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1. Introduction
During the LAA adhoc meeting in Paris, extensive discussions took place regarding the frame structures for LAA, as well as regarding the LBT mechanisms, i.e. whether LBT should be based on LBE or FBE channel access rules, or some kind of hybrid between them. Also several way forward documents were presented regarding adaptive UL-DL frame structures or transmission structures, see e.g. [1]. Related agreements were made on frequency reuse as follows:
Agreements:

· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design

· Above should be taken into account for design of LBT
Agreements:

· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO

In this contribution we discuss the channel access rules and the related transmission structures for LAA further.

2. Channel access rules for LAA
The ETSI requirements specify two types of LBT, frame-based equipment (FBE) or load-based equipment (LBE) LBT. The pros and cons of both of these have already been evaluated and discussed in numerous contributions submitted to the past RAN1 meetings, in particular for DL-only operation. In short, while FBE-based LBT could fit more naturally with the existing LTE frame structure, it may have some severe drawbacks in terms of channel access latency and fairness. In particular, in case of FBE other RATs, LAA devices belonging to different operators’ networks or even LAA devices within the same operators’ network under asynchronous PCells might block the access to the channel. Even though in the ongoing LAA evaluations the impact of this may not always have been observed to degrade the performance of LAA significantly, intuitively there are scenarios where fairness between LAA and other systems or other LAA operators can not be guaranteed. On the other hand, one advantage of FBE related to the agreements cited in the introduction is that it would naturally also enable operation with frequency reuse 1, since due to synchronous CCA checks the transmissions from different cells would (intentionally) collide. Similarly, different UEs could be multiplexed in the same subframe as their CCA checks would be synchronous.
LBE on the other hand enables fair channel access and at the same time minimizes latency as the required CCA checks can be started at any point in time, e.g. whenever traffic arrives into the buffers. While the transmissions in case of LBE would naturally be started at any point in time, and thus frequency reuse 1 operation would not be achieved, it is also possible to arrange the transmission start positions such that transmissions from different cells occur simultaneously at least to some extent. For instance, after the successful (E)CCA check, it would be possible to defer the start of transmission until e.g. the next subframe boundary (or 1-2 symbols before the subframe boundary to leave room for an initial signal or a preamble) provided that the channel stays idle during the defer period. This, of course, would give other devices operating on the channel a possibility of “grabbing” the channel, which could reduce the benefits of LBE over FBE to some extent, but on the other hand also increase the possibility that multiple LAA devices would start transmitting simultaneously. Thus, it could be one possibility to enable frequency reuse 1 operation at least in scenarios where other RATs or LAA operators are not competing for the channel. Anyway, if such functionality would be introduced, it should be configurable as especially in high load cases it could be rather detrimental to the LAA performance due to reduced probability of gaining access to the channel. This approach would be similar (though not exactly the same) as the “freeze” periods introduced in [2]. Another possibility would be to try to synchronize the (E)CCA checks as much as possible.

Observations:

· Compared to FBE, LBE provides improved channel access latency and fairness.
· Improves the possibilities of LAA devices of gaining access to the channel.

· It is possible to utilize modified LBE channel access rules for LAA such that frequency reuse 1 operation is enabled, at least in some cases.
· E.g. by deferring the transmission start until a synchronized time instant, e.g. a subframe boundary. 

Thus, based on the above discussion, for downlink our proposal is that the LAA listen-before-talk operation should be based on the LBE channel access rules. 

Proposal:

· LAA downlink is based on LBE channel access rules.

· Study further modifications to LBE-based operation in order to support frequency reuse 1 operation.
For uplink, many companies have suggested to rather use FBE due to its better fit with the existing LTE frame structure and with the fully network-controlled UL transmission scheduling. In particular, the synchronous CCA checks of FBE would enable FDM and MU-MIMO between UEs in uplink. However, it seems this approach has the same drawbacks as in the downlink case. Therefore, a thorough evaluation of LBE also for LAA uplink should be done. In the next section we compare FBE-based and LBE-based LAA operation when the LAA SCell is used for both uplink and downlink. It is observed that there is a clear linkage between the channel access mechanism and the flexibility of the UL/DL configuration.
It is noted that even though the SID sets a slightly higher priority to completing the DL-only scenario, the frame structure design should take UL into account from the start. Otherwise there might be a risk of ending up with a different solution for the UL/DL case, and in the worst case the UEs capable of DL-only might not be able to access the DL/UL LAA SCell.
Support of downlink and uplink

Support of LAA uplink together with LBE-based LAA downlink can be based either on FBE or LBE. Before drawing conclusions on this, it is informative to look in more detail how the LAA system would operate in each case.

