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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. In RAN1#81[2], the following was agreed for DL listen-before-talk (LBT) operation. Considering the following agreement, this contribution suggests parameters and further design options for DL LBT operation and provides evaluation results on design options.
	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. 

· Agreed R1-152413 with a following note
· Note: This is only for DL LAA


2. DL LBT parameters for PDSCH
To guarantee expectable behaviour of a LAA network deployment when it coexists with other LAA network deployments or WiFi in unlicensed carrier, it is reasonable to standardize values or value ranges of basic DL LBT parameters in the LAA specifications. Therefore, we suggest values or value ranges for DL LBT parameters for PDSCH as follows. The basic principle is that DL LBT parameters are comparable to WiFi LBT parameters for fair coexistence.
· Initial CCA period and defer period should be equal to or larger than 25 us.

· eCCA slot duration should be around 9 us (4 us channel sensing time + 5 us Rx/Tx switching time), where the feasibility or implication should be asked to RAN4.

· Range of contention window size (CWS) should be from around 27 us (3×9us) to 9207 us (1023×9us).

According to the agreement introduced in Section 1, LBT parameters such as range of CWS, initial CCA period, and defer period can be configurable. Then, it should be determined where the same parameter values should be applied for all DL transmissions in a cell or different parameter values can be applied depending on the DL transmission types in a cell. We see the following cases where differentiating LBT parameters could be beneficial.

· Per initial transmission or retransmission (e.g., PDSCH retransmission may require faster channel access than initial transmission)

· Per physical channel (e.g., transmission of PDCCH for UL grant may require faster channel access than PDSCH)

Therefore, it can be considered to allow applying different LBT parameters depending on the DL transmission types in a cell.
Suggestion 1: Values or value ranges for the following DL LBT parameters for PDSCH should be specified,

· Initial CCA period and defer period ≥ 25 us

· eCCA slot duration ( 9 us

· Range of contention window size ( 27 us (3×9us) ~ 9207 us (1023×9us)

Suggestion 2: It can be considered to allow applying different LBT parameters depending on the DL transmission types in a cell.
3. Contention window size adjustment
In RAN1# 81[3], two options are agreed for CWS adjustment as follows.
	Agreements:
· For LBT Category 4 operation for PDSCH, following approaches for CWS (contention window size) adjustment should be captured in TR.

· Option 1: based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)

· Option 2: based on eNB’s assessment (e.g. sensing based adjustment)

· Note: combination of those options are not precluded.

