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1 Introduction
Licensed-Assisted Access using LTE (LAA) is considered as a potential solution to provide an efficient use of unlicensed spectrum as a complement to LTE licensed spectrum. At RAN #65, a new Rel-13 LAA SI [1] was approved to study the feasibility and evaluate LTE enhancements for a single global solution framework of LAA to unlicensed spectrum. LAA SI focuses on LTE Carrier aggregation configuration and architecture where unlicensed carrier is configured as a SCell assisted by licensed PCell or SCell.  
The following is a list of main areas for LAA SI [1]. 
· Define evaluation methodology and possible scenarios (RAN1)
· Document the relevant requirements and design targets for unlicensed spectrum deployment (RAN4, RAN1)
· Physical layer options and enhancements to LTE including co-existence aspects (RAN1)

· If necessary, RAN protocol enhancements (RAN2)

· The feasibility of eNB and UE operation in 5GHz band in conjunction with relevant licensed frequency bands (RAN4)

It appears that the detailed RAN2 scope is not yet identified. Therefore, we discuss the potential RAN2 aspects in this document based on RAN1 agreements. 
2 Understanding of RAN1 agreements
RAN1 had two meetings to discuss relevant requirements, design target and evaluation methodology. Some of agreements have already been captured in TR 38.889 [2].  We look at some relevant agreements in RAN2 discussion as follows. 
LAA deployment scenarios

The following LAA deployment scenarios are agreed and captured in TR [2]

[image: image1.png]Scenario 1

-

F1: Licensed
carrier(s] Macro cell
carrier{s)
"~= <=~ ldeal backhaul
J: ______ .\} (_Ngn-co-located)

. ) "—‘ \\'
F3:Unlicensed ,* _# 2 o

Scenario 2

-————
- - = - -

F2: Licensed

carrier(s) S L
\_ ™= ~[Guer -~ Y
Scenario 3
fFl: Licensed \

carrier(s) —/
e Ideal/non-ideal
semmje=ms ST backhaul
F1: Licensed s® ~.
carrier(s) ‘“ Cb Cg small cell

~-__I .
-I ':" Ideal backhaul

- (Co-located)

- - ~ «
camrien(s) So \é- == ‘éf_ == Small cell
\ = =| Cluster |~

F3: Unlicensed

cb Small cell

\

J

carrier{s) -
: I' |deal backhaul
_{ ______ ] _(Co-located)
A 1 e -~
F3: Unlicensed ¢ o é, Small cell
carrien(s) gy T -
\ === Cluster |-=~
Scenario 4
C: Licensed
carrier{s)

F2: Licensed

carrien(s)

ede===ax 4~
F3: Unlicensed

carrien(s)

\_

—— -

\§~~ - = T
= Cluster |

~

Small cell

S~ 1 ! -
== luster |1~
! Cluste \ Ideal backhaul

- {Co-located)

/’—
A Aé;, éSmaucen

~





Figure 6-1: LAA deployment scenarios [1]

Our understandings on these scenarios are summarized as follows: 

· Scenario 1: macro cell is located in a licensed carrier (F1) and small cell is located in an unlicensed carrier (F3). This is equivalent to CA scenario 4, in which PCell and SCell are non-colocated. 
· Scenario 2:  small cells are co-located in both F2 and F3. CA can be configured between F2 and F3. 
· Scenario 3: small cells are co-located in both F1 and F3. Macro and small cell are mixed in F1. If ideal backhaul is used between macro cell and small cell in F1, CA can be configured between macro cell in F1 and small cell in F3 or between small cell in F1 and small cell in F3. If non-ideal backhaul is used, CA can be configured only between small cell in F1 and small cell in F3.   
· Scenario 4:  small cells are co-located in both F2 and F3. Macro cell is located in F1. If ideal backhaul is used between macro cell and small cell, CA can be configured between macro cell in F1 and small cell in F3, between small cell in F1 and small cell in F3 or across F1, F2 and F3. If non-ideal backhaul is used, CA can be configured only between small cell in F1 and small cell in F3. DC can be configured between F1 and F2/3, in which case unlicensed carrier is supported in either MCG or SCG.   
From RAN2 perspective, the following two configurations are required to support unlicensed carrier and there is no problem to configure by the current CA or DC configuration mechanism. 
· Configuration #1: unlicensed carrier is configured as SCell assisted by licensed PCell or SCell in CA.  

· Configuration #2: unlicensed carrier is configured as SCell assisted by licensed PCell or SCell in MCG, or assisted by licensed PSCell or SCell in SCG. 

Observation: LAA deployment scenarios agreed in LAA can be supported with the current CA or DC configuration mechanism. 
Physical layer functionalities for regulatory requirements 

Since the unlicensed carrier can be shared by different radio access technologies (RATs) and/or multiple operators, fair coexistence would be one of the most important design criteria for LAA. RAN1 identified physical functionalities required to meet regulatory requirement as follows. 
	Agreements:
· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· 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


The listen-before-talk (LBT) procedure is defined as a mechanism by which equipment applies a clear channel assessment (CCA) before using the channel. The CCA detects other signals in the channel to check if the channel is clear. LBT can be implemented by either Frame-Based-Equipment (FBE) or Load-Based-Equipment (LBE). In FBE, the equipment performs CCA periodically, while in LBE, the equipment performs CCA in any time when it wants to transmit data. In both cases, with one CCA, the transmission time (channel occupancy time) is limited up to 10ms for FBE and up to 13ms for LBE. Therefore, if the channel is already occupied by other equipment, the equipment should wait until the channel is clear. Furthermore, the discontinuous transmission (DTX) is used to limit maximum duration of a transmission burst in the unlicensed spectrum. If LBT and DTX are applied, the data transmission may not be continuous although the data is available in the buffer. RAN1 is still under discussion on the detailed physical layer functionalities to support LBT and DTX in LAA. 

