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[bookmark: _Ref301342314]Introduction
In this contribution, we discuss the remaining evaluation scenarios and assumptions for the LAA study item [1] based on the agreements reached in RAN1 #78bis and the post-meeting email discussion (78bis-05) [2].
Discussion on remaining coexistence evaluation assumptions
Co-dependence of frequency and number of active UEs for operator networks
One indoor and one outdoor scenario were agreed in RAN1 78bis. For both scenarios, different proposals on 
· number of available unlicensed band frequencies (Y)
· number of UEs 
· number of serving small cells (X)
were discussed extensively during the meeting as well as in a post-meeting email discussion. It’s our view that these three numbers should be connected and together they should make or approximate a reasonable practical deployment case. Since the agreed baseline traffic model is for each UE to drive meaningful traffic load in the system simulator, the number of UEs to be modelled in the system simulations should consider only active UEs and does not include idle UEs that are not driving traffic. 
There are hundreds of MHz, and more than 500MHz in some regions, of unlicensed 5GHz spectrum available for deploying wireless access systems. For any technology, when deploying an additional node, the first rule for achieving high-performance for the new node itself as well as for the existing nodes is to scan the available channels and select one that would receive least interference for the node itself and cause least interference to existing nodes. Moreover, the wide spectrum availability allows operators to assess the traffic load and to partition the load into a suitable number of serving frequencies with an aim to balance the operator CAPEX/OPEX and user experience. Therefore, for an operator deployed high-performance Wi-Fi or LAA network, the number of active UEs per serving frequency is managed at a reasonable level. Hence, our proposal is to tie the number of active UEs with the number of available frequencies for each operator network.
Proposal:
· U = 15 active UEs per unlicensed band frequency per operator
The number of small cells can be decided based on the number of frequencies and small cell coverage of the scenario with aim of realistic balance of CAPEX/OPEX and user experience for the operator. Based on the above considerations from an operator’s point view, we believe the following two scenario setups can be studied:
· Y = 4 unlicensed band frequencies to share, X = 4 small cells and 60 active UEs per operator
· Y = 1 unlicensed band frequencies to share, X = 2 small cells and 15 active UEs per operator
Wi-Fi beacon frame modeling
Each Wi-Fi AP transmits a beacon frame periodically to allow Wi-Fi devices to attach to the network. It’s proposed to model the Wi-Fi beacon frame transmissions with the following typical parameters used by the majority of Wi-Fi APs in the market:
Proposal: Wi-Fi beacon frame transmission is modeled in the coexistence evaluations  
· Target beacon transmission time: every 100 ms
· Timing randomized between APs
· Beacon frame duration: 500 μs
Channel selection order
It’s our proposal that, in the system simulations, the nonreplaced Wi-Fi network selects the channels for the APs first. This enables the non-replaced Wi-Fi network to achieve highest performance. The same channel selection for this non-replaced Wi-Fi network shall be used in the two simulation runs in which the second network is either Wi-Fi or LAA.
The second network (Wi-Fi or LAA) shall take the existing radio conditions generated by the non-replaced Wi-Fi network as given and select channels for its APs or eNBs to achieve high performance and good coexistence.
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Indoor small cell layout
For indoor small cell layout, we support the majority view of having certain randomization of the inter-operator separation in the system simulation. The minimum separation should not be shorter than 3m. All the nodes are centered with respect to the shorter dimension of the building.
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Unmanaged Wi-Fi APs and UEs
There has also been discussion on adding unmanaged Wi-Fi APs in the building for the indoor scenario. This can be an optional scenario for study. However, the layout and load of these unmanaged Wi-Fi APs should be agreed so companies that want to study this scenario can have comparable results.
Optional indoor unmanaged Wi-Fi:
· An unmanaged Wi-Fi AP is placed in the center of one of the 16 compartments in the indoor layout.
· There is one active UE served by each unmanaged Wi-Fi AP randomly placed in the same compartment.
It has been agreed from the email discussion that all the UEs in the outdoor scenarios are considered as outdoor. Since unmanaged Wi-Fi APs are placed indoor in practice and noting the penetration loss of the 5GHz bands, it’s our proposal that only operator networks are modeled for the outdoor scenario.  
Traffic models
For phase 1 coexistence evaluation of DL-only LAA solutions, 100% of the data traffic is DL for both Wi-Fi and LAA networks. However, the Wi-Fi ACK frames sent by the UEs should be modeled.
For phase 2 coexistence evaluation of TDD LAA solutions, data traffic for both Wi-Fi and LAA networks is 80% DL and 20% UL [3]. The Wi-Fi ACK frames sent by the UEs should be modeled.
The UEs modeled in the system simulations are active UEs with DL traffic. Therefore, we propose 0.5MB for the FTP traffic models as a good balance between studying the throughput/latency performance metrics.