· FFS for the detailed formulation of CWS adjustment


Assuming that CWS is adjusted based on HARQ ACK/NACK (Option 1), when an eNB tries to start the LBT mechanism at SF#N after a DL transmission burst is completed at SF#(N–1), it may be desirable that CWS is updated based on HARQ ACK/NACK related to PDSCH transmitted at SF#(N–1) just as WiFi. However, it is noted that LAA is inherently different from WiFi system in that HARQ ACK/NACK feedback is done at least 4 ms after the reception of PDSCH from UE perspective. Figures 1 and 2 depict the average UPT performance for WiFi-LAA coexistence scenario and LAA-LAA coexistence scenario, respectively. We assumed that eNB updates CWS for PDSCH transmission at SF#N based on multiple HARQ ACK/NACKs from SF#(N-4-T) to SF#(N-5). If T = 1 SF, eNB adjusts CWS at SF#N based on HARQ ACK/NACK(s) at SF#(N-5). We can observe that both WiFi and LAA performances decrease as T increases. Therefore, CWS adjustment based on HARQ ACK/NACKs from multiple SFs may not be helpful since it cannot promptly reflect network congestion status. Considering the observation, it would be reasonable to exploit HARQ ACK/NACK(s) of single SF corresponding to a TX burst for updating CWS (e.g., CWS adjustment based on HARQ ACK/NACK(s) of first SF in a past DL transmission burst).
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Figure 1. Average UPT with Option 1 for WiFi-LAA coexistence scenario: (a) WiFi performance and (b) LAA performance
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Figure 2. Average UPT with Option 1 for LAA-LAA coexistence scenario
Observation 1: CWS adjustment based on HARQ ACK/NACKs from multiple SFs may not be helpful.
Option 2 is CWS adjustment based on eNB’s assessment. Depending on operating target error rates of PDSCH in different eNBs, HARQ ACK/NACK ratio can be different between eNBs. This leads to a fairness problem of Option 1 because eNB operating at relatively lower target error rate can grab the channel more frequently. However, since eNB grabs the channel regardless of HARQ ACK/NACK in Option 2, the fairness problem cannot be occurred with Option 2. Figure 3 depicts the average UPT performance comparison between two options. In Option 1, we assumed that T = 1 SF. In Option 2, we assumed that if backoff counter is not expired during “observation window”, then CWS is doubled and backoff counter is regenerated. The observation window is set to current CWS multiplied by two. Detailed simulation assumptions are shown in Appendix. As shown in the figure, we can observe that WiFi baseline performance is guaranteed in both options and LAA performances of two options are comparable to each other under our simulation assumptions. Therefore, we observe both Option 1 (CWS adjustment based on HARQ ACK/NACK) and Option 2 (CWS adjustement based on eNB’s assessment) can work while Option 2 may provide potential merits in fairness aspect or operating consistency.
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Figure 3. Average UPT performance comparison between two options: (a) WiFi-LAA coexistence scenario and (b) LAA-LAA existence scenario
Observation 2: Both Option 1 (CWS adjustment based on HARQ ACK/NACK) and Option 2 (CWS adjustement based on eNB’s assessment) can work while Option 2 may provide potential merits in fairness aspect or operating consistency.
4. Relationship between energy detection threshold and transmit power
According to ETSI regulation [4], a relationship between energy detection threshold and maximum transmit power is defined assuming 0 dBi receive antenna gain and equivalent isotropically radiated power transmitter (i.e., no directivity). However, in LTE system, eNBs typically utilize precoded beam patterns with multiple transmission/reception antennas to obtain spatial domain gain. Therefore, we may need to investigate energy detection operation and transmit power setting when considering the use of multiple antennas for transmission and reception, as follows:
· How to perform energy detection with the use of multiple receive antennas

· How to define the relationship between energy detection threshold and maximum transmit power when multiple antennas are used to transmit
Suggestion 3: It is recommended to investigate energy detection operation and transmit power setting when considering the use of multiple antennas for transmission and reception, as follows:

· How to perform energy detection with the use of multiple receive antennas

· How to define the relationship between energy detection threshold and maximum transmit power when multiple antennas are used to transmit
5. Summary and conclusions

In this contribution, we suggested parameters and further design options for DL LBT operation and provided evaluation results on design options. The suggestions and observations of this contribution are summarized as follows.
Observation 1: CWS adjustment based on HARQ ACK/NACKs from multiple SFs may not be helpful.

Observation 2: Both Option 1 (CWS adjustment based on HARQ ACK/NACK) and Option 2 (CWS adjustement based on eNB’s assessment) can work while Option 2 may provide potential merits in fairness aspect or operating consistency.

Suggestion 1: Values or value ranges for the following DL LBT parameters for PDSCH should be specified,

· Initial CCA period and defer period ≥ 25 us

· eCCA slot duration ( 9 us

· Range of contention window size ( 27 us (3×9us) ~ 9207 us (1023×9us)

Suggestion 2: It can be considered to allow applying different LBT parameters depending on the DL transmission types in a cell.

Suggestion 3: It is recommended to investigate energy detection operation and transmit power setting when considering the use of multiple antennas for transmission and reception, as follows:

· How to perform energy detection with the use of multiple receive antennas

· How to define the relationship between energy detection threshold and maximum transmit power when multiple antennas are used to transmit
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7. Appendix
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 34 us

Extended CCA: 8 us

Defer period: 34 us
	8 us

	Contention window size
	X (minimum contention window size) = 16

Y (maximum contention window size) = 1024

	TX burst structure
	Starts at SF boundary and ends at 11-th OFDM symbol
	

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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