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1. Introduction
During the RAN1#81, details on LBT category 4 for LAA DL transmission were discussed and following were agreed:
Agreements:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic variable  backoff or semi-static backoff between X and Y ECCA slots
· One candidate of variable is exponential backoff, FFS for other candidates

· Note that most of evaluations are based on exponential backoff

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· Consider minimum ECCA slot size smaller than 20 µs

· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during defer period

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
Agreements:
· LBT category 4 channel access framework for DL transmission bursts with PDSCH supports:

· No count down during the defer period

In this contribution, we provide further discussions on LBT Category 4 for LAA DL transmission to ensure fair coexistence with Wi-Fi and LAA.
2. Discussion on DL LBT schemes
During the study item, it was agreed that Category 4 based LBT mechanism is recommended as the baseline for LAA DL transmission bursts containing PDSCH, and additional LBT schemes such as Category 2 based LBT for LAA DL transmission remain for further study.
· It is recommended that the agreed Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH
· FFS: Category 2 based LBT mechanism is also supported for LAA DL transmission bursts containing PDSCH
In our view, although Category 2 based LBT is beneficial to enable frequency reuse 1 and minimize specification impact for LAA, it was well known that enhancements on Category 2 LBT scheme are necessary especially for asynchronous LAA networks, which may require additional works with evaluations to verify its effectiveness. In addition, overall channel access principle of Category 2 is much different from Wi-Fi, it is likely to have different channel access opportunity between Category 2 based LAA and Wi-Fi. Therefore, in order to ensure fair coexistence with Wi-Fi, it would be desired that Category 4 based LBT should be the LBT mechanism for LAA DL transmission. Besides, it is preferable to make a unified LBT mechanism for LAA DL transmission burst containing PDSCH.
Proposal 1: In order to ensure fair coexistence with Wi-Fi, Category 4 based LBT should be the LBT mechanism for LAA DL transmission bursts containing PDSCH
3. Details on Category 4 LBT for DL
In this section, details on Category 4 LBT scheme (e.g. ECCA slot duration, initial CCA, defer period and CW adaptation scheme) are discussed. 
ECCA slot size

During study item, it was agreed that ECCA slot size smaller than 20 µs can be considered for LAA. In order to ensure fair coexistence with Wi-Fi, in general, it is preferable to select ECCA slot size for LAA as the same as Wi-Fi slot duration (e.g. 9 µs). 
Proposal 2: ECCA slot size for LAA should be the same as slot duration of Wi-Fi (i.e. 9 µs)
Defer period and initial CCA

A defer period was introduced before resuming ECCA check to protect at least Wi-Fi ACK/NACK transmission. Therefore, a defer period should be longer than SIFS duration, and it is preferable to configure defer period for LAA as the same as Wi-Fi’s one to ensure fair channel access opportunity with Wi-Fi. Note that a defer period can be configured according to QoS class as Wi-Fi (e.g. DIFS or AIFS), but it cannot be configured to be zero. However, if different defer period can be configured according to QoS, it could be possible that multiple UE with different QoS classes could be multiplexed in LAA DL transmission burst. In this case, either the highest or lowest QoS class in the DL transmission burst can be considered as a reference to select defer period. 
Regarding initial CCA duration, similar to discussion on ECCA slot size and defer period, it is also preferable to configure initial CCA duration for LAA as the same as Wi-Fi’s one, and configurable according to QoS class (e.g. DIFS or AIFS)
Proposal 3: Defer period and initial CCA duration for LAA should be the same as Wi-Fi’s one and configurable according to QoS class
CW adaptation

In the RAN1#81, options for CW size adjustment were discussed, and following two options to adjust the CW size were agreed for Category 4 LBT and captured in TR. 

· For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.

· Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
· Based on eNB’s assessment (e.g. sensing based adjustment)
For CW adjustment based on eNB’s assessment, LBE Option A described in EN 301 893 can be considered as an example, where CW size is doubled up to CWmax (e.g. 1024) if it is failed to find N randomly selected unoccupied ECCA slots during the defined observation period. Since CW size for this option can be increased before transmission, it could be happened that CW of LAA is doubled even before ECCA counter reaches to zero, while CW size of WiFi is doubled only when Wi-Fi AP receives NACK from its STA. Therefore, in order to ensure fair coexistence with Wi-Fi, it would be desired that CW size of LAA is adjusted exponentially based on UE feedback (e.g. HARQ ACK/NACK) for LAA, similar to Wi-Fi.