Optional VoIP traffic model:
Additional VoIP traffic models have been proposed and discussed by companies. This can be an optional traffic scenario for study. However, the parameters of the optional VoIP traffic should be agreed so that companies that want to study this scenario can have comparable results. We think the following proposal from Intel is a reasonable setup for the optional real-time traffic study [2]:
· For the non-replaced Wi-Fi network, V = 2 VoIP UEs per unlicensed band frequency per operator can be introduced 
· The VoIP model can be based on G729A
UE cell association and bandwidth
It has been agreed that, in the outdoor scenario, all UEs are dropped in the cluster. It has also been agreed that the same UE/small cell positions shall be reused between coexistence evaluation step 1 and step 2. The UE selects the small cells to associate based on RSRP.
A UE associated with a Wi-Fi AP is served by a 20MHz unlicensed band carrier. 
An operator UE associated with a LAA small cell is served by a 20MHz unlicensed band carrier and a 10MHz licensed band carrier. The licensed band carrier is an additional asset an operator can utilize to enhance coexistence with other technologies in the unlicensed band.
Common parameters for Wi-Fi and LAA
To make the study results applicable globally, the output powers in the unlicensed band for Wi-Fi AP/UE and LAA eNB/UE in the unlicensed band can be set to 18 dBm.
For network synchronization, the baseline is that small cells are synchronized within the same network but not synchronized across networks.
For both Wi-Fi and LAA, the DL MIMO configuration is 2Tx2Rx (cross-polarized). Our view is to include 256QAM for both systems.
The performance metrics for coexistence evaluation are
· User throughput CDF for FTP model users
· Number of VoIP users whose 98% delay > 50 ms if optional VoIP users are modeled
Additional Wi-Fi protocol assumptions
Additional parameters and assumptions for Wi-Fi protocol behaviors are listed in Table 1.
[bookmark: _Ref399334056]Table 1 Additional Wi-Fi protocol assumptions
	Parameter
	value

	TXOP
	4.096ms 
(Asynchronous to LTE timing)

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	16μs, 34μs

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	N/A

	
	Contention window
	Min : 15 slot,  Max : 1023 slot

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED
	-62dBm


[bookmark: _GoBack]Conclusions
In this contribution, we discuss and provide our views on the remaining coexistence evaluation methodology, scenarios and assumptions.
Observation: There is hundreds of MHz, and more than 500MHz in some regions, of unlicensed 5GHz spectrum available for deploying wireless access systems. The wide spectrum availability allows operators to assess the traffic load and to partition the load into a suitable number of serving frequencies with an aim to balance the operator CAPEX/OPEX and user experience.
Proposal 1: For an operator deployed high-performance Wi-Fi or LAA network, the number of active UEs per serving frequency is set to a reasonable level.
· U = 15 active UEs per unlicensed band frequency per operator
Proposal 2: Wi-Fi beacon frame transmission is modeled in the coexistence evaluations
· Target beacon transmission time: every 100ms
· Timing randomized between APs
· Beacon frame duration: 500μs
Proposal 3: For LAA and Wi-Fi coexistence evaluation, the nonreplaced Wi-Fi network selects the channels for the APs first.
Proposal 4: Randomized inter-operator separation in the system simulation is supported in the indoor scenario. All the nodes are centered with respect to the shorter dimension of the building
Proposal 5: Unmanaged Wi-Fi APs and UEs are optional for indoor scenario only.
Proposal 6: For phase 1 coexistence evaluation of DL-only LAA solutions, 100% of the data traffic is DL for both Wi-Fi and LAA networks. For phase 2 coexistence evaluation of TDD LAA solutions, data traffic for both Wi-Fi and LAA networks is 80% DL and 20% UL. However, the Wi-Fi ACK frames sent by the UEs should always be modeled. 
· The file size for the agreed FTP models is 0.5MB.
· Optional: VoIP users in the non-replaced Wi-Fi network.
Proposal 7: UEs select the small cells to associate to based on RSRP. A UE associated with a Wi-Fi AP is served by a 20MHz unlicensed band carrier. An operator UE associated with a LAA small cell is served by a 20MHz unlicensed band carrier and a 10MHz licensed band carrier.
Proposal 8: To make the study results applicable globally, the output powers for Wi-Fi AP/UE and LAA eNB/UE in the unlicensed band can be set to 18 dBm.
Proposal 9: Small cells are synchronized within the same network but not synchronized across networks.
Proposal 10: Common DL MIMO capabilities of 2Tx2Rx (cross-polarized) and 256QAM support are assumed for both Wi-Fi and LAA systems.
Proposal 11: The performance metrics for coexistence evaluation are
· User throughput CDF for FTP model users
· Number of VoIP users whose 98% delay > 50 ms if optional VoIP users are modeled
Proposal 12: Adopt the additional remaining Wi-Fi protocol assumptions listed in Table 1.
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