Page 1



3GPP TSG-RAN WG1#79
R1-144738
San Francisco, USA, 17 – 21 November 2014
Agenda Item:

6.3.2.2
Source:


Samsung
Title:


Initial evaluation results on LAA
Document for:

Discussion and decision
1 Introduction

In RAN1#78bis, general scenarios for coexistence evaluation and evaluation methodologies for LAA were discussed and followings were agreed:

Agreements:
· Scenarios for coexistence evaluations include
· Indoor (based on SCE 3 + unlicensed band)

· Outdoor (based on SCE 2a + unlicensed band)
· Different licensed carrier for small cell and macro

· UE(s) attached to Macro layer not evaluated
· Note: more than one carrier can be considered for the unlicensed carrier
· Note: evaluation scenarios do not restrict the design target scenario for LAA

· Note: Outdoor case should show Macro in F1 when these scenarios will be captured in TR
Agreements:
· Wi-Fi-LAA coexistence

· For each UE and eNB/AP drop

· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.

· Performance metrics for the Wi-Fi operator common to the two steps are compared.

· LAA-LAA coexistence

· Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.

· Performance metrics for the two LAA operators are compared.

In this contribution, based on the agreed evaluation assumptions above, we provide initial coexistence evaluation results which show performance impact to WiFi in case interfering WiFi is replaced by LAA.
2 Evaluation assumptions for LAA

On top of the above evaluation assumptions which were agreed in the last RAN1 meeting, the followings are further assumed for the evaluation:
· Carrier selection: Energy-based channel selection

· LBT requirements: LBE and FBE
· Loading factor: Accumulated time when a packet is in the buffer / total simulation time

Further details are described below.

Carrier selection:

Based on the number of available channels, each AP/eNB needs to select its operating channel at the beginning of simulation. For Wi-Fi, a channel with the least number of neighbours is selected. If there are multiple channels with the same number of neighbours, the channel with the lowest received energy is selected. Energy-based channel selection scheme is assumed for LAA. If there are multiple channels with the same level of received energy, the channel is randomly selected. Note that once an AP/eNB selects a channel the selected channel is not changed during evaluation, i.e. dynamic carrier selection is not considered.

Listen-before-talk (LBT) requirement:

To meet regulatory requirements and coexist with other technologies, LAA frame structures based on both load-based equipment (LBE) and frame-based equipment (FBE) are evaluated. For LBE-based LAA operation, it is assumed that to the channel can be reserved until the next subframe boundary if ECCA(Extended clear channel assessment) operation is finished before the subframe boundary.
Traffic load:
As mentioned in companion contribution [5], current definition of resource utilization might not be adequate to evaluate performance in different traffic load conditions since resource utilization could be determined not only user arrival rate/file size but also listen-before-talk operation in both Wi-Fi and LAA. Therefore, following definition of loading per cell is considered for evaluation

· Loading factor: Accumulated time when a packet is in the buffer / total simulation time
Further detailed evaluation assumptions for evaluation are summarized in Table 1.
Table 1: Simulation parameters for LAA and Wi-Fi
	Parameter for Wi-Fi and LAA
	Values 

	Layout (indoor)
	AP/eNBs are equally spaced in the center of the building

	Unmanaged Wi-Fi
	N/A

	Carrier number
	4

	Number of AP/eNBs
	4 per operator

	Transmit power
	18dBm

	UE bandwidth
	Unlicensed band for both Wi-Fi and LAA UE 

	Number of UEs
	40UEs per operator

	Traffic model
	FTP model 3 with 0.1 Mbyte file size

	Network synchronization
	Nodes of an operator are synchronized and time-aligned

	MCS
	Up to 64QAM for both Wi-Fi and LAA

	Parameter for Wi-Fi
	Values 

	MAC
	DCF

	
	SIFS(16μs), DIFS(34μs)

	RTS/CTS
	N/A

	Contention window
	15 ~ 1023 slot

	Slot duration
	9μs

	CCA
	-62dBm for energy detection

-82dBm for preamble detection

	Frame aggregation
	A-MPDU

	Rate control
	Minstrel


3 Initial evaluation results

In order to evaluate Wi-Fi – LAA coexistence, the following two steps are evaluated as agreed in the last RAN1 meeting and the performance of the Wi-Fi operator common to the two steps is provided below.

· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators, and performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
Figure 1 shows the UPT gain of Wi-Fi in the step 2 over the Step 1 according to different LBT assumptions in case of 60% loading condition. 
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Figure 1 UPT performance of Wi-Fi according to different LBT operation of LAA 

From the result, it is observed that without LBT operation of LAA, Wi-Fi performance is significantly degraded due to LAA. However, once LBT is operated in LAA, it does not provide any negative impact to Wi-Fi in both FBE and LBE cases, even providing performance gain to WiFi. Such performance gain would be resulted by high spectral efficiency of LTE operations such as link adaptation, HARQ, and so on. That is, LAA could deal with overall packet transmission more efficiently than WiFi, which may provide more opportunity to other equipments to use the channel. It is also observed that for the Wi-Fi performance perspective, FBE-based LAA could provide better coexistence with Wi-Fi than LBE. 
Observation 1: Based on the results in case of 60% loading, it could be observed that LAA might not provide negative impact to Wi-Fi if LBT operation is considered in LAA. 

Figure 2 shows the UPT gains of LAA based on FBE and LBE over LAA without LBT. According to the result, it is observed that performance of LAA itself is reduced than the case without LBT operation due to LBT operation of LAA which results in OFF periods of LAA. It is also observed that since LBE-based LAA operation could have more opportunity to access the channel, performance of LBE-based LAA is higher than FBE since it could take more chances to acquire the channel than FBE.
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Figure 2 UPT performance of LAA according to different LBT operation of LAA 
It is worth to note that, depending on the different traffic loading, nodes density, and implementation aspects of FBE and LBE, overall coexistence performance could be different in different scenarios. Therefore, both FBE and LBE based LAA operation would need to be further studied by taking practical and various evaluation scenarios into account.

Observation 2: Further study on LBT operation in LAA would be needed by taking practical aspect of FBE and LBE-based LBT operation and various evaluation environments into account

4 Conclusions

In this contribution, we provided a preliminary coexistence results for LAA. The following observations were made:
Observation 1: Based on the results in case of 60% loading, it could be observed that LAA might not provide negative impact to Wi-Fi if LBT operation is considered in LAA. 
Observation 2: Further study on LBT operation in LAA would be needed by taking practical aspect of FBE and LBE and various evaluation environments into account
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