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1 Introduction

For the LAA SI, RAN2 has been assigned to look into which impact LAA has on RAN protocols. In this document we provide an initial overview of how LAA impacts RAN protocols and identify potential needed modifications.
2 Overview of LAA

To start with we will first quickly go through the LAA as per our understanding so as to ensure that we have the same view of LAA as the rest of RAN2 and hence avoid confusion.
As the aim with LAA is that it can be deployed anywhere in the world, the LAA feature should be designed such that it can comply with requirements globally as also RAN1 is currently investigating. However, it has already been identified that so called “listen-before-talk” (LBT) operation is a needed functionality and that a limited maximum transmission duration must be used.

2.1 Listen Before Talk

LBT operation means that the transmitter shall listen to the channel shortly before transmitting anything to ensure that a transmission will not be done when the medium is busy as this would result in a collision. As already RAN1 is working out the details for LBT, RAN2 should therefore, at least at this time, not spend time on the detailed workings of LBT. Considering how WLAN works, RAN2 can simply assume that that the transmitter needs to, shortly before the transmission, listen to the channel and decide whether or not the channel is free. If it is free it can transmit, otherwise it must supress the transmission and retry later. The time scale for LBT can be assumed to be very short so that the transmitter must prepare the transmission before the LBT period (i.e. build PDU, encode, modulate, etc.), but then the LBT mechanism may suppress the transmission. The transmitter would not have time to prepare the transmission after the LBT period as this would put unrealistic requirements on the hardware.
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Furthermore, as the medium is shared among non-coordinated devices, the transmitter cannot foresee whether or not the medium will be busy beforehand, and can therefore not foresee whether a coming transmission will be suppressed or not. So whether or not a transmission is suppressed will seem random. One can see this as the transmitter will prepare everything for the transmission and then the LBT-mechanism will, in the instant just before the transmission, give a green or a red light.

Observation 1 LBT will make it seem like transmissions are randomly suppressed shortly before they are performed.

2.2 Limited maximum transmission duration

When operating in unlicensed spectrum a transmitter is not allowed to transmit continuously for unlimited time. There are rules saying that the transmitter must stop transmitting after a certain time (e.g. 4 ms) to give other entities the chance to grab the channel. This rule will apply to both the eNB and the UE.

Observation 2 On LAA carriers, a transmitter is only allowed to perform continuous transmission for a limited duration.
2.3 LAA scenarios

RAN1 has identified a few scenarios which should be considered for LAA. In all these scenarios the UE will be configured with a PCell in licensed spectrum, zero or more SCells in licensed spectrum and one or more SCells in unlicensed spectrum “LAA carrier(s)”.
[image: image2.png]Scenario 1 Scenario 2

F1: Licensed F2: Licensed -~ ~
carrier(s) carrier(s) ‘\ Cb Cb S’mall cell

-=3 T
1 deat backnau

r '« =~ Ideal backhaul
' ______ l (_Non co-located) [ PR J| (Cn Iocaled)
F3: Unlicensed (~~
‘ é Smallcell £3: U censed o i * Small cell

Scenario 3 Scenario 4

F1: Licensed F1: Licensed

carrier{s _/ carrier{s)
Ideal/non-ideal
censed == S e o i F2: Licensed
F1: Licen: . 2 -
camier(s) f\ é <i> small cell carrier(s) « é - small cell

] -
~ Tdeal backhaul =19 Cluster ]+~ ~ deal backhaul

_ (Corlocated) 4 - (Cotocated

~ F3: Unlicensed ,~ & *‘
small cell ; g — Small cell

CEI’I’IE!ISI

F3: Unlicensed

carrier{s





Scenario 1: 
Carrier aggregation between licensed macro cell (F1) and unlicensed small cell (F3) via ideal backhaul.

Scenario 2:  Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) without macro cell coverage (e.g., inside isolated buildings).

Scenario 3: 
Licensed macro cell and small cell (F1), with carrier aggregation between licensed small cell (F1) and unlicensed small cell (F3)

Scenario 4: 
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) with coverage provided by the licensed macro cell (F1). 
If there is ideal backhaul between macro cell and small cell, there can be carrier aggregation between macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3). If dual connectivity is enabled, there can be dual connectivity between macro cell and small cell.

2.4 Some baseline assumptions
In general we assume that the Rel-12 Carrier Aggregation framework can be reused to a large extent for LAA with modifications to some of the existing mechanism. Therefore, and also to ensure a timely completion of the feature and Rel-13, we suggest that RAN2 shall strive to avoid unnecessary changes to the Rel-12 Carrier Aggregation framework.

Proposal 1 The Rel-12 Carrier Aggregation framework should be reused when possible.
In particular, RAN2 has recently started the work on PUCCH on SCells. While this also is a Rel-13 feature we do not assume that the LAA feature shall be dependent on the PUCCH on SCell-feature. The support of LTE in unlicensed bands does not require PUCCH on SCells, so to tie these two features together risks increasing the complexity, time needed for completion of the feature and implementation complexity. We therefore propose that RAN2 should not assume that PUCCH on SCells is configured when LAA is configured.

Proposal 2 LAA shall work without PUCCH on SCells.
3 LAA’s impact on existing mechanisms
Below we will look in to if and how LAA impacts the following mechanisms:

· Random Access

· Routing of uplink traffic

· RLM

In [1] we look further in to how the IDC mechanism can be reused in LAA.

