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1. Introduction
In RAN#65 plenary meeting, the Licensed-Assisted Access (LAA) using LTE has been approved as a new Rel-13 study item [1], where unlicensed spectrum is used on secondary cell(s) (either DL-only or UL and DL) through carrier aggregation to complement the primary cell (either FDD or TDD) on licensed spectrum.
The study objective related to RAN1 is given as follows. 
· Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 
· …
· 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] 
· 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]

On these unlicensed channels, each LAA operator is required to fairly coexist with other LAA operators and other technologies such as Wi-Fi. For regions with more strict regulatory requirements, Listen-Before-Talk (LBT) is required. LAA has to be carefully designed to comply with LBT requirements and control the interference towards other users in the same unlicensed spectrum. 
In this contribution, we present our views on the potential PHY enhancements needed for LAA to address the LBT regulations. Note that the discussion focuses on DL-only LAA operation.

2. LBT requirements and required functions for LAA
In some regions e.g. Europe and Japan, the specific co-channel requirement referred to as “Listen Before Talk (LBT)” is mandated by regulations. Before starting transmissions on the unlicensed channel, each equipment is required to perform a Clear Channel Assessment (CCA) check using energy detection within a designated time. If the detected energy level is below the CCA threshold, the channel can be used for a duration defined as the Channel Occupancy time. After that, another CCA check is required. 
Specifically, ETSI defines the LBT requirements in Europe for two kinds of equipments: Frame based equipment and load based equipment [2]. The frame based equipment has a fixed frame structure, while the load based equipment does not. The requirements are also different for the allowed Channel Occupancy Time and Idle Time. The requirements have been summarized in our companion paper [3] and are included here in Table 1 for convenience. 
[bookmark: _Ref399151574]Table 1 LBT requirements for frame-based equipments and load-based equipments
	Parameter
	Frame-based equipments
	Load-based equipments

	Clear Channel
Assessment (CCA)
	Energy detection for no less than 20μs

	Extended CCA time
	Not applicable
	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
	[1, 10] ms
	<= (13/32) × q ms

	Idle period
	>= 5% of channel occupancy time
	Extended CCA time

	CCA energy detection threshold 
	Assuming receive antenna gain G=0dBi:
If EIRP=23dBm at transmitter
Threshold ≤ -73 dBm/MHz
Otherwise, for max transmit power PH
Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)



LBT is also required in Japan. In Japan, there have been no detailed regulatory requirements defined for the operation of LAA technology so far. But requirements exist for 802.11a/n/ac technology, and if similar requirements were to be applied to LAA it would mean that carrier sensing would be required before transmission, and the maximum burst length would have to be less than 4 ms.

Clearly, enhancements are needed for LTE to comply with the LBT requirements in these regions. There should be a mechanism/framework that can support somewhat different requirements (e.g. different maximum occupancy time) in different regions. Here we use the detailed requirements in Europe as the baseline, while keeping in mind possible differences in other regions.
To comply with LBT, LAA would require CCA check before transmission, constrained On duration, and minimum Off duration.

· CCA check and CCA observation time
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]For DL only LAA, the eNB performs CCA check before its DL transmission on the unlicensed SCell. 
· The CCA check shall be not less than 20 us at least using “energy detect”. Other technology-specific signal detection mechanisms (e.g. preamble detection of nearby Wi-Fi nodes) are not excluded. 
· Extended CCA check
· To comply with load-based LBT requirements, random backoff time (N*CCA observation time) with CCA check as indicated above is required either when the CCA check indicates a busy channel or after a transmission, where N is randomly selected from [1, q] with q in the range 4…32. 
· Unlicensed SCell On duration 
· To comply with frame-based LBT requirements in Europe, the On duration shall be no more than 10 ms. 
· To comply with load-based LBT requirements in Europe, the On duration shall be less than (13/32)*q ms where q is in the range 4…32.  
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Unlicensed SCell Off duration
· To comply with frame-based LBT requirements in Europe, the Off duration is at least 5% of preceding SCell On duration.
· To comply with load-based LBT requirements in Europe, the Off duration should be at least the extended CCA time.
Note that the above specific values could be different in Japan or other regions with LBT regulations. In order to reduce the specification effort and improve economy of scale, a single framework with sufficient flexibility to satisfy possible variations in the LBT requirements would be beneficial.  

3. Potential Enhancements for LAA

1) LAA SCell On/Off

As indicated above, the unlicensed Scell On and Off durations are required to comply with LBT requirements.
If LAA were to follow a frame-based approach,  Fig. 1 gives the basic procedure, wherein before the LAA On, a CCA check with duration at least 20 us is required. The On duration is limited between 1 ms and 10 ms, followed by an Off duration with at least 5% the length of the On duration. A new CCA check is needed before each On duration. This could be achieved using a semi-statically configured on/off cycle.



