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1. Introduction

In RAN#65 plenary meeting, proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. The SI targets to developing LTE standards to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements, especially considering 5 GHz band. Since one of the purpose of the SI is to evaluate physical layer options for LAA design, deployment scenarios for the evaluation should be set up to progress with the SI.
In this paper, we discuss deployment scenarios which should be mainly focused on during the LAA SI for the design and evaluation of physical layer options. LAA deployment scenarios can be largely categorized in two domains. First domain considers relationship between licensed band and unlicensed band in LAA deployments. The other domain considers coexistence of different LTE operators or different RATs. The remaining sections discuss the deployment scenarios in two domains and make suggestions.
2. Deployment scenarios for LAA
2.1. Deployment across licensed band and unlicensed band

As quoted below from the SID [1], LAA design should be based on the operation of secondary cell on unlicensed band with assistance of PCell on licensed band. Moreover, secondary cell on unlicensed band cannot construct an SCG of dual connectivity by itself since unlicensed band cannot be always assumed to convey UL transmission.

	1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]


Based on the assumptions above, possible deployment scenarios of LAA can be summarized as follows. In below, “PCell” or “SCell” indicates LTE cells deployed on licensed bands and “U-SCell” indicates LTE cell deployed on unlicensed band.
· Scenario 1) CA of {macro PCell + pico SCell + pico U-SCell}
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Figure 1.  Illustration of Scenario 1)
As illustrated in figure 1, LAA UE is configured with macro PCell in licensed band to support mobility and configured with pico SCell in licensed band and pico U-SCell in unlicensed band where the two pico-cells are collocated. In this scenario, UE may maintain time synchronization of pico U-SCell based on the DL transmission from collocated pico SCell.
· Scenario 2) DC of [macro PCell + CA of {pico pSCell + pico U-SCell}]
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Figure 2. Illustration of Scenario 2)
As illustrated in figure 2, LAA UE is configured with MCG with macro PCell in licensed band to support mobility and configured with SCG consisting of pico pSCell in licensed band and pico U-SCell in unlicensed band where the two pico-cells are collocated. Difference of this scenario from scenario 1) is there is no ideal backhaul assumed between macro PCell and pico pSCell/U-SCell therefore pico U-SCell operation should mainly assisted by pico pSCell with restricted functionalities allocated to SCG pSCell. Still, UE may maintain time synchronization of pico U-SCell based on the DL transmission from collocated pico SCell.
· Scenario 3) CA of {pico PCell + pico U-SCell}
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Figure 3.  Illustration of Scenario 3)
As illustrated in figure 3, LAA UE is configured with pico PCell in licensed band and pico U-SCell in unlicensed band where the two pico-cells are collocated. In this scenario, UE may maintain time synchronization of pico U-SCell based on the DL transmission from collocated pico PCell as in scenario 1) or scenario 2) above. On the other hand, UE should perform hand over to macro layer if it moves outside the pico PCell coverage area.
· Scenario 4) CA of {macro PCell + pico U-SCell}
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Figure 4.  Illustration of Scenario 4)
As illustrated in figure 4, LAA UE is configured with macro PCell in licensed band and pico U-SCell in unlicensed band. In this scenario, UE should acquire time synchronization on U-SCell based on the synchronization signal transmitted on U-SCell due to the potential reception timing difference of up to around 33us between PCell and U-SCell since macro PCell and pico U-SCell are not collocated. In this scenario, UE’s mobility can be handled by macro PCell.
Proposal 1:  As for LAA deployment scenarios, following deployment scenarios are considered in respect of deployment across licensed band and unlicensed band. 
· Scenario 1) CA of {macro PCell + pico SCell + pico U-SCell}

· Scenario 2) DC of [macro PCell + CA of {pico pSCell + pico U-SCell}]

· Scenario 3) CA of {pico PCell + pico U-SCell}

· Scenario 4) CA of {macro PCell + pico U-SCell}

2.2. Coexistence between different operators/RATs
As quoted below from the SID [1], LAA design should consider coexistence with other RATs on unlicensed band such as WiFi system and evaluate the coexistence performance. Moreover, LAA design should also target to robust coexistence of LTE networks belonging to different operators deployed in same unlicensed band, where no special cooperation between operators may be assumed.
	· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]
The study will cover both single and multi-operator scenarios, including the case where multiple operators deploy LTE in the same unlicensed spectrum bands. 


Deployment scenario between inter-operator LTE networks can be regarded equivalent with deployment scenario between LTE network and other RAT such as WiFi. Based on this assumption, possible deployment scenarios for coexistence between different LTE operators or RATs can be summarized as follows. In the following, we use WiFi as representing other RATs than LTE
· Scenario a) Indoor LTE eNB

eNBs of a same operator are deployed in a same building and there is no coexisting inter-operator/RAT. UEs are also assumed to be deployed in the same building.

