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In IEEE 802 LS (R1-152531) “Follow-up Liaison Statement Regarding LAA” [1], IEEE 802 LMSC discussed 
Issue 1: 3GPP RAN1 has not yet responded to IEEE 802’s recommendation to consider video traffic scenarios. There are multiple industry predictions that the vast majority of network traffic will be video based within a few years, and today hundreds of millions of unique consumers use real time two-way video calling each month.
Extensive evaluation of delay intolerant traffic (VoIP specifically) was performed by companies during the SI phase and the results are collected in TR 36.899 [2]. Several LAA coexistence mechanisms are found to impact such delay intolerant traffic less than another Wi-Fi network operating on the same frequency. There is no evidence on why the analysis and results do not apply to other delay intolerant traffic types such as video conference traffic as discussed in the IEEE LS. Based on the existing coexistence evidence of VoIP traffic and lack of any evidence of a coexistence issue for video conference traffic, 3GPP replied that such additional evaluation work would not be feasible for the Study Item.
In this contribution, we voluntarily provide additional coexistence evaluations for video conference traffic based on the Wi-Fi Alliance Mobile Multimedia requirements [3].
Coexistence Evaluation Assumptions
Video conferencing traffic model
The video conferencing traffic model for our coexistence evaluation has followed the guidelines provided in [3], where HD standard video calls models H.264/MPEG-4 with an average bandwidth of at least 1.2Mbps. Detailed assumptions for our evaluation are provided below:
· One 5kB file arrival every 33.3ms per direction, DL and UL traffic.
· Given that EDCA protocol is considered, the contention window size CW for video call is initialized to CWmin = 7 and limit to CWmax = 15. Moreover, the AIFS duration is only 25 µs, which is shorter than the legacy DIFS duration of 34 µs.
· A video user is considered in outage when the 98th percentile of the delay is larger than 50ms.
LAA DL Data Channel LBT algorithm
Category 4 LBT algorithm based on LBE LBT with NACK based contention window increase [2][4] is used. 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.
Further information on scheduling grants can be found in [5].
LAA UL Data Channel LBT algorithm
The UEs are scheduled by UL grant transmitted on the unlicensed band LAA SCell, which follows the DL LBT algorithm described in the above. The scheduled UEs follow shortened a Category 4 LBT algorithm as discussed in [5]:
· Same as in the DL except CWmin = 1 and CWmax =1
The CCA-ED threshold is set to -72 dBm.
Coexistence Evaluation Results and Discussion
In this evaluation scenario, two operators deploy X=4 small cells each in the single-floor building sharing Y=1 unlicensed carrier. 20 UEs for each operator network and one additional Video UE for the non-replaced Wi-Fi network are modeled.
Case 1: DL-only LAA
In the first evaluation, Operator A supports DL-only traffic while the non-replaced Wi-Fi Operator B supports both DL and UL traffic. The results presented in Figure 1 and Figure 2 correspond to an 80/20 split between DL and UL traffic in the Wi-Fi network B. The following observations can be made.
· The video conferencing users experience substantially lower outage at higher system loads when the co-channel network switches from Wi-Fi to LAA operations.
· The FTP traffic users obtained higher mean and cell-edge throughputs in both DL and UL directions when the co-channel network switches from Wi-Fi to LAA operations.
· Both observations are qualitatively identical to those obtained for the VoIP traffic evaluation.
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[bookmark: _Ref414666672]Figure 1: Video outage with 80/20 split between DL and UL traffic where black and blue lines correspond to the non-replaced Wi-Fi network coexisting with Wi-Fi and with LAA, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user results, respectively.
	[image: ]
	[image: ]