In case of FBE, the CCA checks need to occur in periodic locations with a fixed frame period. In case of LAA, the fixed frame period could be naturally 5 ms or 10 ms, in which case the existing frame structure type 2 could be used for the purpose. The CCA checks for uplink could be performed during the guard period in the special subframes. Figure 1 and Figure 2 illustrate this in case of UL/DL configurations 1 and 3, respectively. Additionally, similarly to eIMTA, some UL subframes could be used for downlink in order to provide more flexibility in the UL/DL split.
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Figure 1. An illustration of FBE-based UL using frame structure type 2 with UL/DL configuration 1. CCA for UL is performed during the guard period. For DL, (E)CCA can be performed at any time assuming LBE is used, however the DL transmissions are restricted to the fixed DL subframe locations.
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Figure 2. An illustration of FBE-based UL using frame structure type 2 with UL/DL configuration 3.
The FBE-based approach would enable UL FDM due to synchronous CCA checks, even though FDM will be limited to some extent by the transmission bandwidth –related regulations. The approach would also enable reuse of the existing frame structure type 2 to a large extent. However, the approach has some severe drawbacks as well. First, the same problem regarding channel access arises as in the downlink case: other RATs or asynchronous LAA devices may block the channel access due to the fixed CCA time instants. Furthermore in case of self-scheduling, the problem is even worse than in DL as the channel access needs to succeed also at the eNB side for UL grant transmission. These aspects combined it can be expected that the overall probability of being able to transmit in uplink will be rather low. Second, the fixed uplink transmission locations may imply performance degradation to the LBE-based downlink as the downlink transmissions need to be stopped at fixed locations, and therefore the full maximum channel occupancy time may not be used even if it would be needed. Thus the downlink transmission opportunities may not be utilized efficiently. This would be a problem especially with UL-heavier UL/DL configurations. Because of this latter issue it seems widely acknowledged that existing frame structure 2 may actually be insufficient considering especially the 4 ms maximum channel occupancy time in Japan [3]. Thus if FBE-based channel access is to be adopted, at least newly defined UL-DL configurations, possibly dependent on the maximum channel occupancy time, should be defined.
Observations:

· FBE-based LBT for LAA uplink:

· In principle, allows direct reuse of frame structure type 2 – but for improved efficiency at least new UL-DL configurations would be required.

· The UL-DL configuration still needs to follow a fixed frame period due to FBE.
· May allow, at least in principle, FDM UL due to (almost) simultaneous CCA at different UEs.
· May significantly limit the possibilities of the UE to gain access to the UL channel.
· Does not allow efficient utilization of the transmission opportunities.

· In particular, combined with LBE-based downlink, the downlink transmission opportunities can not be used efficiently due to the fixed frame structure.
In case of LBE, the existing FS2 is not similarly suitable as in case of FBE due to fixed UL/DL subframe split. However, the fixed UL/DL locations in licensed band LTE and the existing FS2 are to a large extent because of adjacent channel and co-channel coexistence issues. However, coexistence is now handled via the LBT procedure. Thus in case of LBE, rather than relying on a fixed UL/DL split, it would be better to allow flexibility such that uplink and downlink subframes are not following any specific UL/DL frame structure. Rather, the transmission direction could be determined based on traffic load, and signaled to the UE. This would also maximize the efficiency of utilizing the transmission opportunities as the maximum channel occupancy time can always be used if needed.

One simple method to enable the above is that the UE monitors for DL grants in a subframe unless it is scheduled for an uplink transmission in that subframe. In other words, the uplink subframes are occurring based on scheduling decisions and known by the UE based on UL grants. The CCA checks can be timed between the UL grant and the PUSCH transmission such that the UE skips the UL transmission in a scheduled subframe if the CCA check is not passed in time. This way also FDM can be supported to some extent as all UEs would try to start their transmissions at the subframe boundary. Special subframes, or at least the DwPTS field, could still be utilized to switch from DL to UL, and to maximize the utilization of the transmission opportunity by allowing partial DL subframes to be used.