Proposal 4: In order to ensure fair coexistence with Wi-Fi, exponential CW adaptation based on HARQ ACK/NACK should be considered for Category 4 LBT design
However, further study is required when CW size is adjusted by HARQ ACK/NACK, because LAA can multiplex numbers of UEs in a subframe, and LAA eNB receives UE feedback at least 4ms after transmission of DL burst to the scheduled UE so that part of HARQ ACK/NACK associated to the previous DL burst may not be received at eNB before generation of the next backoff counter. Therefore, rules for when CW size adjustment is checked, and how HARQ ACK/NACK works for CW adjustment should be defined. 
In Wi-Fi protocol, AP updates its CW size right after it receives its ACK/NACK report from corresponding STA. The delay of waiting for ACK/NACK report at AP end is quite short (e.g. 100us level). However, in LAA, the delay of receiving ACK/NACK/DTX reports from all serving UEs is 4ms, such that checking CW update at the receipt of all  ACK/NACK/DTX reports from all serving UEs for LAA seems inefficient and unnecessary. In LAA LBT Category 4, backoff counter is generated when eNB passes DeCCA (a delay period of extended CCA  (e.g. 34 us) before random backoff). In this sense, the end of a successful DeCCA  is the last time instant before generating the next backoff counter (utilized for the upcoming transmission burst), and it can be considered as a reasonable candidate for CW update timing (see Figure 1). A benefit of choosing the last moment to adjust CW size is to wait for more ACK/NACK/DTX reports of the latest DL transmission burst. 
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Figure 1. Contention window update checking instant.
Here, we consider multiple alternatives for CW adjustment triggers: 

ALT1: CW size can be doubled if LAA eNB receives any NACK from any of the serving UEs between two consecutive CW update timing instants (i.e. between the moments random back-off number is generated for ECCA check).
ALT2: CW size can be doubled if the latest received HARQ ACK/NACK(s) is (contains) a NACK at eNB before CW update timing instants. 

ALT3: CW size can be doubled if the latest HARQ ACK/NACK(s) corresponding to the first subframe in a burst (could be current burst or the previous one) is (contains) NACK. 

ALT4: CW size can be doubled if the ratio (or the number) of HARQ ACK/NACK two consecutive CW update timing instants exceeds a predefined threshold. 

For ALT4, since CQI value reported by LAA UE is derived to satisfy condition that a single PDSCH transport block could be received with a transport block error probability not exceeding 0.1, it could occur that CW is unnecessarily increased due to BLER assumptions on CQI rather than collision between nodes. In this case, depending on the defined threshold for CW adjustment, such impacts could be minimized. However, it is difficult to find optimal threshold to take BLER assumptions on CQI into account, while ensuring fair coexistence with Wi-Fi.
In addition, if DL and UL transmission are supported by LAA, uplink HARQ ACK/NACK might also need to be considered for CW adjustment at eNB. Therefore, if variable CW triggered based on HARQ ACK/NACK is considered for LAA LBT scheme, further study is required to address such LTE-specific features.
Simulation results regarding aforementioned alternatives for CW size adjustment trigger are shown in Figure 2 and Figure 3. Setting of the simulation is as follows: simulation scenario is indoor, downlink only and high load; LAA TXOP is chosen as 10ms; LAA ACK/NACK reports delay is 4ms; target group of ACK/NACK reports considered to generate the trigger are all received reports within the same burst at the CW update checking instant. No significant difference is observed from this set of simulation, and for the simplicity of design, ALT2 and ALT3 can be candidates for CW update trigger. 
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Figure 2. UE throughputs regarding different contention window size adjustment triggers (CCA threshold = -62dBm).
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Figure 3. UE throughputs regarding different contention window size adjustment triggers (CCA threshold = -82dBm).


Proposal 5: The end of the delay period of extended CCA is a candidate timing for contention window update. Further study is required to address LTE-specific features in Category 4 design. 
Observation: No significant difference in LAA and Wi-Fi performance is observed from our simulation among the alternatives of contention window update trigger design. However, further study is needed with more simulation scenarios.

Proposal 6: A simple rule such as Alt 2 or Alt 3 should be adopted if there is no significant difference in LAA and Wi-Fi performance among the alternatives.
Backoff Counter Adaptive Adjustment 

The drawback of above CW update timing is not full utilization of ACK/NACK information of current burst (due the delay of ACK/NACK reports). For example, if the time after DeCCA (e.g.34 us) is much shorter than the delay of receiving ACK/NACK reports (e.g. 4ms), such that the up-to-date ACK/NACK reports are not available at eNB using the above CW update timing. 

