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1 Introduction
The new Study Item on Licensed-Assisted Access (LAA) which was approved at RAN#65, includes the following objectives relevant to RAN1 [1]:

1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where a low-power Scell operates in unlicensed spectrum and is either DL-only or contains UL and DL (using time-division multiplex between UL and DL), and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· 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. [RAN1, RAN4]
3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
In this contribution, our objective is to identify and discuss necessary functionalities for the LAA DL. The pertinent DL functionalities are Listen-Before-Talk (LBT), maximum transmission duration control, time and frequency tracking, RRM measurement, CSI feedback at the UE, and in-device coexistence. Candidate solutions for these functionalities are addressed in our companion contribution [2].
2 Discussion
The regulatory requirements for operation in the unlicensed 5GHz band vary across the world, and a summary is available in [3]. It is highly desirable to identify a single global solution framework for LAA to unlicensed spectrum as stated in the SID. The first two functionalities identified in this contribution, namely LBT and maximum transmission duration control, are intended to satisfy the essential requirements of such a global solution. The remaining other functionalities of time-frequency tracking, RRM measurement and CSI feedback and in-device coexistence are essential for efficient usage of the unlicensed spectrum.
2.1 Listen-before-talk
Typically, devices operating in unlicensed band often employ various techniques, such as dynamic spectrum access or listen-before-talk protocols, to reduce the interference risk to others as well as themselves. The primary operating condition for unlicensed devices is that the operator must accept whatever interference is received and must correct whatever interference it causes. Should harmful interference occur, the operator is required to immediately correct the interference problem or cease operation.
European requirements mandate the usage of LBT in the unlicensed 5150-5350 MHz and 5470-5725 MHz bands [3]. The LBT procedure is analogous to the Distributed Coordination Function employed by Wi-Fi. It is defined as a mechanism by which equipment applies a clear channel assessment (CCA) check before using the channel [4]. The CCA utilizes energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. 
The ETSI standard categorizes equipment in the unlicensed spectrum as either being frame-based (transmit-receive structure with fixed timing) or load-based (transmit-receive structure with dynamic timing). In a load-based system, a failed CCA attempt can be followed by an extended CCA attempt where the channel has to be observed idle for a random time duration before being utilized for transmission. The system operates such that the longer the random idle time, the longer the channel occupancy time can be. Moreover, a new CCA/extended CCA can immediately take place after releasing the channel. The LBT requirements for load-based equipment in Europe are shown in Table 1. It is recommended to design licensed-assisted SCells and their UEs for load-based operation for flexible utilization of the unlicensed spectrum and adaptability to traffic load. 
Table 1: LBT requirements for load-based equipment [3]
	Parameter
	Requirement
	Comment

	Clear Channel Assessment (CCA) time
	Minimum 20μs
	

	Extended CCA time
	Duration of a random factor N multiplied by the CCA observation time. 

N shall be randomly selected in the range 1..q every time, q=4…32
	

	Channel Occupancy time
	<= (13/32) × q ms
	

	Idle period
	Extended CCA time
	

	Short control signaling transmission time
	Maximum duty cycle of 5% within an observation period of 50ms
	Part of Channel occupancy time

	CCA Energy detection threshold 
	Assuming receive antenna gain G=0dBi:

If EIRP=23dBm at transmitter

Threshold ≤ -73 dBm/MHz

Otherwise (different transmit power levels, PH)

Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
	For wireless access systems/RLAN


Apart from regulatory requirements, carrier sensing via LBT will lead to a fairer sharing of the unlicensed spectrum with other access technologies such as Wi-Fi. In other words, the interference from a LAA SCell employing LBT to a Wi-Fi network in proximity is expected to be similar to that of an additional Wi-Fi network on the same channel. This is consistent with the objectives of the SI as outlined in Section 1. Therefore, LBT is considered to be a vital feature for LAA SCells and their associated UEs, given the aim of a harmonized LAA solution and fair spectrum sharing. In order for LTE to have a fair and friendly operation in the unlicensed spectrum in a single global framework, we propose the following observation and the consequent proposal:

Observation: 
· A fair and friendly channel access mechanism should be adopted in LTE for operation in unlicensed spectrum.
Proposal: 
· Listen-before-talk is supported on LAA SCells.
2.2 Maximum transmission duration control
Certain regions such as Europe and Japan impose limits on the maximum duration of a transmission burst in the unlicensed 5GHz spectrum. It is observed from Table 1 that in Europe the maximum channel occupancy time for load-based equipment is limited to less than 13ms, whereas frame-based equipment are limited to a maximum of 10ms of channel occupancy time. In Japan, the maximum duration of a transmission burst is limited to less than 4ms [3]. Taking 4ms as the lowest common denominator for the maximum duration of a transmission burst leads to the following proposal.
Proposal: 
· LAA supports a mechanism for configurable maximum transmission burst durations. Efficient LAA operation with a maximum transmission burst duration of 4ms should be supported.
2.3 Time and frequency tracking, RRM measurement and CSI feedback
Since the availability of signals including LTE reference signals cannot be guaranteed on unlicensed spectrum, functionalities such as time and frequency tracking, RRM measurement and CSI feedback should be provided by possibly alternate methods for appropriate and efficient operations of LAA SCells. 

Considering time and frequency tracking as an example, UEs require periodic opportunities to estimate time and frequency. A filtering/tracking operation is applied to these estimates to maintain time and frequency synchronization. The combination of the LBT and maximum transmission burst duration functionalities discussed above implies that LAA SCell reference signals are not guaranteed to be transmitted with a fixed periodicity. 
Proposal: LAA should support the following functionalities for LAA SCells
· Time and frequency tracking
· RRM measurements  
· CSI acquisition and reporting
2.4 In-device coexistence
The SID identifies the potential cases where devices supporting LAA with Wi-Fi (or multiple other-technology radio modems) need to, e.g., be able to detect Wi-Fi networks during LAA operation though that does not imply concurrent LAA + Wi-Fi reception/transmission. In Rel-11, extensive in-device coexistence (IDC) signaling and procedures were defined in RAN2 to provide IDC solutions for a diverse range of technology combinations: 
· LTE + Bluetooth

· LTE + Wi-Fi offload
· LTE + Wi-Fi portable router

· LTE + GNSS receiver 

The general framework of Rel-11 starts with the UE detecting and trying to solve the coexistence situation on its own. If the issue requires further assistance from the network, such indication can be sent by the UE to the network. The Rel-11 IDC solutions consist of both FDM and TDM approaches. In short, the network can move the LTE signal to a different carrier or provide gaps to the UE to remedy the IDC issues. In particular, the network can configure a large DRX period to allow the UE to detect other Wi-Fi networks. The Rel-11 IDC procedures may be sufficient to address the in-device coexistence situation for LAA.
Observation:
· Rel-11 IDC signaling and procedures defined in RAN2 may be sufficient to address the in-device coexistence situation for LAA.

3 Conclusion

In this contributions we discussed necessary DL functionalities for LAA. The above discussion is summarized with the following observations:
Observation: 

· A fair and friendly channel access mechanism should be adopted in LTE for operation in unlicensed spectrum.
· Rel-11 IDC signaling and procedure defined in RAN2 may be sufficient to address the in-device coexistence situation for LAA.
Based on the above discussions and observations we propose the following: 

Proposal: 
· Listen-before-talk is supported on LAA SCells.
· LAA supports a mechanism for configurable maximum transmission burst durations. Efficient LAA operation with a maximum transmission burst duration of 4ms should be supported

· LAA should support the following functionalities for LAA SCells
· Time and frequency tracking
· RRM measurements  
· CSI acquisition and reporting
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