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1 Introduction
In RAN1#78bis, the regulatory requirements and required functionalities were discussed, and agreements on the design targets and the required functionalities were made as follows [1].  
· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· TPC
*Note: not all functionalities may have a spec impact.

*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In order to support the above functionalities, especially the listen-before-talk and maximum transmission duration constraint, the frame structure for LAA has to be carefully designed first. In this contribution, we present our views on the potential channel access for LAA DL and UL case respectively. A suitable frame structure design for the DL-only case is provided, that is compliant with the LBT regulations. 
2 Discussion
Listen-Before-Talk requirements are defined in ETSI for two kinds of equipments: Frame Based Equipment (FBE) and Load Based Equipment (LBE) [2]. These two sets of requirements have different characteristics. Typically, the frame based equipment has a fixed frame period and the Clear Channel Assessment (CCA) is carried out at fixed time instant. For load based equipment, the CCA could happen at any time, and extended CCA (ECCA) is introduced after CCA when the channel is sensed busy, similar to the WLAN random backoff procedure. The detailed descriptions and comparison have been summarized in [3]. 
The LAA design targets a single global framework. Therefore, the LAA frame structure should have the flexibility to comply with the LBT requirements in all regions, including those with LBT requirements. 
It has to be determined whether FBE or LBE based approach is selected for DL and UL respectively, based on which the LAA frame structure can be designed. 
2.1 FBE or LBE?
Comparing FBE vs. LBE, FBE has the following drawbacks in general (common to both DL and UL):

· With FBE-based approach, the device performs CCA check at fixed time instants. If the channel is sensed busy, each device will have to wait till the next fixed period for a channel sensing opportunity. This may reduce the opportunity for the device to occupy the channel and increase the channel access delay. 
· As Wi-Fi nodes follow a LBE-like procedure e.g. performing random backoff in case of busy channel, if LTE devices use a FBE-based approach to contend the channel with Wi-Fi nodes, the LTE devices may be disadvantaged. 
· FBE could result in some undesirable behaviour in the coexistence of two LAA nodes/networks.
· As illustrated in [4], in cases when two neighbouring LAA nodes (from the same or different operators) are asynchronous, when one LAA node grabs the channel first, it may happen that another nearby LAA node would not be able to get the channel for a long time until the first LAA node relinquishes the channel for at least one fixed period.
· On the other hand, if two neighbouring nodes are synchronous, they would sense the channel at the same time, and simultaneous channel occupancy might happen when the channel is sensed free. This could result in strong interference between the two nodes if they use the same resources.
On the other hand, the LBE-based approach allows the device to perform CCA or ECCA at any time. If the channel is available for a CCA observation time, the transmission starts immediately for up to the maximum channel occupancy time. If not, the device performs an ECCA similar to the Wi-Fi random backoff procedure. It will pick a random factor and count down whenever the channel is available for a CCA observation time. When the counter reaches zero, the device initiates its transmission immediately. Given the similarity between this approach and the channel access mechanism for Wi-Fi, this could better guarantee fairness whenever Wi-Fi nodes and LAA devices contend for the channel. It also allows fair channel access between different LAA networks.
In the following subsection, we discuss the characteristics that are specific for DL or UL, and provide analysis for both approaches.

2.1.1 DL
The drawbacks of the FBE-based approach and the advantages of the LBE-based approach described above are generally applicable to the DL. Moreover, there is no obvious technical barrier to design LAA DL based on LBE (some possible solutions are provided in Section 2.2). Therefore, we propose: 
Proposal 1: LAA DL follows the LBE based approach.
2.1.2 UL 
For the UL, each UE, as the transmitter, is required to perform LBT in order to meet the regulatory requirements. Assuming that we follow the existing centralized eNB scheduling, if a UE is scheduled UL data transmission, the UE must carry out the listen-before-talk procedure before UL transmission. 
Fundamentally, centralized eNB scheduling for UL has some conflict with the distributed LBT at the UEs as required by the regulations. When the eNB makes a UL scheduling decision for a UE, the eNB does not know at the time whether the channel will be available, i.e. whether the CCA check at the UE will pass before the UL transmission. On the other hand, deviating from the centralized eNB scheduling for UL would be a fundamental change for the LTE system design and would have significant impact. Therefore, it is preferable that the UL solution is developed based on centralized eNB scheduling.
As described earlier, LBE in general has advantages over FBE in terms of the fairness in accessing the channel. However, it poses obvious difficulty in LTE UL design when the centralized UL scheduling is done at the eNB.
· If it is allowed that each UE transmits UL data as soon as the CCA or ECCA succeeds, it can be difficult for the eNB as it is not aware of the exact time when the UL data begins. Moreover, each UE may have different sensing results and different UL data transmission starting positions.   
· All the UEs scheduled in the same UL subframe would contend for the channel and start CCA simultaneously, and could have different sensing results. Hence it may frequently happen that one UE is undergoing the channel sensing while other UEs are transmitting data. The impact of intra-cell signals on the channel sensing would need to be addressed; otherwise, one UE starting the data transmission may cause (E)CCA check failure for all the other UEs, thus preventing them from transmitting data. 
On the other hand, the FBE-based approach may allow a simpler UL design:
· With FBE, all scheduled UEs of the same cell would perform CCA check at the same fixed time instant simultaneously over every fixed period. This could avoid the issue where one UE is sensing the channel while another UE of the same cell is transmitting uplink data.
· With the fixed frame period, the starting point of the UL data transmission (if CCA check succeeds) is deterministic and hence known to the eNB.
From the above analysis, it is clear that FBE-based and LBE-based channel access approaches for UL both have their own pros and cons. It needs to be evaluated further which one is more appropriate for UE channel access, taking into account the technical challenges each approach presents. 
Observation 1: FBE-based and LBE-based approaches have their own pros and cons for LAA UL. Further evaluation is needed to determine which one the UL should follow. 
2.2 LAA Frame structure for DL
In this section, we present some possible solutions/enhancements for LAA DL based on LBE.
One of the advantages of LBE over FBE is that with LBE, the equipment can start CCA at any time as long as it has data to transmit. To fully take advantage of this, the LAA eNB should be allowed to start CCA at any time, without any restriction such as starting CCA at the subframe boundary or at the OFDM symbol boundary.