In [2] we look further in to the impact on UL HARQ due to LAA.
3.1 Random Access

As shown in the figure with the scenarios above, it has been agreed to aggregate an LAA carrier which is non-collocated with the PCell. To aggregate non-collocated cells the UE must have separate time advance values. Therefore it must be supported to perform Random Access on LAA carriers. In Rel-12 Carrier Aggregation only contention free random access is supported on SCells. We assume that this is sufficient also on LAA carriers. Also, in Rel-12 the Random Access Response is sent on the PCell, we assume that this can be reused also for LAA carriers.

However, one issue which comes about when doing RA on LAA carriers is that transmissions related to the RA procedure will, seemingly random, need to be dropped due to a busy channel (Observation 1). The Random Access Response (RAR) is always sent on the PCell in Carrier Aggregation and the PCell is always on a licensed carrier so LAA will not impact the RAR reception, but preambles maybe randomly dropped since they can be transmitted on LAA-carriers.

That a UE may drop preamble transmission is nothing new though; already in Rel-12 it was introduced for Dual Connectivity that UEs may drop preamble transmissions due to power limitations. Because how the UE calculated the power ramping for preambles, dropping a preamble would cause too much power ramping, i.e. the UE may ramp the preamble transmission power even when a preamble was dropped. To avoid too much power-ramping the specification was changed so that the UE only ramps the power when the preamble was actually transmitted, not when dropping a preamble.

We assume that the handling of preamble dropping used in Dual Connectivity can be reused for preamble dropping on an LAA-carrier.
Proposal 3 The handling of preamble transmission dropping from Rel-12 Dual Connectivity is used as baseline for preamble dropping on LAA carriers.
3.2 Routing of traffic in uplink
The network is responsible for ensuring that the QoS requirements are met for a UE, for example by scheduling a UE using certain amount of resources to meet throughput requirements, and quickly enough to meet delay requirements.
Consider for example a UE using voice service; voice traffic has delay requirements which are rather strict. Based on Observation 1 since the transmitted needs to apply an LBT-mechanism in unlicensed bands the transmitter needs to randomly drop transmissions in unlicensed bands. Hence it may not be suitable to carry voice traffic in unlicensed bands. Another example is the SRB in LTE which is essential in order to maintain connectivity and may therefore not be suitable to be sent in unlicensed bands.

And in the other way around; there may be situations when the operator wants to direct certain traffic only towards the unlicensed bands. For example, to direct low priority data for some UEs to the unlicensed band when the operator’s licensed carriers are heavily loaded.

In downlink it is fully controlled by the eNB where traffic is sent so the eNB can ensure that any QoS requirements are fulfilled. But in uplink it is left to UE implementation on which carrier it transmits certain traffic and hence there is no way to direct certain traffic over certain carrier’s uplink (see note below which is found in 5.4.3.1 in the MAC specification). For example, if the UE receives one grant for an licensed carrier and one grant for an unlicensed carrier the UE can process the grants in whichever order it wants and assign the pending data to whichever carrier it wants, meaning that it could assign data for the SRB to the unlicensed carrier while assigning some low priority to the licensed carrier.

	NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.


While it was acceptable to leave it to UE implementation how to steer the traffic prior to Rel-13, it is not acceptable in LAA-scenarios as the characteristics of licensed spectrum and unlicensed spectrum have some important differences (Observation 1) which makes it impossible for the operator to ensure that the QoS requirements are fulfilled. Therefore there must be a way for the eNB to direct certain traffic towards, or away from, LAA-carriers.
Proposal 4 RAN2 shall study how to enable the eNB to bind certain traffic either only to licensed carriers or only to unlicensed carriers.
3.3 RLM
Since LAA carriers are only SCells, no RLM is performed on these carriers according to current spec. RLM is used to allow the UE to autonomous stop UL transmissions if the channel is too poor, e.g. so as to avoid interference etc. When UL on SCells was added in Rel-11 it was discussed whether or not to perform RLM on SCells. RAN2 identified that as long as the PCell is working fine the eNB will receive CQI reports from the UE and based on these reports the eNB can know whether the channel is too poor on an SCell and can deconfigure it. Furthermore, since only network order RA is supported on SCells there will be no unexpected preamble transmissions on SCells. Therefore it was understood that RLM on SCells is not necessary.

We see that these conclusions still hold for LAA carrier and hence judge that RLM is not necessary for LAA SCells.
Proposal 5 RLM is not supported on LAA-carriers.
4 Conclusion

We have in this contribution given an overview of LAA and highlighted aspects which may have impact on RAN2 mechanisms which RAN2 needs to study during the study item phase. We propose the following:
Proposal 1
The Rel-12 Carrier Aggregation framework should be reused when possible.
Proposal 2
LAA shall work without PUCCH on SCells.
Proposal 3
The handling of preamble transmission dropping from Rel-12 Dual Connectivity is used as baseline for preamble dropping on LAA carriers.
Proposal 4
RAN2 shall study how to enable the eNB to bind a certain traffic either only to licensed carriers or only to unlicensed carriers.
Proposal 5
RLM is not supported on LAA-carriers.
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