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1   Introduction
There are ongoing discussions in the 3GPP community to start a study item and a work item on operating LTE in unlicensed spectrum. In this contribution, Cisco expresses its position on the deployment of LTE in unlicensed spectrum, including the 5.725 to 5.85 MHz band (so called UNI-III band in US). In the discussion section, we provide a brief description of various factors to consider such as politeness, LTE-Wi-Fi co-existence, and End to End System aspects. In the conclusion section, we provide specific recommendations to 3GPP on how to move forward in this area.
2    Discussion
1. Unlicensed spectrum (especially in the 2.4 GHz and 5 GHz bands) has been very successfully utilized over many years using a multitude of technologies, supported by a rich eco-system of devices. The result has been over USD37 billion of identified economic value in the US alone.

The successful co-existence of various technologies in the unlicensed bands has been largely due to SDOs, such as IEEE 802, and ITA’s such as the WFA (Wi-Fi Alliance) responding appropriately to regulations in unlicensed bands with standards and certifications that encourage the fair sharing of spectrum.  Introduction of new unlicensed technologies without fair sharing mechanisms could lead to what economists refer to as the “tragedy of commons” as existing technologies are modified to use similar greedy access mechanisms, eventually making the spectrum unusable for everybody.

LTE was originally designed for deployment in licensed spectrum and hence has not needed sharing mechanisms. However, it is imperative that any work to define the operation of LTE in unlicensed spectrum be grounded on principles of politeness and fair sharing with other technologies (using techniques such as Listen Before Talk (LBT)), even at the cost of some network efficiency. 

2. Co-existence Considerations:
a. 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 per cent 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 in US and Western Europe. 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. Fairness is of particular importance, given that Wi-Fi deploys a CSMA-CA based MAC method while LTE does not use such a mechanism to access the medium, so there is a real possibility that LTE usage will be “unfair” to Wi-Fi and in some cases lead to “shutting” down Wi-Fi. 
b. An increasing number of mobile devices have WLAN capability. The WLAN technology is often used to enable a range of Wi-Fi only devices to share a single LTE connection. There are additional cases where a mobile device may wish to be simultaneously connected to LTE-U and Wi-Fi at the same time. Given this, it will become imperative that 3GPP study LTE and Wi-Fi co-existence issues from a mobile device standpoint.
3. End to End System Considerations:

a. 3GPP has invested considerable amount of time developing standards to integrate Wi-Fi into 3GPP based networks. 3GPP (since Release 8.0) has allowed WLAN integration into the EPC via the S2a interface. This was further expanded by SaMOG in Release 12 to support seamless handover between LTE and Wi-Fi as well as include multi-PDN connections over WLAN. ANDSF provides policy and rules for determining which traffic is routed over Wi-Fi. In Release 12.0, ANDSF was extended to include HS2.0 Passpoint Release 1.0 (a certification program from the WFA) to make the WLAN access network selection easier and be policy based. Many mobile operators have deployed Wi-Fi networks and plan to deploy the above mentioned 3GPP extensions coming in Release 11 and Release 12. In this context, it is important to understand how LTE-Unlicensed relates to Wi-Fi from an end to end system standpoint. To answer this question, we recommend a study with following considerations: 1) Use cases that would motivate using LTE vis-à-vis Wi-Fi 2) how WLAN and LTE systems would interwork and collaborate & co-exist with one another when an operator deploys both 3) how Mobile devices and the Core Network would handle simultaneous Wi-Fi and LTE-U sessions (including how to ensure that LTE-U usage of unlicensed spectrum does not conflict with ANDSF policies for traffic offload to WLAN). While most of community has been focused on RAN consideration, Cisco sees a need for additional involvement of SA groups especially SA1, and SA2 to address these questions.
b. The LTE-Unlicensed physical channel is likely to have different characteristics compared to LTE in a licensed channel. This is due to varying degree of noise and interference from other sources of unlicensed spectrum. The existence of a politeness protocol would bring in an additional degree of randomness that is currently not present in LTE. This raises question about how the QoS guarantees for sessions over LTE-Unlicensed can be maintained or guaranteed. For example, how can one ensure that the characteristics of a dedicated GBR bearer (delay targets and availability of admitted resources) are maintained over unlicensed spectrum? Given this impact to end-to-end QoS and to service delivery, operators may want to control which traffic is considered for LTE-unlicensed carriers and potentially prohibit some traffic from LTE-Unlicensed. (Such mechanisms exist for routing traffic over Wi-Fi.) In addition, these criteria may be subscriber or service (traffic flow) dependent. To further study these aspects, we recommend SA1/SA2 groups investigate whether any changes to existing SA specifications are needed for delivering services over unlicensed spectrum. 
4.  Consultations with other ITA (International Trade Associations) like WFA, WBA: 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. (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 RAN1) 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 including 160MHz BW, 80+80 MHz BW and MU-MIMO). Co-existence studies will evaluate fairness of proposed LTE-U mechanisms.
b. Investigation of how mobile devices would handle simultaneous Wi-Fi and LTE-U sessions.
3. We recommend 3GPP (in SA groups) to undertake a study item that covers the following

a. End-to-end system considerations such as: 1) Use cases that motivate using LTE-Unlicensed vis-à-vis Wi-Fi when both may be available 2) how WLAN and LTE systems may interwork and collaborate/co-exist with each other

b. System Architecture considerations involving Access network selection ((including how to ensure that LTE usage of unlicensed spectrum does not conflict with ANDSF policies for traffic offload to WLAN) and traffic steering considering end-to-end QoS impacts. 
4. We recommend 3GPP consult with the WFA soliciting input on co-existence aspects and with WBA soliciting input on Wi-Fi deployment models.

5. We recommend that the above study item be completed before approving any related work item in 3GPP (RAN4).
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