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1
Introduction
Licenced spectrum is becoming scarce just as traffic take-up due to the multitude of sophisticated data-hungry devices has skyrocketed. On the other hand, the predominant amount of spectrum which resides in unlicensed bands offers a cost-effective and attractive alternative. Thus, the adoption of LTE in unlicensed spectrum (a.k.a “LTE-U”) offers great promise. 
To that end, this contribution discusses the following:

1. The Drivers (reasons why the industry needs new, cost-effective spectrum);
2. The Benefits (positive outcomes to operators, vendors, subscribers and the ecosystem as a whole); and
3. The Challenges (the risks, impediments and necessary safeguards needed for smooth operation).

LTE-U represents a paradigm shift and as with all disruptive initiatives, much deliberation is crucial. Rushing this effort should be resisted as it may fail, which would be unfortunate.
2
Discussion
2.1

The Drivers
1. Scarce available licenced spectrum;

2. Increased CapEx, OpEx and subscriber acquisition costs;

3. Attractiveness of cost-effective (free) unlicensed spectrum;
4. Serving an increasing number of all-wireless base of subscribers;

5. Serving a whole new demographic of devices, such as tablets, MTC UEs, etc;

6. Servicing the exponential increase in data traffic;

7. Coping with increased interference;
8. Offering very rich media which requires very wide bit-pipes;
9. Covering denser service areas with small cells.
2.2

The Benefits

1. LTE-U can be considered “green-field”, since the unlicensed band deployment is a new band;
2. There should not be any backwards compatibility issues, since LTE does not have any legacy carriers in the unlicensed band;
3. LTE requires less transmit power for better coverage due to its use of advanced techniques;
4. Lower transmit power improves device battery life;
5. LTE's advanced interference mitigation techniques have the potential to enable greater throughput & capacity compared to WiFi
6. Improved economies of scale with LTE in both licensed and unlicensed bands;

7. Streamlined OAM&P with LTE in both licensed and unlicensed bands;

8. Much reduced CapEx, OpEx and subscriber acquisition costs;

9. Improved end user experience due to seamless transitions between licenced and unlicensed bands;
10. Less complicated traffic offload with carrier aggregation between licensed and unlicensed bands in a single RAT.
11. Higher throughput due to wider bandwidths from CA between licenced and unlicensed bands;
12. Ability to do native broadcast using eMBMS as compared to WiFi multicast which relies on frequency reuse and is thus highly inefficient
13. Ability to fund network & service enhancements from savings derived from using unlicensed (free) spectrum;
14. Improved networks result in richer service and superior user experience;
15. Improved health of wireless industry as a whole.

2.3

The Challenges

1. An obvious challenge is co-existence. WiFi (and to a smaller extent BlueTooth) are incumbent technologies in the 5.8 GHz band. In order to be a polite and cooperative neighbor, LTE-U will have to develop and enforce a “Robust Co-Existence Mechanism” (RCM) such that its introduction doesn’t negatively impact these existing services in unlicensed bands.
2. By the same token, LTE-U will need to develop RCM in order to protect itself as well.

3. LTE-U will need to have RCM enabled from the outset (ie. no 2-phase approach where, in the 1st phase there is no RCM) to avoid degraded service all around.
4. RCM could be something totally new; no need to restrict it to Listen Before Talk (LBT) a.k.a. Carrier Sense Multiple Access (CSMA) as used in WiFi.
5. WiFi uses channel selection and opportunistic operation. But this is not in the LTE specifications. It will need to included otherwise it would be up to vendor implementation, which runs the risk of interfering with WiFi more than WiFi to WiFi.

6. Issues relating to restricting LTE-U to the DL supplemental carrier case where it’s claimed that LTE can be used “as is”, need to be examined carefully. The argument put forth is that since this is a supplemental DL, the only one transmitting is the eNodeB and therefore intelligence can be put in the eNodeB to do the interference coordination in a proprietary way, which is not desirable if large economies of scale are to be exploited.

7. Not having the UE transmit helps and one could design very sophisticated interference coordination schemes at the eNodeB. But the problem is that there is no guarantee that all eNodeBs will do this and their algorithms will be effective. It is a leap of faith to assume there won't be any problems, since it doesn't stop anyone from putting another system right next door that doesn't coordinate interference and therefore could monopolize all the channels. 
8. It needs to be verified whether LTE-U (either with LTE as is or in SDL form) can truly be as good or a better neighbor than WiFi.

9. In countries like the USA, the FCC provides for, but does not mandate the application of rules for sharing spectrum in unlicensed bands. The FCC provides regulations (ref: Part 15.247 and Part 15.407); however 3GPP needs to ensure the specifications are developed to enable LTE to conform to these rules. This is unlike other countries such as those in the EU and in Japan – where the regulators specify and clearly mandate conformance to such rules. Without some form of RCM, there would be chaos. LTE in the unlicensed band should NEVER operate without RCM from the outset, irrespective of whether the law mandates it not. This is because WiFi does a CSMA irrespective of anything and peaceful co-existence with WiFi is absolutely necessary for LTE-U.
10. It is unclear that LTE's current design is optimal and sufficient to be applied at 5.8 GHz. The potential problem is that the current LTE signal design may not be suited for the kind of propagation and network model that apply in the higher frequency unlicensed bands.
11. The design of the cyclic prefix and subcarriers bandwidth is very much geared toward large cells at low frequency with non-LoS. This doesn't mean that LTE cannot be used “as is”, but it may be very inefficient. Changes to overcome this potential deficiency will need to be studied and addressed.
12. LTE-U should also be studied for applicability in the TVWS (TV White Space) portions of the spectrum.
13. The current limit of 20MHz as the largest channel size in LTE could also be a bit limiting. While 3GPP definitely should try to avoid defining a new air interface, it is important that it ensures that LTE is updated to operate at these frequencies. 
3
Conclusions

LTE-U offers very promising benefits to meet the drivers set forth in this paper. For these gains to be realized, it is imperative that the challenges listed above are adequately addressed before attempting anything else. The most appropriate way to do this, in our estimation, is to have an initial single new study item under the purview of TSG-RAN. Additionally, given the current high work load in Release 12, we strongly recommend that this new study be deferred to Release 13. This will also give a larger audience to think about and begin internal investigations on how to meet this new initiative.
In conclusion, AT&T proposes that:
· LTE-U should initially be a single new study item under the purview of TSG-RAN;

· The study item should at a minimum address the challenges listed in this paper;

· The study item should be deferred to Release 13.
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