3 Potential RAN2 topics
Based on the summary of RAN1 discussion, we analyze the potential RAN2 topics as follows.  

Fast cell on/off operation

If LBT/DTX operations are implemented, the downlink and uplink transmission may not be continuously served depending on whether the channel is clear. Furthermore, although the channel is clear to the serving eNB, the maximum allowed period is up to 10ms or 13ms depending on LBT/DTX algorithm. If the eNB cannot acquire the channel, the eNB cannot transmit any downlink signal, which can be seen as cell off from the UE perspective. In Rel-12, small cell on-off mechanism is already supported. However, it is only based on RRC signaling or activation/deactivation MAC CE. Although it was not discussed in detail, during Rel-12, there was some analysis indicating that the minimum transition time is 8ms (from off to on state) and 24ms (from on to off state). Given that the maximum allowed period is at most up to 10ms or 13ms in LAA, the current small on/off mechanism is not sufficient to support LBT/DTX operation. One solution proposed in RAN1 is physical signaling based fast cell on/off where on/off indication is signaled via PDCCH/EPDCCH. However, if the physical signaling based fast cell on/off is introduced, there is no or marginal impact to RAN2. Alternatively, RAN2 can study the feasibility of reducing SCell activation/deactivation transition time. However, given that transition time is defined based on RAN4 requirement (i.e. required warm-up time in RF chain), it may not be RAN2 independent discussion. Therefore, unless RAN1 cannot introduce physical signaling based fast cell on/off mechanism, modification on activation/deactivation operation should be deprioritized. 
Proposal 1: for fast small cell on/off operation, RAN2 waits until RAN1 makes progress on physical signaling based fast cell on/off mechanism.
RRM enhancements

There are several aspects which may affect RRM measurement and reporting. 
· The eNB may not use unlicensed carrier continuously or periodically due to LBT/DTX operation. It implies that DRS may or may not be periodically sent. It is different from Rel-12 small cell on/off in which the UE can assume DRS is transmitted based on discovery signals measurement timing configuration (DMTC). It would affect RRM measurement framework. However, we need further input from RAN1 on DRS transmission on unlicensed carrier e.g. whether periodic DRS is not feasible or how UE can know DRS presence. 
· The number of carriers that the UE needs to monitor may be increased. In 5GHz, currently around 24 frequency channels are defined in 5GHz in case of WiFi although actual number varies by countries. The potential candidate frequency carriers are also increased because the eNB may dynamically select different frequencies depending on interference situation. It would increase UE burden for measurement and also increase signaling overhead. 
· The UE may not need to detect neighbouring cells which belong to other operators or other eNBs. This would be different from LTE measurement that the UE can detect any neighbouring cell and send measurement reporting. Potentially, the measurement reporting triggered by neighbouring cell associated to other operators or other eNB can cause waste of signaling. 
· If RAN1 introduces a new measurement, RAN2 needs to define the measurement configuration /reporting for the new measurement. 
Although more input is required from RAN1 on DRS or new measurement, it would be also worthwhile that RAN2 discusses whether RRM enhancements are required for efficient measurement/reporting. 
Proposal 2: RAN2 discusses potential schemes to enhance RRM measurement and reporting to support LAA operation.  
QoS handling in CA  
In current CA, carrier is visible under MAC layer (HARQ entity) and physical layer only. Therefore, from radio bearer perspective, all carriers are equal. In uplink, when multiple carriers are scheduled, it is up to UE implementation how to allocate data to multiple carriers. In LAA, unlicensed carrier is shared by other RAT or other operators that the serving network cannot control interference. In addition, the carrier is available only if there is no on-going transmission from another source. It means that it may be difficult to provide similar level of data transmission as in licensed carrier. Therefore, RAN2 needs to discuss whether some enhancements can be useful to enhance QoS in LAA. Detailed analysis on potential solutions is provided in a separate contribution [4]. 
Proposal 3: RAN2 discusses potential solutions to enhance QoS in LAA operation.  
4 Conclusion
In this document, we discussed the potential RAN2 scope to support LAA operation. Based on the discussion in Section 2 and 3, we proposed the following points.  
Proposal 1: for fast small cell on/off operation, RAN2 waits until RAN1 makes progress on physical signaling based fast cell on/off mechanism.

Proposal 2: RAN2 discusses potential schemes to enhance RRM measurement and reporting to support LAA operation.  
Proposal 3: RAN2 discusses potential solutions to enhance QoS in LAA operation.  
References

[1] RP-141664, “Study on Licensed-Assisted Access using LTE”, 3GPP TSG RAN#65, September, 2014. 
[2] R1-145474, “ TR 36.889 v0.1.0 Study on licensed-assisted access using LTE” ,Ericsson, Huawei

[3] R2-142044, “Small cell on/off and discovery”, Intel Corporation

[4] R2-150167, “QoS support for LAA”, Intel Corporation

PAGE  
4/4

