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1
Introduction
There are ongoing discussions in the 3GPP community to start a study and work item on operating LTE in the unlicensed spectrum. In this contribution, Cisco expresses its views on the requirements for deploying LTE in unlicensed spectrum, including the 5.725 to 5.85 MHz (UNI-III band in US). In the discussion section, we highlight the importance of co-existence mechanisms, such as carrier sensing, in order to utilize the spectrum efficiently and fairly. Further, we emphasize the need for random backoff procedures to ensure that spectrum is shared equitably among all devices using this spectrum.
2
Discussion 
1. 
Single global specification: We are mindful of the fact that regulations in countries like US do not require LBT. However, we favor a single global standard that works across all regulatory domains from the standpoint of reducing the number of implementations across the various geographies. We recommend that LTE-U adopt a common politeness mechanism (such as LBT) that works across all regulatory domains. This shall apply even in countries where regulation does not require it (such as FCC regulations in US).

2. 
Channel selection by itself is not adequate: It has been suggested that channel selection methods can be used in lieu of techniques such as LBT, as a mechanism for co-existence with Wi-Fi. Channel selection is a good technique to avoid interference and potentially reduce interference (by less overlap). However, channel selection by itself is not enough for co-existence due to the following reasons: 
a. While historically most of hand-held devices were on 2.4GHz, in past years the 5GHz band has become more and more populated [1]. Moreover, UNII-3 band has a number of attractive properties: not subject to DFS or radar detection in US, and higher-power. This has made UNII-3 a popular band such that, according to FCC certification reports for 2011, about 93% of the 5GHz-certified devices are certified for UNII-3 band. This further indicates that for the popular 5GHz band and UNII-3, a slow channel selection mechanism means a large percentage of devices could face connectivity disruption while LTE-Unlicensed uses the band. As a result, LTE-U will have to deal with the issue of sharing spectrum with Wi-Fi.

b. Channel selection is a slow process compared to the frame durations. With channel selection approach as a sole co-existence mechanism, a technology would occupy the unlicensed channel for a long duration, equivalent of hundreds or thousands of frames, before re-evaluating the presence of other technologies in the channel. Considering the QoS that most of the applications require, this essentially means disconnection for the applications that use either of the technologies.

3. 
Voluntary Muting is neither efficient nor adequate: It has also been suggested that voluntary muting methods can be used in lieu of techniques such as LBT as a mechanism for co-existence with Wi-Fi. We would like to point out that similar to channel selection voluntary muting causes poor QoS due to collision and lengthy interruptions. Also voluntary muting is not efficient. With voluntary muting, both technologies are subject to systematic collision and interference by each other. For instance, when LTE-Unlicensed comes out of a mute duration and starts transmission, the devices using the incumbent technology would transmit as if no LTE-Unlicensed frame is coming, hence it could cause collision such that neither of the frames are received correctly. This would cause a portion of the unmute period to experience collision systematically.  
4. 
Backoff mechanisms allow for fair and efficient sharing: Sharing an unlicensed band between several nodes and technologies in an uncoordinated way is challenging. So far, Wi-Fi with random backoff has shown to be a fair and efficient way for several nodes and technologies to access an unlicensed channel. Since the first 802.11 amendments, Wi-Fi has used random backoff (while detecting collisions) to guarantee a fair and efficient sharing across Wi-Fi and non Wi-Fi nodes. We strongly recommend LTE-Unlicensed to consider random backoff mechanism during channel access and statistically larger random backoff when “collisions” are detected during medium access. 
5. 
Spectrum sharing should be proportional to number of users: Unlicensed spectrum should be shared proportionally based on the number of users. This principle has been used in Wi-Fi products. Allowing a device to take advantage of the unlicensed medium, in an uncoordinated wireless network, would simply lead to one node or technology unfairly consuming most of the medium. In fact, in presence of several devices with such privilege, what is achieved is that these devices compete for the medium in a greedy way, causing waste of the medium due to frequent collisions and poor QoS.
6. 
Co-existence Considerations:
a. Deployment Scenarios: IEEE 802.11 based WLANs (referred to as Wi-Fi based on the certification program by the WFA) are widely deployed today in the 2.4 GHz and 5 GHz band today. In fact our studies show that more than 50 percent of Internet traffic is carried over Wi-Fi today (see [1]). Many 3GPP operators have deployed Wi-Fi based access networks. In addition, Wi-Fi is deployed in increasing numbers in residential homes. If LTE is deployed in the same spectrum as Wi-Fi it is imperative that 3GPP study co-existence of LTE and Wi-Fi taking into the various Wi-Fi deployment scenarios (such as indoor residential, indoor enterprise, indoor “carrier” Wi-Fi, outdoor/metro Wi-Fi, point to point bridging, etc.). Co-existence studies should consider scenarios where Wi-Fi and LTE-U may not be operated by the same entity and hence preventing some form of co-ordination in terms of frequency planning between LTE-U and Wi-Fi.

b. Mobile Devices: The study should look at the implication of supporting LTE-U and Wi-Fi simultaneously in mobile devices. We recommend looking at the implications of requirements where the end-user may want to operate Wi-Fi independent of the operator’s desire to use LTE-U radio in the same handset. 

c. Co-existence across LTE-U users: Consider multiple LTE-Unlicensed units operate in the same area. With limited bandwidth and the possibility of several operators serving the area (possibly some nodes with carrier aggregation), there ought to be some efficient mechanisms to guarantee fair medium access to all the LTE-Unlicensed units. Channel selection and voluntary muting are certainly not efficient and adequate mechanisms to fairly share the medium among the LTE-Unlicensed units. This scenario highlights the need for a co-existence mechanism that is fair and efficient among LTE-Unlicensed units, and between incumbent technologies, such as Wi-Fi, and LTE-Unlicensed. 
7. 
Fairness: In the scenario where Wi-Fi and LTE-U share the same spectrum, it is essential that the two technologies share the access medium in a “fair manner”. We recommend the study to consider various criteria such as “equal transmit opportunity”, “equal time”, “equal throughput” for a fairness metric. Such criteria are essential in evaluating the efficacy of any proposed co-existence mechanism. 3GPP is also encouraged to seek additional industry input from bodies such as IEEE 802.11, WFA.

8.  
Consultations with other ITA (International Trade Associations): WFA is a successful organization with over 500 members and a thriving certification program. 3GPP organization should seek to collaborate and/or consult with WFA on Wi-Fi and LTE co-existence and fairness.  (WFA has prior experience with such studies. For example, in 2006-9, WFA worked with CTIA to provide the CWG-RF certification program “the RF performance evaluation of Wi-Fi mobile converged devices”.) 
3
Conclusions
1. 
We recommend that LTE-U adopt a common politeness mechanism (such as LBT) that works across all regulatory domains. This shall apply even in countries where regulation does not require it (such as FCC regulations in US).
2. 
We recommend 3GPP (in RAN) to undertake a study item that covers the following:
a. Co-existence study between LTE and Wi-Fi taking into account various deployment models, as well as various Wi-Fi variants including 802.11ac (wave 1 and wave 2). Co-existence studies will (1) consider random backoff principle; (2) evaluate fairness of proposed LTE-U mechanisms.
b. Co-existence study between several LTE units taking into account various deployment models.

c. Investigation of how mobile devices would handle simultaneous Wi-Fi and LTE-U sessions.
3. 
We recommend 3GPP to consult with the WFA soliciting input on co-existence and fairness aspects and with WBA soliciting input on Wi-Fi deployment models.
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