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1. Introduction

In RAN1#78bis, the following functionalities are agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1].

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
These functionalities can be considered as minimum functionalities to be introduced for LAA for coexistence with various types of networks since those functionalities are directly or indirectly mandated in some regions/bands in 5GHz unlicensed spectrum. Among those functionalities, carrier selection is a basic functionality since selecting a carrier frequency within a wide spectrum in unlicensed band can be an easiest way and the first step for efficient coexistence with other networks.

This paper discusses the candidate operations for carrier selection considering coexistence of intra/inter-operator LAA networks and different technology (RAT) networks. This paper also discuss other coexistence schemes to be considered in LAA study in addition to the minimum functionalities which we already agreed.
2. Carrier selection
Assuming carrier selection is per-cell operation, main motivation of carrier selection for a given LAA cell should be to select a carrier frequency where interference between the given LAA cell and other cells can be minimized. Especially, assuming intra-operator LAA cells are planned and coordinated well to operate with a frequency reuse factor 1, carrier selection in the first step should be in such way that interference between the given LAA cell and other operator’s LAA cells and/or other RAT nodes are minimized. It should be also noted that carrier selection doesn’t occur only during the cell initial set up, but also carrier reselection can be necessary in the middle of the cell operation.
Suggestion 1: Motivation of carrier (re)selection in the first step is to minimize the interference between the given LAA cell and other operator’s LAA cells and/or other RAT nodes

2.1. Candidate information for carrier selection
For the carrier selection operation, eNB should perform measurements on candidate carrier frequencies while UE may also do assistant measurements if there are associated UEs to the eNB. Objectivity of the measurement for carrier selection can be largely categorized by energy measurement and signal detection.
· Energy measurement

With energy measurement, eNB measures received energy on candidate carriers. Based on the measurement result, eNB may select a carrier where minimum energy has been measured. To measure energy transmitted from inter-operator/RAT nodes separately from the energy transmitted from the intra-operator nodes, a common silent period between intra-operator nodes can be necessary.
· Signal detection
eNB may detect other nodes transmit signals such as PSS/SSS/CRS/DRS, WiFi beacon, etc. Signal detection can provide more concrete information on what kind of networks are operating around the given eNB. On the other hand eNB should do wide range of blind detection of other nodes’ transmit signals since eNB doesn’t know about, for example, cell ID or SSID of the potential neighbour eNBs/APs and the inter-operator/RAT network nodes are not synchronized with the given eNB. Especially for the inter-operator LAA cells, transmit signals from different operators can be differentiated by different signal groups if coordination between operators is possible.
Sharing this information between LAA cells can be useful to optimize the carrier selection based on the full picture of carrier frequency topology. Therefore, LAA nodes may share the measurement information via backhaul. Even inter-operator LAA nodes may share the information via very basic backhaul set up through, e.g. internet.

Suggestion 2: Consider both energy measurement and signal detection as the measurement for carrier selection where energy/signal from inter-operator/RAT nodes may be discriminated from that from intra-operator nodes
3. Other schemes for coexistence
Considering carrier selection and LBT as prerequisite functionalities for coexistence of LAA in unlicensed spectrum, there are other aspects to consider for the coexistence of LAA, that is, configurability of LBT and hidden node problem. In this section, we discuss these aspects and suggest candidate approaches.
3.1. Configurability of LBT

While introduction of LBT is mandatory by regulation in some regions/bands, it should be studied if LBT is beneficial for all scenarios for LAA deployment. Since LTE design is optimized for the cellular operation with frequency reuse factor 1, it seems straight forward DL/UL transmission with normal eNB scheduling without LBT operation will be enough at least for the case where a single operator LAA cells are well planned for frequency reuse factor 1. It should be noted that kind of cell on/off operation may be still necessary even without LBT operation to be compliant with the regulation on maximum occupation time in some regions/bands and to share the spectrum with a potential coexisting inter-operator/RAT nodes whose existence is not detected.
Figure 1 shows system level evaluation results with single LAA operator networks with and without LBT operation, where the detailed simulation assumptions are shown in the annex. As the result shows, single LAA operator network with appropriate cell planning without LBT operates better compared with the case with LBT.
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Figure 1. LAA system performance according to the LBT operation (Indoor, 4.5 packets/s/cell)
Based on the observations, to minimize or avoid unnecessary overheads caused by LBT operation depending on the LAA deployment scenarios, some configurability can be introduced for LBT operation which may include:
· Configurability of LBT parameters such as back-off time, CCA threshold, maximum transmission time, etc.

· Configurability of LBT operation on/off

Suggestion 3: configurability of LBT parameters should be considered including configurability of LBT operation on/off

3.2. Handling interference problem
In case of inter-operator/RAT coexistence, LBT can be a main solution to cope with the un-coordinated interference caused by different interference sources. However, interference undetected by a carrier sensing node is still a problem to be resolved even with LBT, which is well-known as “hidden node problem”.

Figure 2 depicts the representative scenarios of undetected interference. 

