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Introduction
In this contribution we provide our views and recommendations on the principles of LAA DL transmission.

Discussion
In our view, the LTE LAA DL should operate according to requirements imposed onto Load-Based-Equipment [8]. Listen-Before-Talk (LBT) / Clear-Channel Assessment (CCA) and Discontinuous Transmission (DTX) are the two primary coexistence mechanisms for Wi-Fi and LAA.
In addition, a DL Transmit Power Control mechanism to support TPC requirements and a Channel Agility mechanism to support DFS requirements are needed for LTE LAA operation. Channel Agility will also allow for slow Carrier Selection by the eNB during LAA operation.
For the example of LAA DL-only mode of operation in Figure 1, the eNB performs LBT/CCA over the SCell transmission bandwidth followed by an extended CCA period prior to DL scheduling [4]. Only the eNB performs a L1 channel energy measurement for the purpose of initial CCA and extended CCA during the random backoff period.
Once the channel is acquired, the LAA eNB can then schedule LAA DL transmissions on the SCell for a duration of several subframes. A maximum transmission duration limit is set however, i.e. the eNB must stop transmitting in the DL and free the channel for other devices thereafter.
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Figure 1: LTE LAA DL-only operation with LBT/CCA and DTX

Our evaluation results [2][3] show that the eNB side implementation for DL-only and UL+DL LAA performs well for low and medium loads when Category 3 channel access schemes (LBT with random backoff with fixed size of the contention window) are used.
For the case of high load such as a single 5 GHz frequency channel with many transmitters, Category 3 channel access schemes and DTX with a fixed maximum transmission durations alone are not sufficient to prevent starving of the Wi-Fi APs by LAA. It is necessary to implement functionality in LTE LAA eNBs which allows to adjust actual LAA channel usage ratios and claimed air time to the observed channel loads including the Wi-Fi neighbor BSSs on a channel.
This can be done by adjusting the lengths of individual LAA TXOPs and by adjusting the number of channel access attempts by the LAA eNB. The mandated use of a Category 4 channel access scheme with random backoff using a variable size of the contention window should be considered an alternative technical realization of that same principle, i.e. for an increasing channel load the LAA eNB will attempt fewer and fewer channel accesses over the observation period.
In our view, implementation freedom should be left to the eNB to adjust its channel access behavior and ensure fair coexistence with Wi-Fi neighbor BSSs as function of load and the particularities of a given deployment. The LAA eNB can make use of its own measurements and also make use of those reported back from LAA capable UEs.
It is clear that relying on eNB side adjustments of multiple access behavior rather than an immutable and hard-coded Category 4 type of channel access scheme is a more future-proof solution. LTE LAA like other wireless systems is deployed in different configurations which are subject to deployment constraints and vendor-specific optimizations greatly affecting spectral efficiency, i.e. different number of antennas, different combinations of supported transmission modes and different types of scheduling strategies. Similarly, it can be expected that LTE and Wi-Fi capabilities will evolve, implying that adjustability and fine-tuning of the multiple access scheme is best handled by the eNB subject to the radio environment observed in a particular deployment and as a function of observed load.
Wi-Fi devices use a combination of CCA and a virtual carrier sensing mechanism for EDCA. CCA is done through a combination of L1 energy detection and preamble based signal detection. Virtual carrier sensing relies on the ability by a Wi-Fi STA to compute the duration of a frame exchange through reading the packet size and transmission rate fields in the L/HT/VHT-SIG headers of frames addressed to other STA’s or from RTS/CTS frame exchanges. Wi-Fi STAs will then defer any attempt for channel access until the end of the advertised duration of the ensuing frame exchange.
It is clear that signal detection based CCA implies the need for implementation of the 802.11a and 802.11n/ac OFDM channelization and resource mappings. Virtual carrier sense will in addition require the implementation of a significant portion of the Wi-Fi BB processing chain in order to decode PLCP and MAC packet headers.
It should not be assumed and it should not be a prerequisite for R13 LTE LAA operation that an LAA eNB implements Wi-Fi reception / transmission capability.
It should be considered that LAA SCell transmission durations affect both LTE and Wi-Fi. The detrimental impact onto LTE throughput when using very short LTE transmission durations in the order of only 2-3 subframes in presence of Wi-Fi disappears for average LTE transmission periods larger than around 5 ms. On the other hand, the LAA SCell should operate on a timescale that still allows Wi-Fi transmitters to benefit fully from their allocated TXOP allocations with WMM or when using the frame aggregation features provided by 802.11n/ac.
For legacy 802.11a using only DCF, the maximum packet length as a function of the transmission rate could be up to 2.7ms. This value can become larger if WMM is implemented, i.e. when 802.11e TXOP’s are in use. For example, 802.11n frame aggregation features will extend maximum transmission durations up to around 5.3 ms.
We think that the configuration of the maximum allowed LAA SCell transmit duration can be handled by eNB implementation subject to regulatory compliance and coexistence trade-offs. It is beneficial to use configurable maximum allowed consecutive LAA SCell transmit durations set by the eNB and made known to LAA capable UEs through RRC signaling in order to schedule measurements the transmit-off periods.
In summary, the maximum LAA DL transmission periods will typically be limited to around 4-5 subframes using conservative configurations. Maximum transmit durations can be expected not to exceed 9-10 subframes and that only where regulatory requirements permit and only when RRM functionality in the LAA LTE eNB determines that fairness in terms of channel access considering deployed wireless systems in vicinity can be achieved.

Conclusion
In this contribution we provide our views and recommendations on the principles for LAA DL transmission.
In summary, we propose:
Proposal 1:
LAA DL transmissions use a Category 3 channel access scheme (LBT with random backoff and a nominally fixed size contention window).
Proposal 2:
eNB implementation-specific solutions, i.e. freeze periods during LBT/CCA to vary the number of access attempts as a function of observed radio and traffic characteristics may be used with the Category 3 channel access scheme.
Proposal 3:
[bookmark: _GoBack]The duration and maximum size of LAA DL TXOPs are configurable by the eNB subject to regulatory limits.
Proposal 4:
It is not mandated that an LAA capable eNB or UE implements Wi-Fi reception capability.
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