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1 Introduction

In order to provide a flexible fair adaptive channel access mechanism, regulatory requirements of European and other countries mandate the usage of the LBT in the unlicensed 5150-5350MHz and 5470-5725MHz bands. Each device should perform Clear Channel Assessment (CCA) based on energy detection before accessing the channel. The device is not allowed to access the channel, when the channel is busy according to CCA.

According to ETSI specification, a device transmitting on unlicensed band shall work with either frame-based or load-based LBT, named as Frame Based Equipment (FBE) and Load Based Equipment (LBE) [1]. In this contribution, we discuss the design details in support of frame-based LBT for LAA. 
2 Discussion
2.1 Design principles of LAA
In the design of LBT for LAA, following design principles should be considered.

· Friendly co-existence with WIFI

As described in the SID, LAA shall not impact WIFI services more than an additional WIFI node on the same carrier. Therefore the design of LBT for LAA should strive for minimizing the impact to WIFI system.

· High LAA spectrum efficiency
LTE was designed for frequency reuse factor 1 in a multi-cell deployment scenario, which contributes to the high spectrum efficiency. In order to inherit the advantage of LTE design as much as possible, small cells with frequency reuse factor 1 should be supported in LAA.

· Pcell and Scell timing alignment
As agreed in previous meetings [2], the timing alignment of Pcell and Scell shall be assumed in LAA design.
Proposal 1: The following design principles should be considered in LAA design

· Supporting friendly co-existence with WIFI

· Supporting frequency reuse factor one for multiple small cells within single operator
· Assuming alignment of Pcell and Scell timing.
2.2 Regulatory requirements for frame-based LBT
Frame based LBT has a strict frame structure, as shown in Figure 1, in which a fixed frame period is composed of a channel occupancy period and an idle period. According to ETSI spec, the channel occupancy time shall be in the range 1 ms to 10 ms and the minimum idle period shall be at least 5% of the channel occupancy time. CCA shall be performed in the idle period. After a successful CCA check, i.e. the channel is identified as “not occupied”, an FBE device may transmit immediately on the next frame. Otherwise, no transmission is allowed.
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Figure 1:  Illustration of frame based LBT 
2.3 Clear channel assessment
CCA check based on energy detection is a basic requirement for LBT, the observation time of which shall be no less than 20us. In LBT, CCA check is mandated for each device that transmits on the unlicensed frequency, including LAA eNB and UE.
For DL only scenario, LAA eNB shall perform CCA check before transmission. LAA eNB may transmit PDCCH/ePDCCH and PDSCH in a DL subframe after successful channel access. 
When UL is allowed in unlicensed frequency, following current LTE design, UL grant should be transmitted at least 4 subframes before transmitting PUSCH. When making the UL scheduling decision, the eNB cannot know whether the channel at the UE side is occupied or not. To meet the regulatory requirement, the scheduled UE shall perform CCA check and can transmit following the eNB scheduling after a successful CCA check. Otherwise, the UE shall give up transmitting. 
2.4 Design of frame based LBT for LAA
As a frame based system, LTE is more suitable for frame based LBT. It would be possible to introduce frame based LBT to LAA so that low specification and implementation impacts can be expected. In frame based LBT, the CCA check can only be done at fixed time slots so that the channel accessibility is limited. In co-existence of LAA and WIFI scenario, based on the CSMA/CA mechanism, WIFI may take ownership of the channel in any position of frame period, if the channel is unoccupied. Therefore LAA with frame based LBT could have lower channel access capability than WIFI. From co-existence perspective, FBE is more friendly to WIFI, than another WIFI network, as observed in [3]. In addition, FBE allows the synchronized operation among LAA cells within an operator, i.e. frequency reuse one, which may improve the performance for LAA. 
· For DL only transmission

For DL only LAA scenario, it is straightforward to adopt LTE frame structure type 1 on the unlicensed frequency. An example with 10ms fixed frame period is shown in figure 2, in which idle period is defined in the last subframe of a frame period so that CCA check can be performed. According to the regulatory requirements, the idle period shall be at least 5% of the maximum channel occupancy time, i.e. around 0.5 subframe in this example. Therefore the utilization of the OFDM symbols in the 1st slot of the idle subframe can be considered. Existing RE mapping for DwPTS in frame structure type 2 can be reused for these subframes.

There are different regulatory requirement for maximum channel occupancy time in LBT, e.g. not exceeding 10ms in Europe and 4ms in Japan. To provide a global solution, LAA shall support configurable channel occupancy time. One possible way is that network configures the periodicity and offset for the idle subframe. As shown in figure 3, idle subframe can be configured as once every 5ms to meet the maximum 4ms channel occupancy time. In this case the resources in idle subframes cannot be utilized for data transmission.
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Figure 2: LAA DL only with frame based LBT (10ms fixed frame period)
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Figure 3: LAA DL only with frame based LBT (5ms fixed frame period)
Proposal 2: Frame structure type 1 shall be used for LAA with DL only transmission on unlicensed frequency using frame based LBT. The periodicity of idle subframe and offset in the radio frame shall be configurable.
· For DL+UL transmission

For LAA supporting both DL and UL transmission on unlicensed frequency, LTE frame structure type 2 is a natural choice. With a preconfigured UL-DL pattern, the eNB and UE can only access the DL subframe and UL subframe, respectively. The UL-DL configuration can be dynamically adapted according to the traffic requirements, according to the signaling mechanism defined in Rel-12 eIMTA. Furthermore, DL and UL transmissions in LAA small cells should be synchronous to avoid cross-link interference, similarly as existing TDD networks. Existing UL-DL configurations shall be reused. The eNB and the UE need to perform CCA check before successive DL and UL subframes, respectively. The periodicity and position of CCA and maximum channel occupancy time of eNB and UE can be controlled by the network using different DL-UL configurations.