In figure 2(a), UE2’s transmit power undetected by eNB1 causes interference to UE1’s reception, which we call “cross-link interference problem” between DL and UL. It should be noted that this problem occurs even within a single operator’s network if neighbour nodes’ DL/UL timings are not aligned well. Similar cross-link interference problem can occur between eNBs if the eNBs are located closely to each other due to, for example, uncoordinated inter-operator networks deployment.

In figure 2(b), eNB2’s transmit power undetected by eNB1 caused interference to UE1’s reception, which we call “self-link interference problem” in DL. Similarly, UE transmission close to another operator’s eNB can cause UL self-link interference problem when UEs and eNBs belonging to different operator’s networks are located closely.

[image: image2.emf]eNB1 eNB2

UE1 UE2

interference

       [image: image3.emf]eNB1

eNB2

UE1

UE2

interference


(a) cross-link interference                   (b) self-link interference
Figure 2 potential interference problems
In general, LTE system is expected to be more robust to hidden node interferences compared to other technologies such as WiFi, etc. since LTE design is based on the frequency reuse factor 1. That is, MCS adaptation by CSI, power control, fast data recovery by HARQ and ICIC schemes makes LTE system operates efficiently in co-channel or adjacent channel interference environments. Therefore, significance of hidden node problem to LTE system should be studied to introduce solutions to resolve the problem. As for the solutions to the potential problem, several straight forward candidates can be considered as follows.

· Scheme 1. eNB TX – UE TX separation in frequency domain
An LAA cell may select more than 1 carrier as operating carriers to separate eNB’s transmission and UE’s transmission in frequency domain to avoid cross-link interference. This scheme works without any timing alignment between intra-operator LAA nodes and even for inter-operator deployments if carrier frequencies can be coordinated between operators. Also, frequency separation can be rather in a soft manner than hard splitting for efficient frequency resource utilization. For example, carrier frequency F2 can be used for eNB transmission only while carrier frequency F1 can be used for both eNB and UE transmission as depicted in figure 3.
· Scheme 2. eNB TX – UE TX separation in time domain

If timing synchronization is possible among intra-operator LAA cells, UE’s transmission and reception can be separated in time domain to avoid cross-link interference. Time separation can be rather in a soft manner than hard splitting for efficient frequency resource utilization. For example, time period T2 can be used for eNB transmission only while time period T1 can be used for both eNB and UE transmission as depicted in figure 3..
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Figure 3 UE TX-RX separation

· Scheme 3. RX node initiates muting of neighbour nodes

While scheme 1 or 2 above doesn’t involve introducing any new signaling in LAA, it can be considered introducing a broadcast signaling which is initiated by RX node to mute neighbour nodes for a given time duration to prevent interference, which is similar with the virtual NAV setting operation in WiFi [2]. While this approach can address not only inter-link interference problem but also intra-link interference problem in case of inter-operator LAA deployments, complexity in signal design and eNB/UE operation to detect inter-operator eNB/UE’s broadcast signal should be studied further.
Suggestion 4: Following candidate solutions can be considered further to address potential interference problems in LAA
· To address intra-operator (and potentially inter-operator) cross-link interference problem in both synchronous/asynchronous network: 
· eNB TX – UE TX separation in frequency domain
· To address intra-operator cross-link interference problem in synchronous network: 
· eNB TX – UE TX separation in time domain

· To address intra/inter-operator cross/self-link interference problem: 
· RX node initiates muting of neighbour nodes
4. Summary and conclusions

This paper discussed the candidate operations for carrier selection considering coexistence of intra/inter-operator LAA networks and different technology (RAT) networks. This paper also discussed other coexistence schemes to be considered in LAA study in addition to the minimum functionalities which we already agreed. Suggestions from the discussion are summarized as follows:

Suggestion 1: Motivation of carrier (re)selection in the first step is to minimize the interference between the given LAA cell and other operator’s LAA cells and/or other RAT nodes

Suggestion 2: Consider both energy measurement and signal detection as the measurement for carrier selection where energy/signal from inter-operator/RAT nodes may be discriminated from that from intra-operator nodes
Suggestion 3: configurability of LBT parameters should be considered including configurability of LBT operation on/off

Suggestion 4: Following candidate solutions can be considered further to address potential interference problems in LAA

· To address intra-operator (and potentially inter-operator) cross-link interference problem in both synchronous/asynchronous network: 

· eNB TX – UE TX separation in frequency domain
· To address intra-operator cross-link interference problem in synchronous network: 

· eNB TX – UE TX separation in time domain

· To address intra/inter-operator cross/self-link interference problem: 

· RX node initiates muting of neighbour nodes
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Annex: system simulation assumptions

Table A: Indoor scenario

	Layout for nodes
	The small cells are equally spaced in the center of the building for all nodes.

 SHAPE  \* MERGEFORMAT 





	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.0GHz

	Carrier number
	X (Number of nodes of each operator)
Y (Number of carrieres)
· X = 4, Y = 1

	Total BS TX power
	18 dBm (Ptotal per carrier) 

	Total UE TX power 
	18 dBm

	Distance-dependent path loss
	ITU InH [referring to Table B.1.2.1-1 in TR36.814]

	Traffic model
	FTP model 1, Packet size: 0.5 Mbytes

	BS/AP selection
	Best RSRP based cell selection

	Network synchronization
	Synchronous within the same operator 
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