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1 Introduction
In RAN#65 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. The objectives within RAN1’s scope related to evaluations are as follows:

· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.
In previous RAN1 meetings, many agreements were made on detailed coexistence evaluation assumptions for DL only transmission in unlicensed spectrum. However, there are some remaining details for evaluation need to be decided before a proper coexistence evaluation can be done when both DL and UL transmission is supported in unlicensed spectrum. In this contribution, we discuss some details of evaluation assumptions and methodology for UL transmission in unlicensed spectrum.  

2  Evaluation Methodology
There are several ways to support both DL and UL transmission in unlicensed spectrum. 

Alt. 1: UL and DL is multiplexed by TDM following existing TDD DL/UL configurations;

Alt. 2: UL and DL is multiplexed by FDM;

Alt. 3: UL and DL is multiplexed by TDM without restrictions of existing TDD DL/UL configurations.

We discuss some detailed issues of evaluations for each alternative in the following.
Alt. 1 TDM DL/UL multiplexing with existing TDD DL/UL configurations
DL and UL transmission is multiplexed by TDM following the existing TDD DL/UL configurations is an obvious way to support UL transmission on an unlicensed carrier. In this alternative, the possible time interval for UL transmission is strictly following the existing TDD (including eIMTA) DL/UL configurations. The following issues need to be resolved before an evaluation of coexistences can be performed.
1. DL/UL subframe configurations
Considering practical deployment scenarios, we think there are two options for LAA DL/UL subframe configurations.
Option 1: all LAA eNBs of an operator use the same TDD DL/UL subframe configuration; while the TDD DL/UL configuration between different operators could be different.

Option 2: every LAA eNB of an operator can use a different TDD DL/UL subframe configuration.

For the purpose of LAA study where the focus in on the performance impact of coexistence, we think option 1 is more suitable for the following reasons: 1) relative low evaluation complexity; 2) the performance of different TDD DL/UL configuration itself has been extensively studied during eIMTA SI/WI.
Logically, the DL/UL configuration is chosen according to the DL and UL traffic load. To simplify the evaluation efforts, those agreed traffic model for DL only can be modified slightly to support both DL and UL transmission: to generate independent DL and UL FTP traffic with matched DL/UL subframe configuration.   
2. LBT
In some regions, LBT which is instantaneous channel sensing before using this channel must be supported. The channel sensing can be performed by energy detection. For example, if the detected energy level is lower than a predefined threshold, the equipment can start its transmission and occupy the channel no more than the maximum Channel Occupancy Time (COT). In Europe, two kinds of LBT behaviours are defined in [2], Frame Based Equipment (FBE) and Load Based Equipment (LBE). 

For LBE, CCA check can be performed whenever there is a traffic demand. If the equipment finds the channel is clear, it will start its transmission immediately. Otherwise, an Extended CCA is needed, in which the channel should be observed for the duration of a random factor N multiplied by the CCA observation time. N defines the number of clear idle slots resulting in a total idle period that needs to be observed before initiating a transmission. In other words, the position of CCA is no longer fixed for LBE. Depends on different TDD DL/UL configurations, due to limited Dl or UL subframe(s) in a frame, it may be hard for LBE based CCA to acquire a clear channel. FBE seems more suitable in this case given all the existing TDD DL/UL configurations have a fixed frame structure where the positions of CCA can be predictable.
No matter LBE or FBE based CCA, to support UL transmission in LAA, one issue needs to be discussed is who performs the CCA. Two options can be considered: CCA is performed by the UE only or CCA is performed by both eNB and UE. Another issue related to CCA at the UE side is whether multi-user multiplexing operation is possible or not. Unlike WiFi where only one STA can transmit by occupying the whole channel bandwidth, multiple LTE UEs can be scheduled to transmit data simultaneously by assigning different resource blocks in the same subframe. However, a simple energy detection based CCA may prevent this multi-user multiplexing.
Note that LBT related issues are not limited to the UL evaluations only, but also related to the design of whole LAA system. Given that there’re multiple options and/or variations in LBT design, we think some common assumptions about LBT among companies may be beneficial for the evaluations.  
Alt. 2 FDM DL/UL multiplexing
Instead of multiplexing DL and UL traffic by TDM where some subframes are allocated as UL subframes, LAA DL and UL transmission can be multiplexed by FDM where some channels (e.g. each with 20 MHz bandwidth) are allocated as UL channels. Due to the wide bandwidth of unlicensed band, there are multiple channels available. For example, M channels can be chosen as DL only while N channels can be chosen as UL only. Naturally, M and N should be chosen to match the DL and UL traffic ratio. By having one or more dedicated UL channels, evaluation methodology for LAA DL only transmission can be largely reused here.
It may be argued that in practical deployment scenarios, FDM DL/UL multiplexing may not always be possible if all the available channels are heavily loaded (e.g. by other LAA systems and/or WiFi networks). But for the purpose of evaluation study LAA and WiFi coexistence, such FDM multiplexing can actually provide meaning insight of the performance.
Alt. 3 TDM DL/UL multiplexing without restriction of existing TDD DL/UL configurations 
Compared to Alt. 1 and Alt. 2, this alternative is the most flexible in the sense that the UE can have the most freedom for UL transmission. Similar to eIMTA where DL/UL configurations can be changed, the difference here is that there’s no restriction of any existing TDD DL/UL configurations. Furthermore, the time scale for DL and UL switching in this alternative also has no restriction. The time scale for DL/UL switching could be subframe level to match a dynamic traffic change, tens of frame level, semi-static or even fixed for the whole simulation drop.  From the perspective of channel access, this alternative may be the most close to WiFi system where eNB and UE have equal chance to access the channel. Obviously, such flexibility means great evaluation complexity.     
3 Conclusion 

In this contribution, we discussed some details of evaluation methodology for UL transmission in unlicensed spectrum. We have the following proposal:

Proposal: FDM DL/UL multiplexing or TDM DL/UL multiplexing with existing TDD DL/UL configurations should be considered for LAA DL+UL evaluations.
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