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1 Introduction
The study item for LAA recommended the adoption of a category 4 LBT for downlink transmissions containing PDSCH [1]. This contribution provides more details for the overall framework and choices of parameters for DL category 4 LBT in LAA, such as the ECCA slot duration and handling of multiple QoS classes. A procedural clarification on ECCA count down during the defer period is also presented, in addition to a discussion of multi-channel DL LBT. The LBT framework for DRS without PDSCH is addressed in a companion contribution [2].
2 Discussion
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Figure 1: General framework of category 4 DL LBT for LAA.
The LAA SI TR recommends that a category 4-based LBT procedure with variable contention window and defer periods is the baseline at least for LAA DL transmission bursts containing PDSCH [1]. A general framework for such a LBT procedure is exemplified in Figure 1, which is under discussion in the potential updates to the channel access procedure for load-based equipment in EN BRAN [3]. The procedure in Figure 1 is intended to be applicable to both DL LAA and Wi-Fi. The details of several parameters in the LBT procedure and procedures specific to LAA are discussed in the sequel.
2.1 LBT parameters and procedures
2.1.1 Defer period

One of the aspects of the category 4 LBT scheme described in the LAA TR, namely that no ECCA  countdown is performed during defer period, is in need of a further clarification. This is to ensure that a common understanding of the defer period in LAA is reached that is in accordance with the defer period without count down adopted in EDCA. When a busy channel turns idle, the AIFS duration in EDCA is comprised of a SIFS-duration defer period followed by a certain number (AIFSN[AC]) of CCA slots that depends on the access category [4]. No backoff counter decrement or transmission is permitted for the initial SIFS-duration defer period of the AIFS. Once the EDCAF senses the wireless medium to be idle for a duration of SIFS + AIFSN[AC] × aSlotTime, it may perform one of several actions which include transmission if its backoff counter was already zero, or decrementing the backoff counter if it was non-zero. An example illustrating this procedure in EDCA is shown in Figure 2, where the backoff counter can be decremented after observing two idle CCA slots subsequent to the SIFS duration, i.e., 34 µs after the channel has turned idle (assuming AIFSN[AC]=2). This behavior is also reflected in the flowchart in Figure 1, specifically in the counter decrement allowed for a non-zero counter after checking if the channel is idle for a defer period.
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Figure 2: Backoff counter decrement during AIFS in 802.11 EDCA [4].

Therefore, the agreement on no count down during defer period for LAA transmission bursts with PDSCH should be understood as that no count down is performed during a SIFS duration immediately following the transition of the channel state from busy to idle.

Proposal 1: For LAA transmission bursts with PDSCH, no count down is performed during a defer period of at least 16 µs following a transition in channel state from busy to idle. 
With the above clarification, the following additional proposals are made regarding the defer period for DL transmission bursts.

Proposal 2: 

· A defer period of zero is not allowed for DL transmission bursts with PDSCH to avoid collisions with ACK transmissions of other technologies.
· If an intended transmission contains traffic belonging to QoS classes with different parameters, the defer period for the QoS class with the lowest priority shall be used.

2.1.2 CCA slot size

Extensive coexistence evaluations were carried out in the LAA SI for  category 4 LBT schemes with an ECCA slot size of 9 µs, and numerous sources showed that good coexistence is achievable with this ECCA slot size [1]. An ECCA slot size of 9 µs also leads to better alignment between category 4 LBT and the random backoff procedure of Wi-Fi. Thus, it is recommended that the minimum ECCA slot size be smaller than 20 µs, i.e., be set to 9 µs for both DL and UL channel access.

Proposal 3: An ECCA slot size of 9 µs is used for both DL and UL channel access in LAA.
2.1.3 QoS classes

It is desirable to specify how to support multiple QoS classes within the channel access framework for LAA. Two main approaches can be followed to enable differentiation between QoS classes in terms of channel access for LAA:
· The number of idle CCA slots to be observed following the defer period of at least 16 µs before commencing ECCA is different for different QoS classes. This is similar to the AIFSN[AC] parameter used in EDCA.
· The initial CW used to draw the random backoff counter is different for different QoS classes.

EDCA specifies four QoS classes (voice, video, best effort, background) whereas LTE features nine QoS Class Identifiers (QCI). For symmetry with EDCA, the nine QCIs can be further grouped into four categories, each having different sets of the parameters described above. While examples of this grouping and parameter sets for each QoS category are given in [3], the details of the grouping and the parameter sets for each QoS category should be determined after further study.
Proposal 4: For different QoS classes, 

· Study further the values for the number of idle CCA slots to be observed following the defer period of at least 16 µs before commencing ECCA, 

· Study further the initial CW used to draw a random backoff counter.

