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1. Introduction
In TR 36.889[1] which was accepted in RP#68, it is recommended that a category 4 LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH such as following;

The channel access framework includes a category 4 LBT scheme including random backoff and variable contention windows at least for the downlink data transmissions. It is recommended that the key parameters of the LBT scheme such as contention windows and defer periods should be configurable within limits to enable fair coexistence with other technologies operating in unlicensed spectrum.

In this contribution, we propose a category 4 LBT procedure and parameters for LAA DL transmission burst containing PDSCH. 

2. Category 4 LBT procedure and parameters
The LAA should be designed to achieve fair coexistence between Wi-Fi and LAA, and between different LAA systems. Therefore, in LAA, LBT design such as parameter sets and procedure should become specification of 3GPP in common to ensure the co-existence. The specification may be fixed one design or include some designs.
Proposal 1: In LAA, LBT design such as procedure and parameter sets should become specification of 3GPP in common to ensure the co-existence. The specification may be fixed one design or include some designs.

2.1 Update the contention window size based on HARQ feedback

Adjusting contention window (CW) size is needed to reduce the probability of collisions between transmission bursts. In unlicensed band operation, the receive node suffers from unpredictable interferences transmitted by out-of-control nodes.

Therefore, in LAA DL, updating the CW size should be based on HARQ feedback to reflect the effect of interference in UE side.

Proposal 2: Updating the CW size should be based on HARQ feedback.
2.1.1 Feedback timing
The updated procedure of CW size on Wi-Fi DL is shown in Fig.1. Here, CWN-th is defined as the CW size for LBT before 
N-th transmission burst. By the time LBT sequence before N+1-th transmission burst starts, Wi-Fi AP always can obtain the feedback which is receiving ACK or exceeding ACK timeout as response about N-th transmission burst. Therefore, Wi-Fi AP can update the CWN+1-th based on feedback corresponding to N-th transmission burst.

On the other hand, HARQ feedback timing in LAA is shown in Fig. 2. In DL-only scenario, eNB receives HARQ feedback after 4ms from sending a DL subframe in transmission burst. So, eNB may start LBT sequence for N+1-th transmission burst before receiving some of HARQ feedback corresponding to N-th transmission burst. Then, the CWN+2-th is updated based on the HARQ feedback corresponding to N-th transmission burst.

Observation 1：eNB may start LBT sequence for N+1-th transmission burst before receiving some of HARQ feedback corresponding to N-th transmission burst. 
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Fig.1. CW update procedure in Wi-Fi AP
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Fig.2. CW update procedure in LAA eNB　(DL-only scenario)
Moreover, HARQ feedback (ACK/NACK) is responded per UE scheduled in one DL subframe. Therefore, eNB receives multiple HARQ feedback in response to one DL subframe in N-th transmission bursts. For instance in Fig. 2, there is five HARQ feedback on each transmission burst.
Observation 2: eNB receives multiple HARQ feedback in response to one DL subframe in transmission burst.
2.1.2 CW size adjustment method
In LAA, CW size is updated between X and Y based on multiple HARQ feedback. To simplify discussions, it is supposed that the HARQ feedback corresponding to N-th transmission burst can be used for CWN+1.There are two options for CW size adjustment method.
· Option 1: Updating CW size based on previous CW size
· Option 2: Updating CW size independently of previous CW size
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Fig.3. An example of CW size update procedure based on previous CW size
Option1:
In this option, the CWN+1-th is decided by increasing (or decreasing) the CWN-th such as the CW size update procedure of Wi-Fi. The procedure of Option 1 is shown in Fig. 3. The CWk means the CW size which increases k times, where k is integer value which is greater than or equal to 0. In the LAA, CW0 = X and CWk <= Y.
In the HARQ operation, the larger number of UEs allocated to each DL subframe in N-th transmission burst become, the larger number of HARQ feedback corresponding to N-th transmission burst become.

Therefore, in the CW size update procedure based on HARQ feedback, the trigger for update should be not depends on the number of UEs allocated to each DL subframe in N-th transmission burst. For example, the CW size of category 4 LBT is updated as follow:

· The CWk is set as CWN+1-th. 

· The CWk is updated based on CWN-th and the ratio of the number of HARQ NACK in the number of HARQ feedback corresponding to N-th transmission burst.
· 
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 where p is magnification factor. CW0=X. For example, p=2.
· If the ratio be equal to or higher than the threshold γA, the CW size is extended.

· If the ratio be equal to or lower than the threshold γB, the CW size is reduced (or initialized).

Option 2

In this operation, eNB decides CWN+1-th independently of N-th transmission burst results because the scheduled UEs between N-th and N+1-th transmission bursts are generally different. The procedure of Option 2 is shown in Fig. 4. 
To achieve this CW size update, eNB has CW size counters which manage individual CW size for the each UE associated to eNB. The CW counter value for i-th UE represents CW#ik where k means indicator representing the number of increasing. CWN-th  , the conclusive CW size for LBT before N-th transmission burst, is decided based on the CW size counters of UEs scheduled on PDSCH in N-th transmission burst. At the time, HARQ feedback corresponding to N-1-th transmission burst is reflected in each CW counter. For example, the CW size of category 4 LBT is decided as follow:

· The maximum value in CW counters of scheduled UEs in N+1-th transmission burst is set as CWN+1-th. 

