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1. Introduction

In RAN1 #80 meeting, there was a discussion on the evaluation assumptions for DL and UL transmission scenario and the following agreements were made [1]:
	Agreements:
· Updated evaluation assumptions for DL + UL scenario from DL only scenario

· Number of UEs/STAs 

· For 1 channel scenario – 20 UEs/operator

· Independent traffic generation on the DL and UL for both WiFi and LAA for FTP traffic model

· Each UE has the same UL/DL traffic arrival rate ratio

· WiFi transmission configuration

· The contention window is per EDCA
· Baseline of DL/UL traffic ratio:  50% DL traffic and 50% UL traffic should be evaluated to see the coexistence when UL heavy traffic happens
· 80% DL traffic and 20% UL traffic can be optionally evaluated

· LAA UL transmission is eNB scheduling based 
· Only scheduled UEs contend for the channel for UL transmission
At least the case where UE performs LBT before UL transmission should be evaluated
· Bandwidth assumptions

· LAA licensed carrier has 10MHz on the DL and 10MHz on the UL

· Companies shall indicate the assumptions made regarding the following parameters

· Assumption on DL/UL multiplexing of the unlicensed carrier

· Scheduling assumptions to satisfy the bandwidth occupancy rule per UE

· Satisfying transmit PSD constraint on the UL at the UE

· CCA threshold at the UEs

· UL HARQ and retransmission model

· Modeling of control channel

Company can provide additional delay related to buffer status report if modelled


Based on the above agreed evaluation assumptions, we provide preliminary evaluation results of coexistence performance in DL and UL (DL/UL) transmission scenario.
2. Coexistence performance for DL/UL scenario
2.1. Simulation assumptions
In this section, we describe the details on simulation assumptions for DL/UL scheduling, DL LBT and UL LBT scheme. The other simulation parameters are described in Appendix.

· DL/UL scheduling
· If an eNB has DL or UL data to send, it can schedule PDSCH or PUSCH according to traffic.
· If an eNB has both of DL and UL data to send, it can alternatively schedule PDSCH or PUSCH up to L consecutive subframes.
· DL LBT

· LBT with random back-off which follows the LBE procedure with a fixed q (=10) in [2] is applied and partial PDSCH can start at any OFDM symbol in a subframe.
· UL LBT
· Alt 1: UL LBT without random back-off
- The last SC-FDMA symbol in a subframe is used for idle time and a single CCA slot.

- If the CCA indicates idle channel, the UE can transmit PUSCH at the subframe.
· Alt 2: UL LBT with random back-off
- The last SC-FDMA symbol in a subframe is used for CCA gap.
- LBE procedure with a fixed q (=4) in [2] is applied. (i.e., max. TX burst length = 1.625 ms)
- UE can send reservation signal up to TRSRV before the subframe for PUSCH transmission.
In the evaluation, L is set to 10 and two values of TRSRV (i.e., 1 SC-FDMA symbol and 9 SC-FDMA symbols) were assumed for UL LBT Alt 2.
Figure 1. Evaluated UL LBT with or without random back-off
(a) Alt 1
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(b) Alt 2
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2.2. Evaluation results
In this section, we provide the evaluation results for the indoor scenario with only single carrier (Y=1) that operator #1 deploys LAA eNBs serving DL/UL and operator #2 deploys WiFi APs serving DL/UL. With the definition of buffer occupancy (BO) for DL/UL agreed as in [3], the packet arrival rate is set to adjusted to cover BO from 20% to 60% in the case of the baseline which is WiFi only scenario. Firstly, it can be seen in Figure 2 that impact of LAA on the DL performance of WiFi is less than that of other WiFi (e.g., WiFi deployed by operator #1) in the baseline scenario for all UL LBT options (i.e., UL LBT Alt 1 and Alt 2). For example, the mean DL UPT of WiFi in the coexistence scenario is more than twice the mean DL UPT of WiFi in the baseline scenario at high load buffer status (i.e., packet rate of 0.26).
Figure 2. Coexistence performance for DL in DL/UL scenario
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Similar to DL case, LAA also increase the UL performance of WiFi compared to that of WiFi in the baseline scenario for all UL LBT options as in Figure 3. It implies that one of main design target is satisfied i.e. WiFi can efficiently coexist with LAA rather than other competing WiFi as already observed in DL only scenario [4].
Observation 1: In the given LAA-WiFi coexistence scenario, WiFi has better DL and UL performance than those in the baseline scenarios.
Figure 3. Coexistence performance for UL in DL/UL scenario
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Additionally, it should be noted that the UL performance of WiFi in coexistence scenario is even better than that of LAA when UL LBT Alt 1 is assumed. It is mainly because UL LBT without random back-off in LAA has little chance to occupy channel compared to other aggressive LBT schemes such as DL LBT in LAA and DL/UL LBT in WiFi which have back-off operation.
Observation 2: In the given LAA-WiFi coexistence scenario, UL performance of LAA using UL LBT without random back-off is worse than that of coexisting WiFi.
Therefore, it would be worthwhile to study competitive UL LBT scheme to enhance LAA UL performance in the coexistence scenario. In our preliminary evaulation, we consider additional UL LBT option (i.e., UL LBT Alt 2) where a UE can count off random back-off value and transmit reservation signal when the UE acquire a chance for channel access before the timing for UL data transmission timing. With this UL LBT option, it was shown in Figure 2 that LAA UL performance can be increased compared to that with UL LBT Alt 1.
Observation 3: In the given LAA-WiFi coexistence scenario, UL performance of LAA can be improved by using UL LBT with random back-off compared to that using UL LBT without random back-off.
Additionally, it should be noted that the use of UL LBT with random back-off and reservation signal can deteriorate the DL and UL performance of WiFi as shown in Figure 1 and 2. This is mainly because UL LBT with random back-off and reservation signal cannot achieve frequency reuse factor one while it can cause interference and channel congestion by transmitting reservation signal.
3. Conclusion
In this contribution, we have provided the preliminary system level evaluation results on coexistence performance for DL/UL transmission scenario and following observations were made:
Observation 1: In the given LAA-WiFi coexistence scenario, WiFi has better DL and UL performance than those in the baseline scenarios.
Observation 2: In the given LAA-WiFi coexistence scenario, UL performance of LAA using UL LBT without random back-off is worse than that of coexisting WiFi.
Observation 3: In the given LAA-WiFi coexistence scenario, UL performance of LAA can be improved by using UL LBT with random back-off compared to that using UL LBT without random back-off.
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Appendix A: Simulation Parameters and Assumptions
	
	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
	24 us (DL)

16 us (UL)
	8 us

	TX burst length
	< 4 ms (DL)

< 1 ms (UL)
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	HARQ
	Asynchronous HARQ

	Rate control
	Closed loop
	Open loop
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