2.1.4 Maximum channel occupancy time

Category 4 LBT features adaptation in contention window size based on the success or failure of recent transmissions. The length of the transmission burst or the maximum allowed channel occupancy time is irrelevant for the functioning of this CW adaptation mechanism. Furthermore, any relationship between maximum channel occupancy time and CW size can only hinder the efficacy of category 4-based CW adaptation in dense networks with a large number of nodes competing for channel access.
Proposal 5: For DL LBT based on category 4, there is no relationship between contention window and maximum channel occupancy.
2.2 Multi-channel LBT procedure
2.2.1 LAA DL LBT algorithm for multi-channel transmission

In [5]
, we have identified two classes of methods for LAA DL multi-channel LBT, namely Class A and Class B. LBT methods within Class A are based on the principles adopted in Wi-Fi for accessing a wider channel in the sense that it is required to have only one full-fledged random backoff completed on one carrier before transmission occurs. Class B represents the schemes where all transmitting channels have completed full-fledged random backoff before transmission. Once an LBT scheme for a single carrier has been specified, Class B schemes can automatically be used for LAA multi-channel access simply by meeting the LBT requirements for each channel. 

It is discussed in [5]
 that the LAA multi-channel LBT schemes within Class A can be perceived as the schemes that enable LAA with the most flexibility and agility. The reasoning is that the Wi-Fi specific constraints on channel ordering are not needed due to the inherent flexibility of the LTE CA frame work. On the other hand, the main principle of multi-channel LBT schemes in Wi-Fi in terms of CCA prior to transmission, are adopted. In addition, the coexistence evaluation results in [5] show that when LAA adopts a multi-channel LBT scheme within Class A, it can coexist well with a Wi-Fi network while enhancing the performance of the LAA network. Therefore it is important that LAA enables functionalities that support Class A multi-channel LBT schemes. In that light, we propose the following:

Proposal 6: Support flexible multi-channel LBT for LAA, where simultaneous transmission on more than one carrier is allowed if one of those carriers has met the LBT requirements for a single carrier and the other carriers are found to be idle before transmission for a duration of at least  25 µs.

2.3 Contention window adaptation
The details of CW adaptation in category 4-based DL LBT are addressed next. A significant number of sources that evaluated category 4 LBT schemes in the SI adopted CW adaptation with exponential backoff. The trigger for doubling the CW size in these evaluations was based on recent HARQ NACK feedback values that had not been previously used for CW adaptation. The good coexistence results shown under these assumptions across a wide range of traffic loads and scenarios indicate that this is the preferred configuration for CW adaptation for a category 4 LBT scheme. Other alternatives for triggering CW size adaptation, such as based on eNB sensing, have not been rigorously tested to the same extent and thus should not be given further consideration at this stage.
Proposal 7: 
· CW size adaptation in category 4-based DL LBT follows dynamic exponential backoff.

· The trigger for CW adaptation is based on HARQ ACK/NACK feedback.

For the case of multi-channel DL LBT, the following CW adaptation approaches are suggested for class A and class B schemes, respectively.
· Class A LAA multi-channel LBT:

· Contention window for each carrier is tracked separately based on the HARQ feedback for each carrier. A joint CW is determined from the CWs of the carriers (e.g., the largest CW). The joint CW is used to draw a random counter to be used by the carriers.

· Class B LAA multi-channel LBT:

· Each carrier has its own contention window
· Contention window is tracked per carrier based on the HARQ feedback for that carrier 

To summarize this contribution, the final proposal is to adopt a category 4 LBT procedure for DL transmission that takes into account all of the above proposals and clarifications.

Proposal 8: A category 4 LBT procedure with the above parameters and clarifications is adopted for LAA DL transmissions containing PDSCH.

3 Conclusion

This contribution discussed the overall framework and remaining issues for parameter setting of category 4 DL LBT in LAA. The following proposals were made.
Proposal 1: For LAA transmission bursts with PDSCH, no count down is performed during a defer period of at least 16 µs following a transition in channel state from busy to idle. 
Proposal 2: 

· A defer period of zero is not allowed for DL transmission bursts with PDSCH to avoid collisions with ACK transmissions of other technologies.

· If an intended transmission contains traffic belonging to QoS classes with different parameters, the defer period for the QoS class with the lowest priority shall be used.

Proposal 3: An ECCA slot size of 9 µs is used for both DL and UL channel access in LAA.
Proposal 4: For different QoS classes, 

· Study further the values for the number of idle CCA slots to be observed following the defer period of at least 16 µs before commencing ECCA, 

· Study further the initial CW used to draw a random backoff counter.

Proposal 5: For DL LBT based on category 4, there is no relationship between contention window and maximum channel occupancy.
Proposal 6: Support flexible multi-channel LBT for LAA, where simultaneous transmission on more than one carrier is allowed if one of those carriers has met the LBT requirements for a single carrier and the other carriers are found to be idle before transmission for a duration of at least 25 µs.
Proposal 7: 

· CW size adaptation in category 4-based DL LBT follows dynamic exponential backoff.

· The trigger for CW adaptation is based on HARQ ACK/NACK feedback.

Proposal 8: A category 4 LBT procedure with the above parameters and clarifications is adopted for LAA DL transmissions containing PDSCH.
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