Figure 2: User throughput vs. served traffic per operator per AP for FTP traffic with 80/20 split between DL and UL traffic where ∇ and O correspond to 5%-ile and mean user throughput, respectively. Operator A network has only DL traffic and Operator B network has DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user throughput results, respectively.
Case 2: DL+UL LAA
In the second evaluation, both Operator A and B networks support DL and UL traffic. The results available in Figure 3 and Figure 4 correspond to a 50/50 split between DL and UL traffic in both networks. Results are shown for mixed traffic model with FTP and Video traffic. The following observations can be made.
· The video conferencing users experience substantially lower outage at all system loads when the co-channel network switches from Wi-Fi to LAA operations.
· The FTP traffic users obtained higher mean and cell-edge throughputs in both DL and UL directions when the co-channel network switches from Wi-Fi to LAA operations.
· The system capacity nonreplaced Wi-Fi network increased by 40% when the co-channel network switches from Wi-Fi to LAA operations.
· The observations are qualitatively identically to those obtained for the VoIP traffic evaluation.
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[bookmark: _Ref414666702]Figure 3: Video outage with 50/50 split between DL and UL traffic where black and blue lines correspond to the non-replaced Wi-Fi coexisting with Wi-Fi and with LAA, respectively. Operator A and B network have DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user results, respectively.
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[bookmark: _Ref414666695]Figure 4: User throughput vs. served traffic per operator per AP for FTP traffic with 50/50 split between DL and UL traffic where ∇ and O correspond to 5%-ile and mean user throughput, respectively. Operator A and B network have DL and UL traffic. For LAA, licensed band PCell is not used for DL traffic. The left and right plots correspond to DL and UL user throughput results, respectively.
Conclusions
We investigated and provided voluntary additional coexistence evaluation of the video conference traffic based on Wi-Fi Alliance Mobile Multimedia requirements [3]. 
We found the conclusions on coexistence for video conference traffic to be qualitatively identical to those obtained for another delay intolerant traffic, VoIP, that had been studied extensively by companies and collected in TR 36.899:
· The video conferencing users for a Wi-Fi network experience substantially lower outage at higher system loads when the co-channel network switches from Wi-Fi to LAA.
· The FTP traffic users for a Wi-Fi network obtain higher mean and cell-edge throughputs in both DL and UL directions when the co-channel network switches from Wi-Fi to LAA.
As discussed in the introduction, there was no evidence on why the analysis and results for VoIP traffic do not apply to other delay intolerant traffic types. Our investigation and reports here confirm this for video conferencing traffic. 
Based on the findings, we propose adding the following statement to a future LS reply to IEEE 802:
· 3GPP kindly requests IEEE and the Wi-Fi Alliance to provide evidence or technical reasons for potential coexistence issues when proposing scenarios that should be investigated by 3GPP.
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Annex A: Coexistence Evaluation Assumptions
[bookmark: _GoBack]The simulation assumptions are based on the agreed coexistence assumptions in [2]. However our simulation settings 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. A maximum channel occupancy time of 4ms is assumed for LAA. Finally, Table 1 and Table 2 capture our assumptions for Wi-Fi and LAA systems, respectively.
[bookmark: _Ref414616232]Table 1: Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	Open loop 2x2 MIMO
QPSK/16QAM/64QAM/256QAM

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500B MSDU + 14 B header

	Max PPDU duration
	Baseline:< 4 ms 
(Asynchronous to LTE timing)

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Per EDCA

	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
	For the DL-only LAA coexistence evaluations:
· DL traffic only for the replaced Wi-Fi network
· DL and UL for the non-replaced Wi-Fi network 

	Rate control
	Same as used in LAA

	OFDM symbol length
	4 micro second

	AP contention window
	CWmin=15, CWmax=63

	UE contention window
	CWmin=15, CWmax=1023

	Defer period
	43 micro second including 3 CCA slots following 16 micro second period



[bookmark: _Ref414616236]Table 2: 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

	Channel selection
	Based on the minimum interference level while ensuring that each unlicensed carrier is shared by two operators in each cluster

	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

	CCA slot size
	9 micro second

	Defer period
	43 micro second including 3 CCA slots following 16 micro second period
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