An example shown in figure 4 using TDD UL-DL configuration #3 for unlicensed frequency, in which the fixed frame period is regarded as 10ms and the maximum channel occupancy time for eNB and UE is no more than 7ms and 3ms, respectively. In this example, the UE CCA check shall be performed in the GP of special subframe and may transmit in later UL subframes after a successful CCA check. The eNB CCA check shall be performed in the idle period before subframe #5, for which sufficient idle period can be created by using UL timing advance and possibly configuring cell specific SRS symbol in subframe #4 by the eNB. 

[image: image4.emf]5 6 7 8 9 0 1 2 3 4

Subframe

LAA

DL Subframe

DwPTS

CCA

UL Subframe

Idle

UpPTS

5 6 7 8 9 0 1 2 3 4


Figure 4: LAA supporting DL+UL with frame based LBT (5ms fixed frame period)
In order to meet the requirement of less maximum channel occupancy time, UL-DL configuration with 5ms switching point periodicity can be used. An example of using TDD UL-DL configuration #1 on unlicensed frequency is shown in figure 5. In this case the maximum channel occupancy time for eNB and UE is no more than 3ms and 2ms, respectively. More CCA opportunities than the above example are given.
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Figure 5: LAA supporting DL+UL with frame based LBT (5ms fixed frame period)
Proposal 3: Frame structure type 2 shall be used for LAA with both DL and UL transmissions on unlicensed frequency using frame based LBT. 
From the above discussions, we observed that frame based LBT can be supported in LAA with minimum spec changes. 
Observation 1: Frame based LBT can be supported in LAA with minimum spec changes.
From a single operator perspective, synchronized LAA operation is beneficial for frame based LBT. For example, if all DL eNBs have the common idle period for CCA, eNBs of the same operator will not compete for the channel, therefore frequency reuse factor one can be achieved. In a synchronous operation, LAA eNB can use energy detection for CCA in which only WIFI signals can be included. The synchronization for LAA operation should include time synchronization and using same frame period, CCA cycle, and the UL-DL configurations.
Observation 2: For LAA with frame based LBT, synchronized network operation for a single operator is beneficial.
Different operators sharing the same unlicensed spectrum resource is possible, especially in hot spot areas. In this case the interference between neighbor cells belonging to different operators can be significantly high due to the unplanned deployments between operators. In this scenario simultaneous transmission from different operator within an area may not be possible, therefore the fair channel access mechanism for the operators shall be studied. According to discussion above, we think that the LAA cells of one operator should be synchronous. However, the LAA cells of different operators may be synchronous or asynchronous. 
When two operators’ network employing frame based LBT are synchronous, the transmission of two operators will collide when both of them have traffic to serve, as two operators identifies the channel availability at the same time. As shown in figure 6, interference issue between two operators cannot be solved.
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Figure 6: Frame based LBT with 4ms fixed frame period, synchronous operation
However, when two operators are asynchronous, as shown in figure 7, operator 1 will not be able to use the channel until the operator 2 releases the channel. Obviously in this case fair spectrum access cannot be achieved for the two operators. 
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Figure 7: Frame based LBT with 4ms fixed frame period, asynchronous operation
Therefore further study is needed for the fair spectrum access between operators for the unsynchronized case. Following two approaches may be considered, and synchronized operation is assumed within an operator.
· Option 1: In FBE, the frame period determines the channel accessibility, since more CCA opportunities are provided with shorter frame period. In order to achieve a fair spectrum access among operators, the frame period used by a single operator can be reduced for more CCA opportunities, if the probability of channel access is low. As shown in figure 8, two operators can share the spectrum fairly with different frame period configurations. However, regulatory issues shall be clarified on the allowed time scale that the network using FBE can reconfigure the frame period [4].
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Figure 8: Fair spectrum sharing for two operators using FBE with different frame periods
· Option 2: The eNBs of different operators using FBE channel access mechanism try to use the spectrum in a TDM manner, facilitated by some coordination or information exchange, for example load information of each operator may be exchanged over inter-operator interface or air interface. With the knowledge of the load information from the other operators, LAA eNB of one operator may transmit only on some of the frame periods, so that the other frames can be accessible by other operators. As an example, in case of two operators sharing channel, two operators using FBE may access the channel on alternated frame periods.
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Figure 9: Fair spectrum sharing for two operators using FBE with alternated frame period
Proposal 4: For LAA based on FBE, the mechanisms for fair spectrum access between operators shall be further studied.
3 Conclusion
In this contribution, we discuss LBT functions for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: The following design principles should be considered in LAA design

· Supporting friendly co-existence with WIFI

· Supporting frequency reuse factor one for multiple small cells within single operator
· Assuming alignment of Pcell and Scell timing.
Proposal 2: Frame structure type 1 shall be used for LAA with DL only transmission on unlicensed frequency using frame based LBT. The periodicity of idle subframe and offset in the radio frame shall be configurable.
Proposal 3: Frame structure type 2 shall be used for LAA with both DL and UL transmissions on unlicensed frequency using frame based LBT. 
Observation 1: Frame based LBT can be supported in LAA with minimum spec changes.
Observation 2: For LAA with frame based LBT, synchronized network operation for a single operator is beneficial.
Proposal 4: For LAA based on FBE, the mechanisms for fair spectrum access between operators shall be further studied.
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