· Scenario a-coex) Indoor LTE eNB (operator A) + Indoor LTE eNB (operator B) or WiFi AP
Inter-operator/RAT eNBs/APs are deployed in a same building. UEs/STAs belonging to different operators/RATs are also assumed to be deployed in the same building.
· Scenario b) Outdoor LTE eNB

eNBs of a same operator are deployed in outdoors in a given geometrical area and there is no coexisting inter-operator/RAT. UEs are also assumed to be deployed in the same geometrical area where the UEs can be randomly selected to be indoors or outdoors.

· Scenario b-coex) Outdoor LTE eNB (operator A) + outdoor LTE eNB (operator B) or WiFi AP

Inter-operator/RAT eNBs/APs are deployed outdoors in a given geometrical area. UEs/STAs belonging to different operators/RATs are also assumed to be deployed in the same geometrical area where the UEs/STAs can be randomly selected to be indoors or outdoors.

· Scenario c) Outdoor/indoor LTE eNB

eNBs of a same operator are deployed in outdoors in a building or outdoors in a given geometrical area and there is no coexisting inter-operator/RAT. UEs are randomly distributed in the same geometrical areaso that UEs can be randomly selected to be in the same building or outdoors.

· Scenario c-coex) Outdoor/indoor LTE eNB (operator A) + outdoor/indoor LTE eNB (operator B) or WiFi AP

Inter-operator/RAT eNBs/APs are deployed in a building or outdoors in a given geometrical area. UEs/STAs belonging to different operators/RATs are randomly distributed in the same geometrical area so that UEs/STAs can be randomly selected to be in the same building or outdoors.

Among those three scenarios above, scenario a-coex) can be prioritized since indoor hot spot and coexistence between inter-operator/RAT would be an important scenario in LAA deployment.
Proposal 2:  As for LAA deployment scenarios, following deployment scenarios are considered in respect of coexistence of inter-operator/RATs, where scenario a-coex) is prioritized.

· 
Scenario a) Indoor LTE eNB 
· Scenario a-coex) Indoor LTE eNB (operator A) + Indoor LTE eNB (operator B) or WiFi AP
· Scenario b) Outdoor LTE eNB
· Scenario b-coex) Outdoor LTE eNB (operator A) + outdoor LTE eNB (operator B) or WiFi AP
· Scenario c) Outdoor/indoor LTE eNB
· Scenario c-coex) Outdoor/indoor LTE eNB (operator A) + outdoor/indoor LTE eNB (operator B) or WiFi AP
2.3. eNB/UE transmission in unlicensed band

As quoted below from the SID [1], LAA design should consider DL only scenario and scenario which contains UL and DL in unlicensed band. For UL/DL scenario eNB transmission and UE transmission in unlicensed band can be separated either time domain or frequency domain and both cases should be studied during SI.
	2) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

High priority should be on the completion of the DL only scenario.


Proposal 3:  As for LAA deployment scenarios, both eNB transmission only and eNB/UE transmission in unlicensed band are considered. For eNB/UE transmission scenario, both time domain separation and frequency domain separation of eNB/UE transmission should be considered.
3. Summary and conclusions
In this contribution, we discussed deployment scenarios which should be main focus during the LAA SI for the design and evaluation of physical layer options. The suggestions of this paper are summarized as follows.
Proposal 1:  As for LAA deployment scenarios, following deployment scenarios are considered in respect of deployment across licensed band and unlicensed band. 

· Scenario 1) CA of {macro PCell + pico SCell + pico U-SCell}

· Scenario 2) DC of [macro PCell + CA of {pico pSCell + pico U-SCell}]

· Scenario 3) CA of {pico PCell + pico U-SCell}

· Scenario 4) CA of {macro PCell + pico U-SCell}

Proposal 2:  As for LAA deployment scenarios, following deployment scenarios are considered in respect of coexistence of inter-operator/RATs, where scenario a-coex) is prioritized.

· 
Scenario a) Indoor LTE eNB 
· Scenario a-coex) Indoor LTE eNB (operator A) + Indoor LTE eNB (operator B) or WiFi AP
· Scenario b) Outdoor LTE eNB
· Scenario b-coex) Outdoor LTE eNB (operator A) + outdoor LTE eNB (operator B) or WiFi AP
· Scenario c) Outdoor/indoor LTE eNB
· Scenario c-coex) Outdoor/indoor LTE eNB (operator A) + outdoor/indoor LTE eNB (operator B) or WiFi AP
Proposal 3:  As for LAA deployment scenarios, both eNB transmission only and eNB/UE transmission in unlicensed band are considered. For eNB/UE transmission scenario, both time domain separation and frequency domain separation of eNB/UE transmission should be considered.
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