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1. Introduction
In RAN1#79, physical layer options for LBT were discussed and following functionalities on LBT were identified:

Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization
During RAN1 LAA ad-hoc, following was agreed to increase resource utilization of LAA
Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
In this contribution, we provide further discussions on LBT for LAA DL to ensure fair coexistence with Wi-Fi and LAA.
2. LBT for LAA DL
According to European regulatory requirements, two types of channel access mechanisms (i.e. FBE and LBE) for LAA have been discussed. In the following subsections, we discuss further details on channel access mechanisms based on FBE and LBE, respectively.
2.1 LAA based on Frame Based Equipment (FBE)
2.1.1 Maximum channel occupancy time and fixed frame period
As shown in Figure 1, frame based equipment (FBE) operates in periodic manner on the basis of a fixed frame period which consists of channel occupancy time and idle time. The channel occupancy time can be defined between 1ms and 10ms and the idle time is at least 5% of the channel occupancy time. At the end of idle time, CCA is performed by observing the channel during at least 20µs. Figure 1 illustrates such frame structure for FBE.
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Figure 1: Frame structure of FBE
For example, in case of channel occupancy time between 3ms and 4ms, the idle time has to be at least between 0.15ms and 0.2ms, both of which correspond to 3 OFDM symbols in the LTE framework. Therefore, for the fixed frame period of 4ms which is in accordance with Japanese regulation, idle time of 3 OFDM symbols and channel occupancy time of 11 OFDM symbols plus 3 subframes could compose the fixed frame period of 4ms.
On the other hand, the design of 10ms would target LAA operation based on frame-level ON/OFF. Since the current LTE has fixed 10ms frame structure, such 10ms design would be a straightforward way to realize LAA. However, the long fixed frame structure might result in a low opportunity to acquire the channel due to the longer time interval between CCA instances.
Considering that 4ms fixed frame period is required for Japanese regulation, but 10ms fixed frame period can provide better performance for both LAA and its Wi-Fi neighbour [2], it seems reasonable to consider a configurable maximum channel occupancy period or a configurable fixed frame period if FBE is adopted for DL.
Observation 1: 
· If FBE is adopted for DL, a configurable maximum channel occupancy period or a configurable fixed frame period should be considered. 
2.1.2 Multi-operator/asynchronous cells co-existence
Another observation is that in a synchronized LAA network, the CCA slot would be free from LAA interference. Simultaneous transmissions from the synchronized cells (reuse of one) can be naturally achieved if energy from WiFi is not detected (i.e. without violating LBT requirement). In the case of asynchronous LAA network (e.g. multi-operator deployment), biased channel access favouring one cell can occur if the CCA slot of one cell always coincides in the transmission period of another nearby cell, as shown in Figure 2.
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Figure 2: Biased channel access favouring Cell 1 (Operator 1)
There can be several ways to resolve this issue for multi-operator scenario, including:
1. Inter-operator channel avoidance, i.e. eNodeB of operator 2 avoids selecting the same channel as operator 1.
2. Modified FBE channel access mechanism to randomize channel access among operators or asynchronous cells.
3. Inter-operator coordination over X2. 
Figure 3 shows one example of modified FBE for resolving the biased channel access in FBE-based LAA. This method operates as follows. LAA eNB chooses a random number M before accessing the unlicensed channel. Then, the maximum number of the fixed frame periods that eNB can grab before entering “muting” periods is set to M. If eNB grabs the channel for M fixed frame periods, it chooses a random number N and will not access the channel for N fixed frame periods. During such muting periods, neighbour eNBs that have failed to grab the channel due to the biased CCA timing (e.g., cell 2 in Figure 2) can get channel access opportunities so that fairness among multiple eNBs can be improved in FBE-based LAA.
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Figure 3: One example of modified FBE for resolving the biased channel access
Further study is required on the above and other methods to resolve the issue for multi-operator scenario if FBE is adopted for LAA DL.
Observation 2: 

· If FBE is adopted for DL, further study is required to resolve biased channel access issue for multi-operator (asynchronous cells) scenario, e.g. inter-operator channel avoidance, modified FBE channel access mechanism and inter-operator coordination over X2.
2.2 LAA based on Load Based Equipment (LBE)
2.2.1 Maximum channel occupancy time and ECCA duration
An equipment following LBE requirement should perform extended CCA (ECCA) between two consecutive channel occupancy times of which the maximum period is given by (13/32)q ms, where q is a predetermined value in {4, …, 32}. The required ECCA duration is determined by N multiplied by CCA slot (e.g. 20 µs), where N is randomly selected in the range 1 to q. Therefore, LAA would need to be designed taking into account such characteristics that the ECCA period can change at every ECCA timing in a range of any number of OFDM symbols. Figure 4 illustrates such frame structure for LBE where M is the number of CCA slots detected to be occupied during the ECCA operation.
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Figure 4: Frame structure of LBE
For example, when q is predetermined between 11 and 13 in an LAA based on LBE, the maximum channel occupancy time has to be between 4ms and 5ms, which meaning the equipment can transmit continuously up to 4 subframes if the channel is decided clean in the last ECCA procedure before the transmission. After such continuous transmission, the LBE has to perform the ECCA for which the maximum value of N is randomly selected while the value M is determined totally depending on the transmission of other LAAs or RATs including WiFi. In other words, since N is random and M can theoretically be any value between zero to infinity, when following LBE operation, LAA would need to be designed taking into account such characteristics that the ECCA period can change at every ECCA timing in a range of any number of OFDM symbols.

