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[bookmark: _Ref298777854]Introduction
In RAN1#80, we discussed detailed solutions for the Listen-before-talk (LBT) phase in LAA in order to ensure fair coexistence with Wi-Fi and other LAA services as well as compliance with regulatory requirements in [1]. In this contribution, our objective is to discuss further details on the design of LBT in the downlink for LAA.
LBT design in DL for LAA
In our previous contributions [2] we discussed the benefits of a load-based LBT scheme due to its flexible spectrum utilization and adaptability to traffic load and proposed an LBT protocol which ensures fair coexistence with other technologies, in particular Wi-Fi, in the unlicensed spectrum. In the proposed LBT protocol, additional coexistence measures, such as additional deferring after sensing an occupied channel and before post-transmission random backoff, are added to the EN 301.893 generic load-based LBT procedure to enable better coexistence behavior with Wi-Fi and LAA. The modification provides a means to randomize LAA data transmissions. In summary, the following general outline is proposed for the LAA LBT procedure which is also illustrated with a flow chart in Figure 1:
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[bookmark: _Ref414265883]Figure 1: Overview of the proposed LBT procedure for LAA
Proposals: 
· In the LBT procedure for LAA data transmissions, 
· A random backoff counter, N, is always drawn to start the LBT procedure.
· An initial CCA is always immediately followed by an extended CCA stage. 
· A successful transmission always leads to a restart of the LBT procedure with a newly drawn random backoff counter, N.
· This ensures that a defer period and a post-transmission random backoff with extended CCA is employed after the end of every transmission burst.
· Defer periods are incorporated by freezing the backoff counter and deferring back to the initial CCA when the channel is observed to be occupied during the extended CCA.
· After an unsuccessful CCA, the start of the next CCA can be chosen to be deferred to the next CCA starting point, such as the next subframe boundary.
Having described the framework of the proposed LBT protocol, we discuss in the following how some features can be adjusted to enhance the flexibility and efficiency of the LBT protocol with consideration to at least the following objectives:
· Reducing UE complexity and power consumption
· Reducing overhead
· Imposing minimum standardization impact
· Reducing collision and avoiding channel access starvation
Freeze periods during a load-based LBT procedure:
The starting time instance of the LBT procedure at eNB can be flexible and when eNB is permitted to access the channel it can transmit signals. However the eNB can be configured to consider time periods during the LBT procedure where no transmission can be initiated within. These time periods can be referred to as freeze periods for simplicity. The initiation of transmission due to the successful LBT can hence occur only outside these time intervals. 
Configuring freeze periods at eNB during the LBT procedure reduces the overhead due to the possible transmission of the initial/reservation signals. Additionally, this feature increases the opportunities for other contending nodes in the medium to access the channel in an effective manner which can serve a purpose similar to the exponential backoff feature in Wi-Fi technology. More insight into this LBT protocol as compared to other LBT protocols is provided in our companion contribution [3].
Moreover, the eNB can be configured to have a limited time budget for the CCA operation in the LBT procedure. As an example, the EN ETSI 301.893 generic load-based LBT regulation implies that a contention window of 10 is large enough to fulfil a maximum channel occupancy of 4 ms. This means that for the LBT with a CCA slot of 20 μs, if the largest random backoff number is drawn, a time budget of about 3 OFDM symbols (OS) are required for the LBT to declare success if the channel is idle.
Figure 2 and Figure 3 show some illustrative examples on how configuration of freeze periods and limited CCA budget would impact the LBT procedure. The examples provided in these figures show that there is a control on the level of politeness and the overhead with configuration of the freeze periods. The larger the freeze periods the more polite is the LBT protocol towards other systems and the smaller the overhead due to the potential initial/reservation signals. 
