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[bookmark: _Ref301342314]Introduction
In the WID for LAA [1], the following regarding UL for LAA has been agreed:
[bookmark: _GoBack]The work item on LAA should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.
In our companion contribution [2]  we discuss the LBT and scheduling design for LAA UL. It is observed that a fast UL LBT is preferable for LAA UL to increase the UL LBT success at the time of the scheduled UL subframe. Furthermore, [2] highlights the substantial improvement potential of multiplexing several UL LAA grants in the same DL subframe for the performance of both LAA and its coexisting network.
In this contribution, we study the coexistence between two LAA networks with UL and DL traffic when they apply the LBT and scheduling design for LAA UL proposed in [2].
[bookmark: _Ref410305256]Description of DL and UL LBT algorithms
LAA DL LBT algorithm
Category 4 LBT algorithm based on LBE LBT with NACK based contention window increase [4][5]
In addition to the main LBT loop, the transmitter also maintains a variable contention window size CW, which is initialized to CWmin = 15. The details of the algorithm are given below.
· Whenever a random backoff counter is needed in the LBT loop,
· If the latest received HARQ feedback is NACK, CW is doubled. 
· The maximum size of the contention window is limited to CWmax = 63. 
· If the latest received HARQ is ACK, CW is reset to CWmin.
· The random number N is drawn from [0, CW].
· The CCA slot duration T1 is reduced to 9 μs to align with Wi-Fi slot duration. 
· The transmitter can occupy the channel for 4 ms following a successful LBT attempt.
The CCA-ED threshold is set to -72 dBm.
LAA UL LBT algorithm
Category 4 LBT algorithm based on LBE LBT
· Same as in the DL except CWmin = 1 and CWmax =1
The CCA-ED threshold is set to -72 dBm.
LAA – LAA coexistence results
The results presented in Figure 1 provide an overview on the coexistence between two LAA networks when they use a fast Category 4 UL LBT scheme. Furthermore, an enhanced UL grant transmission is used, i.e. UL grants for 4 UL subframes are multiplexed in the same DL subframe. However, the delay between the start of the multiplexed UL grants transmission and the corresponding UL LAA subframes has not been reduced compared to the legacy grant transmission and is at least 4ms. That is, the evaluated scheme is denoted as MG4 in [2].
At the time where the multiplexed UL grants are transmitted, if the eNB has DL data in buffer, both UL grant and DL data are multiplexed in the same DL subframe. If there is no DL data in the buffer, we assume that the eNB carries out an ePDCCH based UL grant transmission on 12 PRBs out of 100 and thus uses a Tx power reduced by 9.2dB. 
Twenty users with 50% traffic in DL and 50% traffic in UL are active in both the LAA and Wi-Fi networks. LAA uses -72dBm sensing threshold.
Figure 1 shows that the performance of both LAA networks is very close to each other over the entire traffic load range for both UL and DL. Fair coexistence is thus achieved with the proposed UL LBT and UL grant transmission schemes.
Observations:
· Two DL+UL LAA networks operating Category 4 DL LBT and shorter Category 4 UL LBT with optimized UL grant transmission can achieve fair coexistence with each other 

[bookmark: _Ref414656375][image: ][image: ] 
(a) DL user throughputs				(b) UL user throughputs

[bookmark: _Ref416444725]Figure 1:  Mean user throughputs of the indoor test scenario with FTP traffic in DL on the left and UL on the right. Each network has 4 eNBs/APs and 20 UEs. Both operator A and B networks have 50% DL and 50% UL traffic. For LAA, licensed band PCell is not used for DL traffic in this test.
Conclusions
In this contribution, we report coexistence evaluation results when LAA networks have UL and DL traffic and schedule UL LAA from the unlicensed carrier. Both LAA networks use a short Cat 4 UL LBT and an optimized UL grant transmission. We observe the following.
Observations:
· Two DL+UL LAA networks operating Category 4 DL LBT and shorter Category 4 UL LBT with optimized UL grant transmission can achieve fair coexistence with each other 
Based on the investigation, we propose the following.
Proposals:
· A fast Category 4 LBT scheme, with a very small maximum contention window size, is supported for LAA UL.
· A flexible framework to enable the scheduling of multiple UL subframes from one DL subframe is defined for LAA.
· A reduced UL grant delay is supported for LAA
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Annex A: Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [5]. However our preferences on the assumptions that remained optional or need clarifications when results are presented are provided below. In all the indoor coexistence evaluations, the transmit power of the base station in the unlicensed band is assumed to be 18 dBm. Moreover, FTP model 3 is used for generating FTP traffic.
[bookmark: _Ref414616236]Table 1: Additional LAA system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx, Cross-polarized. 

	Transmission schemes
	Open loop 2x2 MIMO based on TM10, 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
	-72 dBm

	Cyclic Prefix
	Normal

	eNB contention window
	CWmin=15, CWmax=63

	Scheduled UE contention window
	CWmin=1, CWmax=1

	eNB output power for EPDCCH only subframe
	9 dBm
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