To overcome this problem, an adaptive backoff counter adjustment scheme can be considered. In the procedure of eCCA counting down, backoff counter value can be adjusted based on the latest received ACK/NACK report (see Figure 1). More precisely, when eNB receives an ACK/NACK report, it may adjust its CW and remaining backoff slot value if it is indeed in the procedure of eCCA counting down. For example, in the counting down process, eNB may decide to reduce its CW to the minimum CW size based on latest ACK report, correspondingly it may adjust the remaining backoff counter value to accelerate the counting down procedure. By this way, it allows eNB to operate eCCA based on timely ACK/NACK information as much as possible. 

As shown in Figure 4, eNB may adjust the target random number N (N is number of idle CCA slots required for channel occupation and is generated when ECCA procedure starts) when it decides to update CW. Since CW changes from 32 (CW used when ECCA starts) to 16 (updated CW based on latest ACK report), the target number N changes from 12 to 6 correspondingly. At a result, eNB could start new data transmission when totally 6 idle CCA slots are detected. By such CW/backoff counter adaptation, it is equivalently that eNB adjusts CW based on above “future ACK report” from the beginning, hence is similar to WiFi CW adjustment based on ACK report.  
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Figure 4. Adaptive backoff counter adjustment to simulate WiFi procedure
Proposal 7: To overcome the drawback of utilizing incomplete ACK/NACK information to draw a trigger for CW update, backoff counter adaptive adjustment scheme can be considered in the procedure of counting down. 

Applicability of Category 4 LBT to DRS

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. For example, while LBT Cat. 4 scheme for LAA data transmissions is considered, FBE can be applied for DRS-only transmissions to reduce reception complexity at the UE and support reuse-1 among DRS transmissions as in Rel-12 [3]. 
4. Conclusions

A summary of our proposals on the Category 4-based LBT design for DL transmission are as follows:
Proposal 1: In order to ensure fair coexistence with Wi-Fi, Category 4 based LBT should be the LBT mechanism for LAA DL transmission bursts containing PDSCH
Proposal 2: ECCA slot size for LAA should be the same as slot duration of Wi-Fi (i.e. 9 µs)
Proposal 3: Defer period and initial CCA duration for LAA should be the same as Wi-Fi and configurable according to QoS class
Proposal 4: In order to ensure fair coexistence with Wi-Fi, exponential CW adaptation based on HARQ ACK/NACK should be considered for Category 4 LBT design
Proposal 5: The end of the delay period of extended CCA is a candidate timing for contention window update. No significant difference regarding alternatives of contention window update trigger design is observed from simulation. Further study is required to address LTE-specific features in Category 4 design. 
Observation: No significant difference in LAA and Wi-Fi performance is observed from our simulation among the following alternatives of contention window update trigger design. However, further study is needed with more simulation scenarios.

ALT1: CW size can be doubled if LAA eNB receives any NACK from any of the serving UEs between two consecutive CW update timing instants

ALT2: CW size can be doubled if the latest received HARQ ACK/NACK(s) is (contains) a NACK at eNB before CW update timing instants. 

ALT3: CW size can be doubled if the latest HARQ ACK/NACK(s) corresponding to the first subframe in a burst (could be current burst or the previous one) is (contains) NACK. 

ALT4: CW size can be doubled if the ratio (or the number) of HARQ ACK/NACK two consecutive CW update timing instants exceeds a predefined threshold. 

Proposal 6: A simple rule such as Alt 2 or Alt 3 should be adopted if there is no significant difference in LAA and Wi-Fi performance among the alternatives.

Proposal 7: To overcome the drawback of utilizing incomplete ACK/NACK information to draw a trigger for CW update, backoff counter adaptive adjustment scheme can be considered in the procedure of counting down. 
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Appendix
Table 1: Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration


	2Tx2Rx in DL, Cross-polarized 

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500Byte

	Max PPDU duration
	4 ms 

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	Not modelled

	
	Contention window
	Per DCF

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic only

	Rate control
	Minstrel

	Channel selection
	N/A


Table 2: LAA system evaluation assumptions
	Parameters
	Value

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized. 

	Modulation schemes
	QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62dBm & -82dBm

	Channel selection
	N/A

	Cyclic Prefix
	Normal

	LBT Cat
	4

	Max channel occupancy
	10ms


Figure � SEQ Figure \* ARABIC �4�. UE throughputs regarding different contention window size adjustment triggers (CCA threshold = -82dBm).
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