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[bookmark: _Ref414285197]Figure 2: LBT protocol with or without freeze periods in a medium load scenario
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Figure 3: LBT protocol with or without freeze periods in a heavily occupied medium
However it is important to keep in mind that freeze periods should not result in starving an eNB by being completely disadvantaged in accessing the channel as compared to the other nodes. In other words, a freeze period as large as 11 OFDM symbols is applicable when the system is operating in a stable point with reasonably low load. Otherwise adaptively reducing or discarding the freeze period is necessary in order to obtain access to the channel. 

Fixed OS candidates to initiate data transmission after a successful LBT procedure:
Fixed candidates for initiating the data transmission can reduce the complexity at the UE where the data would be expected to start arriving at limited time instances.  In the following, we discuss the corresponding approaches that can be considered to support EPDCCH and PDCCH self-scheduling.
The UE can be configured with either self-scheduling or cross-carrier scheduling. For efficient operations on LAA, self-scheduling is more important to support since it reduces the scheduling load on the PCell. Moreover, cross-carrier scheduling can have challenges due to the very short delay between the LBT result on the SCell and the scheduling command on the PCell, and cross-carrier scheduling can impose scheduling limitations if the scheduling cell is operating TDD. More detailed analysis is provided in our companion contributions [4].
To support self-scheduling with EPDCCH on the LAA SCell, EPDCCH resources should be configured for the SCell. To reduce the UEs complexity, the UE can be configured with one fixed candidate for the EPDCCH starting OS which already exists in the standard. The proper choice of the EPDCCH starting OS depends on the operating point of the LBT protocol. The example in Figure 4 shows that the EPDCCH always start in OS #3 irrespective of where the subframe is located in a transmission burst based on the CCA time budget of 3 OFDM symbols that was discussed earlier. As shown in this figure, there are only two OS candidates for PDSCH starting symbols, OS#0 and OS#3.  A new field may be needed in the DCI to indicate to the UE whether the subframe is a normal subframe (with PDSCH occupying all 14 OS) or a shortened subframe (with PDSCH occupying 11 OS starting at OS #3). From the UE’s point of view, the UE checks its allocated EPDCCH search space(s) when it is not in DRX. When CRC checks for a searched EPDCCH candidate, the UE can follow the DCI to correctly decode the PDSCH transmission. 
To support self-scheduling with PDCCH on the LAA SCell, only OS#0 can be considered for starting the data transmission to reduce the impact on the PDSCH. However, this implies that in order to release the channel as late as possible, the last subframe has to be shortened at the end which would impact DMRS and some CSI-RS configurations. Moreover, that subframe from the UE’s perspective should be configured differently than other subframes and use a similar structure as DwPTS where the last OFDM symbol with CRS may not be available. 
Figure 4 illustrates some examples of self-scheduling on SCell for LAA eNBs with the constraint of 4ms maximum channel occupancy time.
[bookmark: _Ref404171528]However, our preference is to support DMRS-based transmission modes as compared to the CRS-based transmission modes. This is motivated by the fact that in the context of discontinuous transmission on the LAA SCell, the legacy CRS does not exist as in previous releases. In fact the CRS can be present only in the subframes that transmission is allowed. Due the unpredictable nature of the unlicensed band there is no guarantee for the existence of CRS even if eIMTA frame work is adopted for LAA. Therefore the standardization impact in particular on the tests, procedures and requirements in RAN4 in relation to intermittently available CRS is significant. This statement holds even if DRS frame work or TDD configuration 0 are considered as a starting point since all of these rely on the periodicity of the CRS but with lower frequency. The situation for DMRS based transmission is different since DMRS is present only when data is present. Hence no changes in the specifications are needed as compared to CRS but perhaps some new requirements are needed. More discussions are available in our companion contribution [5].
Having said that, the freeze period feature is in general applicable to support both DMRS based or CRS based transmissions as shown in Figure 5.
Based on the above discussions, we propose the following:
Proposals: 
· Configuring freeze periods during the LBT procedure at eNB is supported.
· Self-scheduling based on EPDCCH should be considered for LAA SCells.
· For DMRS-based transmission the UE is configured with one of the four candidates for the EPDCCH start symbol.
