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1. Introduction

At the RAN1#79 meeting, evaluation assumptions and methodologies for the study on Licensed-Assisted Access to Unlicensed Spectrum (LAA) were discussed, and those for DL only LAA evaluation were agreed and completed [1].
In this contribution, we present our views on remaining details of evaluation assumptions and methodologies for DL+UL option of LAA. The technical issues related to DL+UL option of LAA are discussed in our companion contribution [2].

2. Evaluation Assumptions and Methodologies for DL+UL Option of LAA
In addition to the evaluation for DL only option of LAA, the evaluation for DL+UL option of LAA should also be done according to the scope of LAA study item [3]. For the evaluation for DL+UL option of LAA, it should target at observing the impact of DL and UL transmissions within LAA operator to the DL and UL transmissions of Wi-Fi or LAA in another operator. In this section, our views on required evaluation assumptions and methodologies for DL+UL evaluation are presented.   
2.1. DL/UL traffic modeling

DL/UL traffic for victims and aggressors 

In Wi-Fi-Wi-Fi co-existence and Wi-Fi-LAA co-existence, one Wi-Fi operator is assumed as a victim operator network, while another Wi-Fi or LAA is assumed as an aggressor operator network. In order to investigate the impact of DL and UL transmission to the victim operator network, both DL and UL traffic need to be applied to the aggressor LAA network in the simulation. For the fair comparison, both DL and UL traffic should be applied to the aggressor of another Wi-Fi network as well. 

Victim Wi-Fi APs would suffer from the channel access competition with the aggressor operator network and other Wi-Fi APs/STAs within the same operator. The situation may be the same for victim Wi-Fi STAs. However, the impact of the coexistence to DL performance and UL performance of victim Wi-Fi network should be investigated. Therefore, both DL and UL traffic should be applied to the victim Wi-Fi operator as well.    

Proposal 1: For the evaluation of DL+UL option, victim operator network sends DL and UL traffic, while aggressor operator network (Wi-Fi or LAA) sends DL and UL traffic. 

Traffic model 

Under the current evaluation assumption, both FTP model 1 and 3 could be used for the co-existence evaluation of DL only LAA. In the co-existence evaluation for DL+UL LAA, FTP model 3 seems more suitable than FTP model 1. In FTP model 1, the UE appears and vanishes with the packet arrival and departure. That is due to one UE coupled with one packet. This modelling method causes a fluctuation of number of UEs. Thus the simulation complexity will be largely increased with the UE number increase and the situation of channel access competition dynamically changes. In FTP model 3, there is no such coupling. The number of UEs is fixed. The DL and UL packet could be generated during the simulation time and assigned to one of the UEs randomly.  Therefore, the simulation complexity is relatively small and the condition of channel access competition is reasonable in FTP model 3. 
Proposal 2: FTP model 3 should be used for modelling of DL+UL traffic. 

DL/UL traffic ratio 

In reality, there will be more DL traffic than UL traffic. So in the co-existence evaluation for DL+UL LAA, amount of DL traffic should be larger than that of UL traffic. For example, the different traffic arrival rate can be applied for DL and UL traffic. Furthermore, in order to align the evaluation assumptions among different companies as much as possible, an appropriate ratio between DL and UL traffic should be decided, e.g. DL:UL=4:1.   

Proposal 3: Appropriate ratio between DL and UL traffic should be decided, e.g., DL : UL = 4 : 1.  

2.2. Licensed carrier for LAA UL 
It was agreed that the bandwidth for LAA UEs should consider both licensed and unlicensed carriers, as licensed band could be one of the tools for LAA to co-exist with Wi-Fi. Naturally, the licensed band could be used also for UL transmission of LAA and hence the same UE bandwidth assumption as in DL only LAA evaluation should be applied to LAA UL.
Proposal 4: The same UE bandwidth assumption as in DL only LAA evaluation should be applied to LAA UL. 

2.3. Performance metric 
As victim Wi-Fi operator network sends both DL and UL traffic, separated UPT and latency CDF for DL and UL should be evaluated. 

Proposal 5: Separated UPT and latency CDF for DL and UL should be provided. 