Figure 3 illustrates LAA SCell operation where both DL and UL are based on LBE (CCA checks are not shown), and special subframes are used for switching from DL to UL. However the positions of uplink, downlink and special subframes are allowed to be more flexible. Thus DL and UL follow traffic and scheduling rather than a fixed frame structure. Basically, the locations of UL subframes are known to the UE based on UL scheduling (UL grants), and similarly, the locations of DL subframes are known based on DL scheduling. Also, the UE can detect the start of DL data transmission from the channel reservation signals assuming they have a minimum length.
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Figure 3. Illustration of LBE-based LAA uplink using an FS2-like frame structure where the locations of UL/DL switching points and special subframes are based on scheduling rather than on a fixed UL/DL configuration.
The (E)CCA check for uplink is done at the UE side before the start of the PUSCH transmission. Obviously, upon giving an UL grant to the UE the eNB would not know whether or when the (E)CCA check is passed, however this anyway needs to be detected by the eNB. The eNB can, for example, schedule UL grants for multiple contiguous UL subframes (multi-subframe scheduling), and the UE might get a possibility to transmit at least in some of them. This is in contrast to FBE-based UL in which, if the CCA check fails, the UE may get another possibility only after the next fixed frame period.

In [4], a similar concept was discussed, however it was proposed that while the UL-DL configuration would still be adaptive, the UE would get signaled the used UL-DL configuration. Since the UE can become aware of the UL and DL subframes simply based on scheduling, such additional signaling would not seem to be absolutely necessary. However, on the other hand it is true that knowing in advance which subframes are uplink, the UE could potentially save power as monitoring downlink is not needed in those subframes. For downlink, such signaling could provide the UE with more information about which signals are transmitted, e.g. the UE would know about CRS presence without being scheduled. However whether such knowledge is needed depends on the overall LAA design and thus it would be too early to judge whether there is any benefit from signaling the UL-DL configuration in terms of downlink operation. Nevertheless, such signaling enhancements on top of scheduling-based operation could be further studied.

It has been mentioned that such a flexible approach would lead to the UE and the eNB to compete for the channel. This is true, however it is unavoidable anyway even with FBE considering asynchronous networks, including asynchronous PCells within a single operators network. Furthermore, it is not clear whether such competition would even have any major performance impacts.

We can summarize the above discussion with the following observations:
Observations:

· LBE-based UL-DL operation enables flexible UL-DL configurations.
· This improves the efficiency over FBE as the transmission direction is not tied to any fixed frame structure.
· The transmission opportunities can be utilized to full extent – this is important especially with a 4 ms maximum channel occupancy time.

· Flexible UL-DL transmissions can be achieved simply by scheduling.
· UE is aware of uplink subframes based on UL grants. CCA checks can be timed between the UL grant and the corresponding PUSCH transmission.
· FDM and uplink MU-MIMO can be enabled if the UEs start their transmissions simultaneously at the subframe boundary.

· Explicit signaling of UL-DL configuration may have benefits in terms of UE power saving, and in terms of awareness of presence of certain DL signals (e.g. CRS).

Accordingly, we propose the following:

Proposals:

· LAA uplink is based on LBE channel access rules.
· Consider flexible UL-DL configurations for joint downlink and uplink LAA operation.
· UL and DL subframes are known by the UE based on scheduling.

· Study explicit signaling of UL-DL configuration further.

3. Conclusion 
In this contribution we have discussed the choice between the FBE and LBE –based channel access rules and the resulting frame or transmission structures for LAA. Our proposals are summarized as follows:
Proposals:

· LAA downlink is based on LBE channel access rules.

· Study further modifications to LBE-based operation in order to support frequency reuse 1 operation.
· LAA uplink is based on LBE channel access rules.

· Consider flexible UL-DL configurations for joint downlink and uplink LAA operation.

· UL and DL subframes are known by the UE based on scheduling.

· Study explicit signaling of UL-DL configuration further.
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