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1
Introduction

As indicated in the licensed-assisted access (LAA) SID proposal [1], LTE-LAA feasibility study might be integrated into the existing carrier aggregation (CA) functionality that unlicensed channels at 5GHz band shall be added as another component carriers with some modifications required to be accessed in the unlicensed bands.  Based on many previous contributions shown in LTE-LAA workshop from participating groups, it is of high priority that supplementary downlink (SDL) configuration is the first step to be completed in the development stage, leveraging the existing carrier aggregation framework.
Although consideration of allowing UL in the unlicensed bands is expected in the second phase, SDL mode seems as a primary access scheme for LTE-LAA deployments in the current working assumption.  This refers that control signals are transmitted through licensed bands, and no special feedback of signals via unlicensed band from UE is allocated for the SDL mode.  This also implies virtual carrier sensing algorithms for hidden node problem are fundamentally limited because UL transmission in the unlicensed band is not allowed when co-channel coexistence case is assumed.  In this contribution, we first discuss inevitable hidden node problem that applies to LTE-LAA deployment scenarios, and then discuss two general approaches to deal with it.
2
Scenarios with hidden nodes
As the deployment scenarios considered in the SI proposal assume utilisation of low power small cells, similar coverage compare to IEEE 802.11 WiFi devices are expected for LTE-LAA service.  Since the IEEE 802.11 WiFi AP and STA devices are deployed with random geographical locations, the LTE-LAA capable UE is always exposed to the hidden node problem, illustrated in Fig. 1.  The transmit signal from Scell 2 eNB or WiFi devices is out of range of Scell operator 1 eNB.  Each nodes in connection with UE are in communication range, but the nodes eNB 2, WiFi AP, or WiFi STA cannot communicate with eNB 1, as they do not have physical connection to each other.  Thus, eNB 2, WiFi AP, and WiFi STA are hidden from eNB 1.
Unlike the predicted other cell interference experienced by the UE in the licensed band deployment scenario, power, duration, and format of interfering signals are unknown, and they are generated randomly.  Therefore, existing LTE advanced techniques devised for interference avoidance or coordination among TPs cannot be executed for LTE-LAA.  As reception of unknown interfering signals appears random at UE’s point of view, report of incoming interference profile (i.e. power, pattern, or duration) to licensed band cannot be achieved in a timely manner, as processing delay of UL subframe by eNB exceeds the period for existing/typical carrier sensing period1.  Moreover, SDL mode prohibits transmission in the unlicensed band, a limiting factor for application of virtual carrier sensing mechanisms.  In addition, measurement gap operation in the unlicensed band cannot be utilised for estimating interference profile because incoming time of interference signal is unknown to UE.
Due to similar coverage of small cell compared to the existing WiFi and other devices in the unlicensed bands, probability of the well-known hidden (as well as exposed) node problem appears as often as that WiFi network fundamentally has, even if carrier sensing multiple access / collision avoidance (CSMA/CA) mechanism is applied to the LTE-LAA wireless network.  Unless transmission of virtual carrier sensing mechanism (e.g. RTS/CTS) is employed to let devices mutually understand each other’s signal/message, probability of packet collision at the receiver side of the UE increases linearly as the density of devices sharing the same spectrum increases, leading to overall deteriorated throughput and user experience.  

 For clear channel assessment time, carrier sensing duration is about 4us with input power higher than -62dBm for 20MHz bandwidth. 
Although dynamic frequency selection (DFS) mechanisms can be extended to avoid and to find unused channel (e.g. UE reports unlicensed band channel scanning result to the serving eNB), unused channel may not exist.  Then, to handle random interference induced by hidden node problem, alternatives are: 
1. Postponing/prohibiting use of unlicensed bands.
2. Use WiFi’s virtual carrier sensing function temporarily when in-device coexistence situation is provided.
3. Overcoming the interference by proper selection of modulation and coding scheme (MCS) based on SINR value.
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Figure 1 Out of range interference signal exposed to the serving UE

To this end, it is possible that eNB 1 belonging to Scell operator A may transmit DL shared channel without the knowledge of interference reception by the UE.  There are possible general methods to cope with hidden node problem.  In the follows sections, we briefly overview possible methodologies. 
3
Exploiting in-device coexistence configuration for solving hidden node problems 
As stated in the objective section of the SI proposal [1], devices should be able to detect WiFi networks during LAA operation (note that this does not imply concurrent LAA+WiFi reception/transmission).  This implies that transmission/reception of WiFi network signal is possible during LAA operation in SDL mode.  Therefore, to solve the hidden node problem, LAA capable eNB/UE can utilise virtual carrier sensing mechanism already defined in the IEEE 802.11 distributed coordination function (DCF), known as ready-to-send and clear-to-send (RTS/CTS) handshaking protocol for a specified period of time.  A RTS/CTS example defined in DCF is illustrated in the following figure:
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Figure 2 – Example of RTS/CTS based virtual carrier sensing mechanism
In Fig. 2, the RTS signal contains broadcast information known as network allocation value (NAV) to receivers in eNB’s coverage, while another NAV value is broadcasted through CTS to receivers in UE’s coverage.  By sending of NAV values, devices in eNB or UE’s range can defer transmission until the specified time period set by NAV.  However, the RTS/CTS based virtual carrier sensing mechanism in DCF is designed for point to point network configuration only.  In contrast, the LTE is designed for point to multi-point (or vice versa) transmission.  Thus, an ambiguity problem for eNB exists such that identification of CTS sender is unknown.  Nevertheless, RTS/CTS mechanism is still an effective way to deal with hidden terminals that affect UE signal reception.
4
Link performance analysis in interference limited environment without virtual carrier sensing mechanism
As UE is prone to receiving interference particularly in SDL mode from other users of unlicensed spectrum including other LTE-LAA services, we investigate the link performance of interference limited LTE-LAA scenario by hidden terminals.  Current LTE DL frame format is chosen for link simulations in order to assess the feasibility of SDL without any use of virtual carrier sensing mechanisms.  Specifically, we present link simulation performance results for PDSCH message using the fading parameters suggested for urban micro cell environment, results are compared with the IEEE 802.11a packet with the similar message size.
Figure 3, 4, and 5 show simulated link-level performance results for all channel models of interference limited link scenarios that have been chosen for 5GHz unlicensed band communications with a PDSCH transport block size of 4992 or 6144 bits using 110 physical resource blocks.  Additionally, the results obtained from IEEE 802.11a 6Mbps mode for the message size of 768 bytes have also been put into the figures for the purpose of comparison.  Three different link scenarios have been chosen for DL communications as listed in Table 1.  Further details of the propagation channel implementation, including cluster AoA and AoD distributions for all fast fading models are described in [2].
Table 1 – LTE-U DL communications link scenarios
	