At the last RAN1 meeting, the metric of load factor [4] was discussed and regarded as working assumption to characterize the system load considering the contention based transmission in unlicensed band. The working assumption of the load factor metric seems sufficient for DL only case. In order to make the metric applicable to both DL and UL traffic cases, a modified metric on load factor was proposed in the email discussion [5] as follow:

The buffer occupancy is defined as “Buffer occupancy of the i-th small cell (Wi-Fi & LAA) = sum of the period of time during which at least one of the i-th small cell and UEs (belonging to the i-th small cell) has data to transmit including retransmissions (i.e., its queue is not empty) / total simulation time” and average buffer occupancy is defined as “buffer occupancy averaged over the all small cells of the same operator”.  

The modified metric of load factor could reflect the system traffic load when both DL and UL transmission could access the unlicensed channel in any time, such as Wi-Fi, LAA with flexible DL and UL subframe utilization [2]. If the existing TDD configuration, in which DL and UL transmission is restricted in some of the separated subframes, is used for DL+UL option of LAA, the modified load factor metric could not reflect the system traffic load well. For example, in the case of LAA with DL and UL subframe ratio of 4:1 (like TDD DL/UL subframe config. 2), if there is a full buffer UL traffic and no DL traffic, the buffer occupancy may be 100% by using the modified metric. But actually, the DL subframes are empty and additional DL traffic could be transmitted in these subframes. 

Therefore, for the case of DL+UL option of LAA with a certain DL/UL subframe configuration, it is better to decouple the DL and UL subframes when calculate the buffer occupancy time. Then there will be several approaches to achieve a more suitable definition on the load factor. One of the examples is shown as below. 
The buffer occupancy is defined as “Buffer occupancy of the i-th small cell (Wi-Fi & LAA) = sum of the period of time during which at least one of the i-th small cell and UEs (belonging to the i-th small cell) has data to transmit including retransmissions (i.e., its queue is not empty) in the dedicated transmission channel* / total simulation time” and average buffer occupancy is defined as “buffer occupancy averaged over the all small cells of the same operator”.   

*Dedicated transmission channel means 
- DL channel for small cell (Wi-Fi & LAA) or UL channel for UE (Wi-Fi & LAA), in the case of separated DL and UL resources, e.g., DL+UL option of LAA with TDD DL/UL subframe configuration.
- All channels, in the case of non-separated DL and UL resources, e.g. Wi-Fi. 

The proposed metric is the same as the modified metric in [5] for the case of Wi-Fi, DL only LAA and DL+UL LAA with flexible DL/UL subframe utilization.  In the example we discussed in this section, if there is only UL full buffer traffic in the LAA system with DL and UL subframe ratio of 4:1, the channel occupancy is 20%. It indicates that 80% of the resource of the DL channel is not occupied.   

Proposal 6: Definition of load factor metric should be further modified in order to cover all possible configurations for DL+UL option of LAA.
2.4. Others 

Basically, we think that all other baseline assumptions for DL only LAA evaluation, such as carrier/UE number, can be reused as baseline in DL+UL LAA evaluation. Of course, companies can provide results with any other assumptions/parameters. Considering the tight work plan for this LAA SI, we should avoid consuming a long time for the discussion on evaluation assumption unless any significant issue is identified.
Proposal 7: All other baseline assumptions for DL only LAA evaluation can be reused as baseline in DL+UL LAA evaluation.
3. Conclusion 

In this contribution, we presented our views on remaining details of evaluation assumptions and methodologies for DL+UL option of LAA.
Proposal 1: For the evaluation of DL+UL option, victim operator network sends DL and UL traffic, while aggressor operator network (Wi-Fi or LAA) sends DL and UL traffic. 

Proposal 2: FTP model 3 should be used for modelling of DL+UL traffic. 

Proposal 3: Appropriate ratio between DL and UL traffic should be decided, e.g., DL : UL = 4 : 1. 
Proposal 4: The same UE bandwidth assumption as in DL only LAA evaluation should be applied to LAA UL. 

Proposal 5: Separated UPT and latency CDF for DL and UL should be provided. 

Proposal 6: Definition of load factor metric should be further modified in order to cover all possible configurations for DL+UL option of LAA.
Proposal 7: All other baseline assumptions for DL only LAA evaluation can be reused as baseline in DL+UL LAA evaluation.
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