· A candidate with an offset from the subframe boundary is preferable.
· Maximum channel occupancy of 4ms suggests OS#3 as starting symbol for EPDCCH.
· A new control bit in the DCI message indicates to the UE the starting point of the PDSCH. A choice between two alternatives of OS#0 and OS#3 can be considered.
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[bookmark: _Ref414295002]Figure 4: Examples on LAA self-scheduling on the SCell with maximum channel occupancy of 4ms
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[bookmark: _Ref414295051]Figure 5: Examples of freeze periods to support different TMs
Prioritized channel access
Wi-Fi EDCA mechanism defines four access categories (ACs) to support prioritized quality of service (QoS). Each AC is characterized by specific values for a set of access parameters that statistically prioritize channel access for one AC over another. 
In LAA, a similar prioritization of channel access could be defined. One option is to apply different LBT categories to prioritize channel access for different channels and signals, or support data with different QoS requirements in LAA. For example, it would be beneficial to have a prioritized channel access for management and control information over data traffic in LAA. Examples of management and control information can be Discovery Reference Signal (DRS) transmissions. A different LBT scheme than the LBT procedure proposed in Figure 1 can be applied for channel access for management and control information as shown in Figure 6. The transmissions can commence immediately after the initial CCA is cleared. If the channel is determined to be busy during an initial CCA, the commencement of the next CCA is conditionally deferred to the next CCA starting point. Therefore, the management and control information could have a prioritized channel access and have higher probability to be transmitted at the predetermined time instances, which could be especially beneficial for DRS transmission and in turn would facilitate and simplify the DRS reception by UEs. 


[bookmark: _Ref413676347]Figure 6 LBT for management and control information
Another option is to apply different LBT parameters to prioritize channel access for different channels and signals, or support data with different QoS requirements in LAA. The channel access could be prioritized/deprioritized using different LBT parameter settings such as the CCA duration, freeze periods, contention window sizes, etc. For the channels or signals with a prioritized channel access, for example, with a smaller contention window size, the maximum channel occupancy time can be decreased to maintain a fair coexistence. 
Proposal:
· Support prioritized channel access in LAA, e.g., by applying different LBT categories, and/or different LBT parameters, etc.
For prioritized channel access, the channel/signal with prioritized access should be determined and specified. One example is that DRS should have a prioritized channel access over other transmissions in DL. Moreover, the LBT scheme and LBT parameters need to be specified for the prioritized channel/signal.
Conclusions
In this contribution, we discussed further details on DL LBT in LAA. The above discussion is summarized with the following observation and proposal:
Proposals: 
· In the LBT procedure for LAA data transmissions, 
· A random backoff counter, N, is always drawn to start the LBT procedure.
· An initial CCA is always immediately followed by an extended CCA stage. 
· A successful transmission always leads to a restart of the LBT procedure with a newly drawn random backoff counter, N.
· This ensures that a defer period and a post-transmission random backoff with extended CCA is employed after the end of every transmission burst.
· Defer periods are incorporated by freezing the backoff counter and deferring back to the initial CCA when the channel is observed to be occupied during the extended CCA.
· After an unsuccessful CCA, the start of the next CCA can be chosen to be deferred to the next CCA starting point, such as the next subframe boundary.
· Configuring freeze periods during the LBT procedure at eNB is supported.
· Self-scheduling based on EPDCCH should be considered for LAA SCells.
· [bookmark: _GoBack]For DMRS-based transmission the UE is configured with one of the four candidates for the EPDCCH start symbol.
· A candidate with an offset from the subframe boundary is preferable.
· Maximum channel occupancy of 4ms suggests OS#3 as starting symbol for EPDCCH.
· A new control bit in the DCI message indicates to the UE the starting point of the PDSCH. A choice between two alternatives of OS#0 and OS#3 can be considered.
· Support prioritized channel access in LAA, e.g., by applying different LBT categories, and/or different LBT parameters, etc.
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