LBT occurs during the last symbol of the Idle-subframe occurring right after the last transmitted subframe.
[image: ]
Figure 1: proposed baseline model.

The approach described above is called FBE in [8]. We found FBE can co-exist with Wi-Fi without significant changes. We understand the LBE has the flexibility to adjust the transmission durations and may provide better LAA performance compared to FBE approach. However, LBE requires a reservation channel and a long reservation channel could cause waste of resources. In addition the exponential random backoff would be required to meet the fair Wi-Fi co-existence requirement. Furthermore, the implementation and the standardization impact of FBE are much smaller than LBE. 
In UL LAA, FBE is better than LBE if UE should perform LBT before the UL transmission. We believe eNB is expected to control UL Tx in the same manner as the existing UL Rel-12 methodology. In that case, it’s not acceptable that UE transmits reservation signals on the unallocated resources i.e., before the granted resources. One of the question to resolve is whether it is beneficial to have different schemes for the DL and the UL i.e., LBE is applied for DL and FBE is applied for UL. Our proposal is RAN1 should study this issue further. In our opinion, FBE should be the baseline for both the DL and the UL if UL LAA is supported.
Proposal 3:
Both LBE and FBE should be studied for DL LAA

We adopted the same frame structure of LTE in our simulations. As we show in our simulations [3], this design can achieve fair coexistence with Wi-Fi and other LAA services. Therefore, we propose this design should be the baseline of the LAA frame structure for FBE.
Proposal4:
For achieving fair coexistence with Wi-Fi and other LAA services, RAN1 should agree the following LTE Burst design as the baseline of the LAA frame structure for FBE.
· have four contiguous subframes as one LTE Burst
· one Idle-subframe for every one LTE burst
· the LBT occurs during the last symbol of the Idle-subframe occurring just before the next LTE burst transmission

Potential issue on FBE 
In the original FBE, the timing of LBT is fixed. If the timing difference of Operator A and Operator B, C is small as shown in Figure 2, if the LBT of all operators occur very close to each other then there is a possibility of collisions. Therefore, there is a need for a solution to avoid these collisions. There are several solutions and one of them is to detect other operator’s timing and adjust LBT timing using small reservation signal.
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       Figure 2: Potential issues of FBE

Proposal 5:
RAN1 should study to avoid collisions between neighboring cell transmission if their LBTs occur very close to each other.
Conclusions
Proposal 1:
LBT and discontinuous transmission should be mandatory features for LAA operation. 
Proposal 2:
The maximum transmission duration of a transmission burst should be 4 ms.
Proposal 3:
Both LBE and FBE should be studied for DL LAA
Proposal4:
For achieving fair coexistence with Wi-Fi and other LAA services, RAN1 should agree the following LTE Burst design as the baseline of the LAA frame structure for FBE.
· have four contiguous subframes as one LTE Burst
· one Idle-subframe for every one LTE burst
· the LBT occurs during the last symbol of the Idle-subframe occurring just before the next LTE burst transmission
Proposal 5:
RAN1 should study to avoid collisions between neighboring cell transmission if their LBTs occur very close to each other.
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