· The CW#ik is updated according to existence or non-existence of HARQ NACK corresponding to previous transmission burst in which i-th UE is scheduled.

· 
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· If the eNB receives HARQ NACK from i-th UE, the CW#ik increases.

· If the eNB receives HARQ feedback without HARQ NACK from i-th UE, the CW#ik  decreases (or is initialized).

Option 1 procedure can be achieved as simple as Wi-Fi procedure about CW size update. On the other hand, Option 2 procedure is useful to reduce collision probability of scheduled UEs. Category 4 LBT for DL transmission bursts containing PDSCH should have at least one option.
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Fig.4. An example of CW size update procedure independently of previous CW

Proposal 3: Category 4 LBT for DL transmission bursts containing PDSCH should have at least one option as follow:

· Option 1: update CW size based on  previous CW size
· The CW size for LBT before any transmission burst is updated from previous CW size using HARQ feedback corresponding to previous transmission burst. 

· The trigger for update should be the not depends on the number of UEs allocated to each DL subframe in N-th transmission burst.

· For example, the trigger is the ratio of the number of HARQ NACK in the number of HARQ feedback.

· Option 2: update CW size independently on previous CW size
· ENB has CW size counters which manage CW size for the each UE associated to eNB. 
· The CW size counter is updated according to HARQ feedback corresponding to previous transmission burst in which each UE is scheduled.
· For example, the update trigger is existence or non-existence of HARQ NACK.
· The CW size for LBT before any transmission burst is decided based on the CW size counters of UEs scheduled on PDSCH in N-th transmission burst.
· For example, the CW size becomes maximum value in target CW size counters.

Option 2

LAAでは任意の時間（および周波数）のPDSCH RBに割り当てられる宛先UEはスケジューラによって決定される。よって、一般に、N-th transmission burstとN+1-th transmission burstの宛先は異なる。
そこで、CWN+1-thをN-th transmissionの結果とは独立に決める方法が考えられる。本オプションにおいて、eNBはUE毎にCW#ikを管理する。ここで、kはCW sizeを示すindicator、iはi-th UEを表す。N-th transmissionに対するHARQ feedbacks を受信した時、eNBはUE毎にHRAQ NACKの有無を確認する。
例として、NACKを受信したUEについて、kを増加させてCWを拡大する。そして、N+1-th transmission burstに割り当てられたUEについて、CW#ikを参照し、最大の値をCWN+1-thとしてセットする。
この手法により、前の通信に失敗したUE、すなわちNACKがFeedbackされたUEが割り当てられた時はCWを広げ、前の通信でNACKがfeedbackされなかったUEしか割り当てられていない時は、CWを狭めることが出来る。
Category 4 LBT for PDSCHは、これら２つのOptionの少なくとも一つを備えるべきである。
Proposal 2: Category 4 LBT for PDSCHは、下記２つのOptionの内、少なくとも一つを備えるべきである。

· Option 1: CW sizeはsequentialに更新

· 任意のtransmission burstへの返信として受信したHARQ feedbackの内に占めるNACKの割合が閾値1以上の時、次のLTBのためのCWを広げる。反対に、割合が閾値2以下の時に、CW sizeを初期化する。

· Option 2: CW sizeは no sequentialに更新
· eNBはUE毎にHARQ NACKを受信したtransmission burstの回数を保持する。

· 任意のtransmission burstの前のLBTにおいて、割り当てられたUEsの最適なCW sizeに応じて、LBTに適用するCW sizeを決定する。

· For example：最大のCW

2.2 Parameters for category 4 LBT
In LAA, the CW size is changed between X and Y eCCA slots. In addition to X and Y, category 4 LBT has the parameters, which influence the Wi-Fi and LAA co-existence:

· Energy detection threshold (CCA-ED threshold) [dBm]

· Initial CCA period (BiCCA) [us]

· Extended CCA defer period (DeCCA) [us]

· ECCA slot duration (T) [us]

Especially, CCA-ED threshold is an important parameter to decide the area where eNB can detect transmissions from other nodes in unlicensed band. When Wi-Fi node detects signal of non-Wi-Fi systems, CCA-ED threshold is equaled to -62dBm. Therefore, CCA-ED threshold in LAA should also be -62dBm.
Proposal 4: CCA-ED threshold in LAA should be -62dBm.
Transmission can be started if all of configured CCA slots have been idle in LBT sequence. In Wi-Fi, the CCA slots are constituted from DIFS and Backoff (= slot duration * Random ([0,CW]). In LAA, the CCA slots are constituted from BiCCA, DeCCA, and the product of T and Random counter N. Here, N is selected the range from 0 to CW-1 in a random manner, which minimum value is X and maximum value is Y.  Each parameter is configured as fixed values or is selected from the range of values. LAA LBT parameters should be determined to obtain high throughput for LAA users under the condition that co-existence between Wi-Fi and LAA is achieved. 