Given the fact that LBE can operate channel sensing on continuous CCA slots, it could be more adaptive to change of load of a channel than FBE where channel sensing is performed in a fixed duration (e.g. 20 µs) in a periodic manner. In addition, since WiFi APs apply the channel access mechanism following LBE, LBE could provide a better channel access for LAA than FBE when co-existing with WiFi. Indeed, our initial simulation results [2] suggests that LBE-based LAA performs better than FBE-based LAA in terms of UPT and latency, while not causing any negative impact to Wi-Fi.

Observation 3: 

· LBE could be more adaptive to change of load of a channel than FBE since LBE can operate channel sensing on continuous CCA slots
· WiFi APs apply the channel access mechanism following LBE, LBE could provide a better channel access for LAA than FBE when co-existing with WiFi

2.2.2 CCA duration for LAA

According to ETSI regulatory requirements, the minimum CCA slot for both FBE and LBE-based LAA could be set for 20µs. However, since the Wi-Fi for 802.11 DCF should require sensing the channel at least for DIFS and backoff period before data transmission, LAA might have opportunity to access the channel than Wi-Fi. In addition, LAA transmission after CCA check for 20µs would be vulnerable to collision with Wi-Fi especially for ACK transmission which could be transmitted after SIFS duration. Therefore, CCA duration for LAA should be carefully decided to ensure fair coexistence with Wi-Fi. One simple way to resolve this issue is to define overall CCA duration for LAA to be comparable to that for Wi-Fi. For example, duration for CCA check could be defined comparable to Wi-Fi DIFS. Another way is that the equipment shall perform ECCA check as defined in ETSI 301 893 although CCA check is passed, which makes overall CCA duration for LAA to be comparable to Wi-Fi (e.g. minimum sensing duration for LAA is 40μs if (E)CCA slot is set to 20μs). Further study would be required on the above and other methods to define CCA duration for LAA for fair coexistence with Wi-Fi.

Observation 4: 

· Further study is required to define CCA duration for LAA to ensure fair coexistence with Wi-Fi
2.2.3 Utilization of partial subframe
Given the fact that LBE can operate channel sensing on continuous CCA slots, the transmitter may occupy the channel in the middle of a subframe. Therefore, it was agreed that a signal can be transmitted by eNB to reserve the channel until the next subframe boundary. Since the duration of transmitting the signal should be included in the channel occupancy time, overhead for channel reservation cannot be neglected, especially for Japan the maximum channel occupancy time is 4ms. Therefore, overhead to reserve the channel until the next subframe boundary should be minimized. In RAN1 ad-hoc meeting, it was agreed that LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT. Therefore, depending on utilization of partial subframe, efficiency for LAA could be increased. The details on utilization of partial subframe could be found in our companion contribution [4].

However, since the receiver cannot estimate availability of the channel, PDSCH transmission in partial subframe would increase receiver complexity and power consumption to detect the start/end position of PDSCH in the partial subframe. Therefore, receiver complexity and power consumption required to receive PDSCH in partial subframe should be taken into account. 
Observation 5:

· Receiver complexity and power consumption required to receive PDSCH in partial subframe should be taken into account
2.2.4 Different LBT configuration for different channels/signals
As discussed in detail in [3], one major difference from the scenarios considered when designing DRS in Rel-12 is that the LBT operation on the unlicensed spectrum makes strictly periodic transmission of the DRS not always possible. However, it is still important to support efficient RRM procedures that can meet RRM measurement performance requirements. Due to the properties of the DRS design, namely the short duration and support for multiplexing of the transmissions serving and neighbouring cells within the measurement window, the LBT design for DRS transmissions is one example where a different LBT design/configuration may be considered relative to the design used by the data transmissions. 

In addition, since DRS transmission is subject to RRM performance requirements, exponential backoff mechanisms may not be suitable since it can lead to large variability in the transmission timing depending on the system load. Instead, fixed contention window, or linearly scaling the backoff and enforcing a maximum value on the backoff counter could be utilized to restrict potential DRS transmission within the measurement window. When data and DRS need to be transmitted, the eNB can multiplex them in a single ON duration.

Observation 6:
· To support efficient RRM for LAA, different LBT design/configuration for DRS transmissions relative to the design used by the data transmissions should be further studied.
3. Conclusions

A summary of our observations on the LAA channel access mechanism issues are as follows:

Observation 1: 

· If FBE is adopted for DL, a configurable maximum channel occupancy period or a configurable fixed frame period should be considered. 
Observation 2: 

· If FBE is adopted for DL, further study is required to resolve biased channel access issue for multi-operator (asynchronous cells) scenario, e.g. inter-operator channel avoidance, modified FBE channel access mechanism and inter-operator coordination over X2.
Observation 3: 

· LBE could be more adaptive to change of load of a channel than FBE since LBE can operate channel sensing on continuous CCA slots.
· WiFi APs apply the channel access mechanism following LBE, LBE could provide a better channel access for LAA than FBE when co-existing with WiFi.
Observation 4: 

· Further study is required to define CCA duration for LAA to ensure fair coexistence with Wi-Fi

Observation 5:

· Receiver complexity and power consumption required to receive PDSCH in partial subframe should be taken into account
Observation 6:

· To support efficient RRM for LAA, different LBT design/configuration for DRS transmissions relative to the design used by the data transmissions should be further studied.
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