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1 Introduction 
As one of the initial tasks of the licensed assisted access (LAA) Study Item [1], the functions and operations of a LTE in an unlicensed band should be clearly defined and agreed. In this contribution, we provide our views on the functionalities that are expected and required from LAA. Motivated by these functionalities, we describe the corresponding fairness metrics and criteria for LAA operations and coexistence in the same unlicensed bands with other RAT and/or with other LTE systems. 
2 Required functionalities 
From the SID, the use of standalone operation and Dual connectivity are already excluded from this SI. Other considerations that define LAA in unlicensed bands that should be agreed upon are:
· Compliance with the regulatory requirements: Fair usage of the unlicensed band(s) as required by the regional regulatory bodies. This includes protection of incumbent systems through DFS, Listen Before Talk (LBT) channel access through CCA, Channel Occupancy Time etc. where applicable. LAA specifications in Release 13 shall support minimum requirements that ensure compliance to these regulatory requirements.

· Compatibility and coexistence with other systems: Compliance to any regulatory requirements should be consistent and compatible to the same compliance by other systems that share the same unlicensed bands such as WLAN systems. This is to ensure fairness as well as coexistence.

· Flexibility to support different regional requirements: Due to the differences in regional regulatory requirements, LAA specifications shall support the flexibility for the network implementations to select specific standardized features that are necessary for a specific region or regions.

· Support of indoor and outdoor deployment scenarios: There are defined power limit requirements in most regions with some restricted to indoor use. However, LAA specifications shall support both indoor and outdoor deployments to ensure coverage of various deployment scenarios and also to be future proof.
· Small cell deployment only: The LAA design should target small cell deployment only, and the deployment scenarios should reuse the agreed scenarios from the Small Cell Enhancement Study and Work Items as documented in TR 36.932. In addition, small cells here comprises of any low power nodes that are lower in power than the Wide Area BS class. 

3 Design targets and fairness criteria
The SID includes the following:

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
The details of these design targets and fairness criteria have been left up to RAN1 to determine, and these are discussed below. 
3.1 Fair Sharing Metrics

The key requirement is that LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. It needs to be defined which metrics should be used to measure the impact. 

Throughput is a widely used and well understood metric. Given that the evaluations should be performed using a bursty traffic model [2], user perceived throughput should be used, defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst. 
This is applicable to WiFi data services. 
For data services, there is no need for any further evaluation of latency, since it is already taken into account in the UPT definition. 

If video and voice services are to be evaluated, latency and jitter are relevant. 

For latency, [3] sets equal latency targets for audio and video. These translate into one-way air interface latency requirements (including buffering and scheduling) of around 80ms, but a target requirement of 50ms is typically used in 3GPP to ensure some margin. Below this level, there is no perceived impact on service quality. Therefore, rather than considering absolute latency values, the latency metric for LAA evaluations should be the percentage of packets that are not successfully delivered within 50ms. 

Jitter metrics and requirements are not currently defined in 3GPP. A typical metric could be the standard deviation of the packet delay. However, provided that the mean packet latency is sufficiently below target, jitter can always be resolved by buffering. This could be handled within the 30ms latency margin discussed above. Therefore if the latency metric is set as above, it is not necessary to consider a separate jitter metric. Alternatively, the latency metric could be relaxed and a separate requirement be set for delay standard deviation, but this would unnecessarily complicate the evaluations and deviate from established practice. 
Proposal 1: The fair sharing metrics used for LAA co-existence evaluation should be:

· For data services: User Perceived Throughput (UPT), defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst;

· For voice and video services (if evaluated): the percentage of packets that are not successfully delivered over the air interface within 50ms 

· No separate jitter metric is needed. 

For each of these two metrics, baseline performance should be established by evaluating the metrics for the coexistence of multiple WiFi networks. The WiFi performance change in the coexistence of the LAA network(s) can then be compared with this baseline. 
3.2 In-Device Co-existence

In-Device Co-existence can be supported as currently in LTE, by means of DTX/DRX gaps. Details can be described when specific solutions are considered. 
3.3 Co-Channel Co-existence
A simplistic analysis of co-channel co-existence between LAA systems and between LAA and other technologies might artificially assign the same channel to each system and then examine their performance. However, it must be noted that the bands in which the unlicensed carrier of an LAA system would be operating comprise multiple channels, and it can be assumed that the LAA system will possess a mechanism to select a channel from those in the band [4]. Such a simplistic analysis would therefore misrepresent the performance, as it would ignore a key feature that would be part of the overall co-existence design. 

Any assessment of co-channel co-existence should include any channel selection capability of the LAA system. Therefore co-channel co-existence should be captured implicitly by the above fair sharing metrics applied in evaluations including channel selection, and no separate evaluation of co-channel co-existence is needed. 
Proposal 2: Co-channel co-existence is implicitly captured by the above fair sharing metrics applied in evaluations including channel selection, and no separate evaluation of co-channel co-existence is needed. 

4 Conclusions
LAA should support the following:
· Compliance with the regulatory requirements;

· Compatibility and coexistence with other systems;

· Flexibility for the network implementation to select specific standardized features that are necessary for a specific region or regions;

· Both indoor and outdoor deployments;

· Small cell deployment only (any cells that are lower in power than the Wide Area BS class). 

In terms of fairness metrics, we propose the following: 

Proposal 1: The fair sharing metrics used for LAA co-existence evaluation should be:

· For data services: User Perceived Throughput (UPT), defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst;

· For voice and video services (if evaluated): the percentage of packets that are not successfully delivered over the air interface within 50ms 

· No separate jitter metric is needed. 

Proposal 2: Co-channel co-existence is implicitly captured by the above fair sharing metrics applied in evaluations including channel selection, and no separate evaluation of co-channel co-existence is needed. 
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