Before DL data transmission, the eNB needs to perform CCA, and ECCA if CCA fails. Due to the random nature of the interference on the unlicensed carrier and a CCA observation time of at least 20 us, the CCA or ECCA could succeed at any time instant, e.g., in the middle of an OFDM symbol not aligned with the symbol boundary. It is important for the eNB to grab the channel immediately, otherwise there is a risk that other Wi-Fi or LAA nodes find the channel free and start their own transmission. This would prevent the eNB from transmission or result in interference if these nodes transmit at the same time. 
In order to deal with it, the eNB can transmit a short preamble signal to occupy the fractional OFDM symbol and align the OFDM symbol boundary first. It is possible to continue the preamble transmission until the subframe boundary and then start the data transmission, as proposed in [4]. However, because the preamble transmission does not carry any data, this would result in lower spectral efficiency, and cause more interference to other systems due to the extended transmission time. Hence, it would be beneficial to minimize the preamble length and allow a partial subframe (e.g. a few OFDM symbols) to be used for data transmission. The length of the preamble can be decided based on whether the preamble needs to serve any purpose other than occupying the channel, e.g. assisting in synchronization and AGC tuning, or implicit detection of the starting symbol of data transmission. The UE would need to know when the data transmission has started in the subframe in order to perform proper decoding. This could be indicated in a DCI in the next subframe, or implicitly detected through preamble detection.
The eNB is considered to start occupying the channel when it starts the preamble transmission. In some regions, there is a regulatory requirement that a device can occupy the channel continuously only up to the maximum channel occupancy time. The most stringent requirement is expected to be 4 ms in Japan, while in Europe it is up to 10 or 13 ms. Since the preamble transmission can start at any time, possibly in the middle of a subframe, if the data transmission always needs to stop at the subframe boundary, the eNB may not be able to fully utilize the maximum channel occupancy time for each continuous transmission. It would need to contend for the channel again for a new transmission. This would put the LAA eNB in a disadvantageous position compared to e.g. Wi-Fi nodes that can fully utilize the maximum channel occupancy time. The effect would be more significant when the maximum channel occupancy time is short (e.g. in Japan). Hence it is beneficial to allow the data transmission to stop in the middle of a subframe. This concept is not new because DwPTS in TDD already allows a DL transmission using a partial subframe. LAA can maximally reuse the existing specifications in order to minimize the impact. The ending symbol could be indicated in the DCI.
Fig.  1 gives an example, where the SCell and PCell are synchronous, according to the CA framework. The eNB performs (E)CCA and finds the channel available at symbol #8 of subframe #2. It transmits a preamble till the symbol #8 boundary to grab the channel and align the symbol boundary. In this example, the eNB also transmits the preamble in symbol#9, e.g. to facilitate the UE synchronization and AGC tuning. 
After that, the eNB transmits data in subsequent symbols of subframe #2. The corresponding resource allocation and MCS information could be indicated by an independent DCI in subframe #3, or by the same DCI for the data transmission occurring in subframe #3. 
In this example, the maximum channel occupancy time is assumed to be 4ms. Hence, the eNB continues to transmit data up to symbol #7 in subframe #6 to fulfil the 4ms transmission burst.
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Fig.  1 Frame Structure for DL only 
Based on the analysis above, we propose the following: 
Proposal 2: The LAA DL should support the following features:
· The eNB is allowed to start CCA at any time.

· A preamble signal is transmitted immediately after (E)CCA succeeds in order to occupy the channel and align the symbol boundary. The length of the preamble can be further discussed.
· DL data transmission is allowed to start in the middle of a subframe using a number of OFDM symbols after the preamble transmission. 
· DL data transmission is allowed to terminate in the middle of a subframe in order to fully utilize the maximum channel occupancy time allowed by the regulatory requirements. 
3 Conclusion

In this contribution we have discussed potential channel access for both DL and UL. Based on that, the DL frame structure is discussed. For the DL, we have proposed:
Proposal 1: LAA DL follows the LBE based approach to ensure channel access fairness.
Proposal 2: The LAA DL should support the following features:

· The eNB is allowed to start CCA at any time.

· A preamble signal is transmitted immediately after (E)CCA succeeds in order to occupy the channel and align the symbol boundary. The length of the preamble can be further discussed.

· DL data transmission is allowed to start in the middle of a subframe using a number of OFDM symbols after the preamble transmission. 

· DL data transmission is allowed to terminate in the middle of a subframe in order to fully utilize the maximum channel occupancy time allowed by the regulatory requirements. 

For the UL, we have the following observation:

Observation 1: FBE-based and LBE-based approaches have their own pros and cons for LAA UL. Further evaluation is needed to determine which one the UL should follow. 
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