[bookmark: _Ref399169229]Fig. 1 LAA for frame-based equipment LBT
Fig.  2 gives the procedure for LAA if LAA were to follow the load-based approach. Before LAA On, if the channel is sensed free over a period of not less than 20 us, the transmission starts immediately, and the On time is no more than (13/32)*q ms. On the other hand, if the channel is sensed busy, a value is randomly selected and decremented every tim slot when the channel is sensed free.  When the counter reaches zero, the SCell can start to transmit. 



[bookmark: _Ref399078028][bookmark: _Ref399078019]Fig.  2 LAA for load-based equipment LBT

Note that Wi-Fi follows the load-based approach.
Regardless of whether LAA follows the frame-based or load-based approach, enhancements would be necessary in order to support such a short on/off cycle.

2) [bookmark: OLE_LINK1][bookmark: OLE_LINK3]HARQ enhancement

Compliance with the LBT requirements may have an impact on the HARQ performance of LAA. Specifically, the short On duration as well as mandatory Off duration plus (extended) CCA check leads to discontinuous and intermittent transmission. It can be especially severe in a co-channel deployment with other Wi-Fi and/or LAA systems, where the (extended) CCA check may fail with a relatively high probability. Fig. 3 provides a HARQ example on an unlicensed SCell, where the eNB has to suspend its transmission after 10ms Cell On Time to perform CCA. If the CCA check finds the channel is occupied, HARQ retransmission over the unlicensed channel could not be continued. The impact on HARQ is given as follows. 
· HARQ retransmission latency is increased if the channel is kept occupied by others. 
· There is a coupling with RLC reordering timer
· Even if these packets are transmitted eventually, the RLC layer may have already delivered the received PDUs to the higher layers or requested ARQ retransmission as the RLC reordering timer (for AM/UM mode) expires
· It may make the UE soft buffer management inefficient. 
· If the soft buffer is kept occupied for a long duration when the unlicensed channel cannot be used, buffer management is not efficient. 



[bookmark: _Ref399166949]Fig.  3  example for DL only LAA with compliance of Load-based LBT
For busy unlicensed channels, the HARQ interruption can happen frequently due to the prolonged channel sensing time, which could seriously impact HARQ performance. Some enhancements can be considered to address the HARQ impact. 
For example, a timer could be introduced when the transmission is temporarily suspended. If the timer expires before data transmission continues, the eNB gives up the HARQ retransmissions over the unlicensed SCell, and schedules these packets starting from RV0 on other available Cells. At the same time the UE can clear the soft buffer of those packets for soft combining. Another possible solution is to allow HARQ retransmissions to be switched to the PCell or other available SCells when the current channel is sensed busy for a certain time. 


3) Extended CCA enhancement

As explained earlier, CCA and extended CCA are required by the European regulations for load-based equipments. As background information, Fig. 4 illustrates why CCA by itself would not be sufficient. In this case two LAA nodes would transmit at the same time once the CCA check passes and result in collision. Extended CCA mechanism was introduced to resolve the collision to a large extent. The nodes would back off randomly after the channel is sensed free, so the collision probability is reduced. The same mechanism is also used by Wi-Fi, where the term “contention window” is used to represent the window size within which the nodes perform random backoff. For the European requirements on extended CCA, the length of contention window would be q*(CCA observation time).

	

	



Fig.  4 Channel collision example

Generally speaking, for a busy channel with many contending nodes, it is desirable to use a large contention window in order to reduce the collision probability, which ideally would improve the overall performance. Wi-Fi adopts exponential backoff to handle heavy loaded case, meaning that the length of contention window doubles every time a transmission fails. This effectively reduces the collision probability, but may reduce the channel utilization because of the long backoff. The European regulations simply adopt the approach of using a fixed contention window length, where this fixed length (the value of q) is set by the manufacturer. This would not be very efficient either because it cannot adapt properly to the channel congestion condition. If the channel is not congested at all, the resources may be wasted due to the backoff; if the channel is very congested, the contention window may not be large enough to handle the loading level properly.
A larger window size can be used to slowly access the channel and reduce the collision probability when the channel is busy. Otherwise, a smaller window size can be set to allow faster channel access to improve the resource utilization. 

4. Conclusions
In this contribution, we have discussed the LBT regulations and potential enhancements needed for LAA. In general, the CCA check, constrained On duration and minimum Off durations are required for LAA to comply with LBT requirements. Potential enhancements to HARQ operation and contention window design have also been discussed. 
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