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (NLOS)

	Fading PDP
	ITU-R UMi NLOS
	ITU-R UMi O-to-I
	ITU-R InH NLOS

	UE mobility
	3km/h
	3km/h
	3km/h


Link simulations were performed with a perfect receiver implementation with an MCS 2 (4968), 6 (11448), 8 (15264) transport block PDSCH transmission occupying one subframe.  Channel coding was performed with a Release 8 turbo code.  The link simulation parameters are summarised in Table 2.

Table 2 - Link simulation parameters
	Parameter
	Value
	Comment

	eNB transmit antennas
	1
	

	UE receive antennas
	1
	

	UE direction of travel
	random
	

	Transport block size
	4968 bits
	MCS 2, QPSK, (code rate = 4992/30360), 14.29% RE’s are assigned for control channels assumed, UE category 2 assumed

	
	11448 bits
	MCS 6, QPSK, (code rate = 11520/30360), 14.29% RE’s are assigned for control channels assumed, UE category 2 assumed

	
	15264 bits
	MCS 8, QPSK, (code rate = 15336/30360), 14.29% RE’s are assigned for control channels assumed, UE category 2 assumed

	Number of resource blocks
	110
	20MHz BW

	Signal format
	PDSCH
	FDD format

	Channel coding
	turbo
	Rel. 8 TC

	CRC length
	24
	

	Cyclic prefix
	normal
	14 OFDM symbols per subframe

	SIR
	0 or -3dB
	

	Channel estimation
	perfect
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Figure 3 – Link level performance of MCS 2 (110 PRB) PDSCH in UMi and InH channels
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Figure 4 – Link level performance of MCS 6 (110 PRB) PDSCH in UMi and InH channels
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Figure 5 – Link level performance of MCS 8 (110 PRB) PDSCH in UMi and InH channels
Table 3 - Link performance; SNR required for 10% BLER
	
	TB size
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (NLOS)

	MCS 2
	4968 bits
	-4.8 dB
	-5.25 dB
	-5.1 dB

	MCS 6
	11448 bits
	3.0 dB
	1.8 dB
	2.0 dB

	MCS 8
	15264 bits
	N/A
	N/A
	N/A


It is obvious that the required SNR is only meaningful if MCS 2 and 6 are chosen for expecting successful initial transmission decoding.  For MCS 8, HARQ mechanism is essential to meet the 10% code block error rate.  We can see that even in interference limited environment, LTE-LAA can successfully transmit payloads to UE in the price of lowered spectral efficiency.  Given the SINR, it is observed that only a few low MCS levels meet the 10% BLER requirement that can be typically achieved without the HARQ process.  Nevertheless, it seems feasible that LTE-LAA is operational even in an interference heavy environment.  
To become a good neighbour to existing and future uses of unlicensed spectrum while keeping the impact to existing services operating in unlicensed bands limited, it is advised to minimize retransmission trials in the shared spectrum.  In the current LTE specification, retransmission involves at least 4 TTI (4ms), and this time is a significantly long time period consumed for WiFi device’s perspective.

Due to reception of unknown interfering signals in hidden node scenario, knowledge/estimation of SINR value might greatly improve the LTE-LAA link performance.  This is not insignificant and provides justification for work item be discussed. 
Based on figures above we have 3 observations:
Observation 1: If low MCS mode is not suitable, HARQ can be effective alternative for overcoming interference limited channel environment for LTE-LAA SDL.

Observation 2: Information on SINR level at eNB leads to spectrally efficient SDL transmission.

5
Discussion / conclusion 
In this contribution, we discussed the issue on random interference generated by hidden terminals.  The work item regarding LTE-LAA shall have an open discussion on this issue.  Regarding the interference generated by hidden terminals, two general methodologies were presented.  First is the RTS/CTS approach, and second is lower modulation and coding approach.  In the end, however, various methods should be discussed during the work item phase.

In conclusion the following proposals are made:

Proposal 1:  Work item regarding hidden node problems be addressed in the feasibility study on LAA to unlicensed spectrum technical report.
Proposal 2:  For severely interference limited co-channel coexisting environments, virtual carrier sensing mechanisms such as RTS/CTS could help reduce interference by hidden node problems in LAA UL+DL mode.  This may involve coordinating radio modems other than LTE during LAA operation.
Proposal 3:  For spectrally efficient DL in shared unlicensed spectrum, mechanisms to estimate/report SINR to the serving eNB could be useful.
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