Examples of parameter sets are shown in Table 1. Step 1 and Step 2 mean co-existing scenario between two Wi-Fi networks and between Wi-Fi and LAA networks, respectively. LAA LBT parameters in Set 1 are similar to Wi-Fi LBT parameters, but minimum CW size in LAA is smaller than one in Wi-Fi. In Set 2, eCCA slot duration is 20μs used by the LBT schemes in ETSI. The value of X in Set 2 is decided under the condition that the average number of CCA slots in Set 2 is the approximately same as one in Wi-Fi. 

The UPT performances in DL-only outdoor scenario when CCA-ED = -62dBm are shown in Fig.5 and Fig.6. Here, CW size is updated based on Option 1 in Sec.2.1.2, and the threshold γA = 0.125 and γB = 0.0. Traffic model is λ = 0.5 in FTP model 3. Other simulation assumptions are shown in Appendix.

In the Fig.5, the parameters in Set 1 and 2 can achieve the co-existence between Wi-Fi and LAA.  In the Fig.6, the parameters in Set 1 lead to higher LAA UPT performance than those in Step 1 and Set 2.  In these results, the parameter set in category 4 LBT for DL transmission bursts containing PDSCH should follow that in Wi-Fi as a start point. Moreover, some parameters may be tuned to maximize LAA UPT.
Table.1 LBT parameter sets
	Step
	Set
	LBT parameters

	1
	-
	DIFS = 34μs, slot duration = 9μs, minimum and maximum CW size = 15 and 1023, respectively

	2
	1
	BiCCA= 34μs, DeCCA= 34μs, ST=9μs, X=15, Y=1024

	2
	2
	BiCCA= 34μs, DeCCA= 34μs, ST=20μs, X=7, Y=1024
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Fig.5. Wi-Fi UPT performances for each LAA LBT              Fig.6. LAA UPT performances for each LAA LBT
parameters when CCA-ED = -62dBm                                  parameters when CCA-ED = -62dBm
Proposal 5: In these results, the parameter set in category 4 LBT for DL transmission bursts containing PDSCH should follow that in Wi-Fi as a start point. Moreover, some parameters may be tuned to maximize LAA UPT.
3. Conclusion 
Proposal 1: In LAA, LBT design such as procedure and parameter sets should become specification of 3GPP in common to ensure the co-existence. The specification may be fixed one design or include some designs.

Proposal 2: eNB receives multiple HARQ feedback about one transmission burst.
Observation 1：eNB may start LBT sequence for N+1-th transmission burst before receiving some of HARQ feedback corresponding to N-th transmission burst. 
Observation 2: eNB receives multiple HARQ feedback in response to one DL subframe in transmission burst.
Proposal 3: Category 4 LBT for DL transmission bursts containing PDSCH should have at least one option as follow:

· Option 1: update CW size based on  previous CW size

· The CW size for LBT before any transmission burst is updated from previous CW size using HARQ feedback corresponding to previous transmission burst. 

· The trigger for update should be the not depends on the number of UEs allocated to each DL subframe in N-th transmission burst.

· For example, the trigger is the ratio of the number of HARQ NACK in the number of HARQ feedback.

· Option 2: update CW size independently on previous CW size

· ENB has CW size counters which manage CW size for the each UE associated to eNB. 
· The CW size counter is updated according to HARQ feedback corresponding to previous transmission burst in which each UE is scheduled.

· For example, the update trigger is existence or non-existence of HARQ NACK.

· The CW size for LBT before any transmission burst is decided based on the CW size counters of UEs scheduled on PDSCH in N-th transmission burst.
· For example, the CW size becomes maximum value in target CW size counters.

Proposal 4: CCA-ED threshold in LAA should be -62dBm.

Proposal 5: The parameter set in category 4 LBT for DL transmission bursts containing PDSCH should follow that in Wi-Fi as a start point. Moreover, some parameters may be tuned to maximize LAA UPT.
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Appendix: Simulation assumptions
Layout and UE dropping accordance with outdoor scenario for LAA coexistence evaluations in TR36.889 A.1.2. Other assumptions are shown as follow table;

	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.0GHz

	Number of carriers
	1

	Total BS TX power 
	18 dBm 

	Total UE TX powe
	18 dBm

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D) 

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance and LOS probability.)

	Shadowing
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna Height: 
	10m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Number of UEs
	10 UEs per unlicensed band carrier per operator

	UE noise figure
	9dB

	Additional comments
	[LAA] LAA without licensed carrier, TxOP: 4ms, SISO, no 256QAM
[Wi-Fi] SISO, Channel coding: LDPC TxOP:4ms, no 256QAM,
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