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Introduction
In the RAN #65 meeting, RAN plenary approved a study item regarding licensed-assisted access using LTE. The motivation is to complement the LTE platform with unlicensed spectrum to bring potentially great value to 3GPP operators. In this paper, we discuss some issues regarding LAA.
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Discussion
2.1   LBT Impact on Downlink/Uplink Data Transmission
The motivation of the LAA is to complement the LTE platform with unlicensed spectrum. But on licensed spectrum, there have been access technologies such as Wi-Fi utilizing the unlicensed bands. Different operators may also deploy their own LAAs on the unlicensed bands in the same area. The interference minimization and fair coexistence among LAA and Wi-Fi become imperative issues and need to be studied.
In RAN1, the listen-before-talk (LBT) [1] is agreed to mitigate the interference in unlicensed bands. An UE or eNB has to perform clear channel assessment (CCA) before transmitting data. If the unlicensed channel is being occupied, the UE or eNB will be prohibited from transmitting data. 
The LBT has less impact on downlink data transmission as the asynchronous adaptive transmission provides great flexibility for an eNB to schedule downlink (re)transmission. If an eNB cannot transmit PDSCH on an unlicensed SCell, the eNB can defer the PDSCH transmission without impacting an UE significantly. On receiving the PDSCH, the UE transmits the PUCCH on a PCell.
Observation 1: LBT has less impact on the UE to receive downlink data transmission and transmit HARQ feedback.
For uplink transmission, an eNB can transmit a PDCCH to schedule PUSCH transmission to an unlicensed cell via a licensed cell, i.e. cross-carrier scheduling. But the problem is that if the UE cannot transmit PUSCH due to LBT regulation, the eNB, without knowing the absence of the PUSCH, may try to receive and decode the PUSCH, shown in Fig. 1a, which could degrade HARQ performance at the eNB.
Observation 2: An eNB may try to decode PUSCH which an UE actually does not transmit due to channel busy result according to CCA so HARQ performance is degraded at the eNB.
Even when the UE successfully transmits the PUSCH and the eNB also receives the PUSCH, the eNB may not be able to transmit a PHICH due to LBT regulation. In the figure 1b, the UE, without knowing the absence of PHICH, may try to decode the PHICH. If the UE mistakes that the eNB transmits an HARQ NACK, it will perform HAQR retransmission without the eNB knowing that.

Observation 3: An UE may try to decode PHICH, not transmitted by an eNB, and then proceed to retransmit data without the eNB’s permission.
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Fig.1: (a) The absence of PUSCH and (b) the absence of PHICH due to LBT regulation.
Proposal 1: RAN2 should discuss the issues described in the observation 2 and 3 to see if any enhancement is needed for LAA.
2.2   Channel Access Mechanisms
One of the LAA design targets is to achieve fair coexistence among LAA and Wi-Fi networks. The adaptability to traffic load change could a potential enhancement of fair coexistence. ETSI EN 301 893 [2] defines two types of adaptive equipment: load based equipment and frame based equipment. For the load based equipment, 

1)  Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time which shall be not less than 18 µs. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the threshold corresponding to the power level given in point 5) below. If the equipment finds the channel to be clear, it may transmit immediately (see point 3) below).  

2)  If the equipment finds an Operating Channel occupied, it shall not transmit in that channel (see paragraphs below). The equipment shall perform an Extended CCA check in which the Operating Channel is observed for a random duration in the range between 18 µs and at least 160 µs (see also note 1). If the extended CCA check has determined the channel to be no longer occupied, the equipment may resume transmissions on this channel.
If an UE is a load based equipment, the serving eNB of the UE may not know when the UE finishes an ECCA check, and therefore cannot decide when to schedule uplink (re)transmission for the UE. That is because the channel status observed by the eNB may differ from that observed by the UE. For instance, a Wi-Fi node is one-hop away from the UE but two-hop away from the eNB. If the Wi-Fi node transmits in an unlicensed channel, the UE can detect the channel is occupied but the eNB may not be able to detect that.

Observation 4: If an UE is a load based equipment, the serving eNB may not know when the UE finishes an ECCA check and therefore cannot decide when to schedule uplink (re)transmission for the UE.
Due to LTE synchronous uplink (re)transmission, there could be latency between the end of an ECCA check and the time the UE performs the next CCA check. For example, in the figure 2, an uplink transmission is scheduled in the subframe 1 but the channel is occupied in the subframe 0. The ECCA check ends in the subframe 3, but the retransmission is scheduled in the subframe 9. If the subframe 9 is occupied by others, the UE will have to wait for the next retransmission opportunity, which could introduce long latency. Therefore, it may be beneficial to reduce the latency as much as possible. If synchronous retransmission is not adequate to support the low latency retransmission, asynchronous retransmission may be another alternative for LAA.
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Fig.2: The latency between the end of an ECCA check and the time an UE performs the next CCA check.
Observation 5: If an UE is a load based equipment, it is beneficial to reduce the latency between the end of an ECCA check and the time the UE performs the next CCA check.
For a frame based equipment (FBE):  

1)  Before starting transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time which shall be not less than 18 µs. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the threshold corresponding to the power level given in point 5) below. If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. See figure 3 below. 

2)  If energy level detected on the operating channel is higher than a threshold, the equipment concludes that the channel is occupied. If the equipment finds an operating channel occupied, it shall not transmit on that channel during the next fixed frame period. 

3)  The total time during which an equipment has transmissions on a given channel without re-evaluating the availability of that channel, is defined as the channel occupancy time.

4) 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 used by the equipment for the current Fixed Frame Period. Towards the end of the Idle Period, the equipment shall perform a new CCA as described in point 1) above.

5)  The total time during which an equipment has transmissions on a given channel without re-evaluating the availability of that channel, is defined as the Channel Occupancy Time.  

6)  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 used by the equipment for the current Fixed Frame Period. Towards the end of the Idle Period, the equipment shall perform a new CCA as described in point 1) above.
[image: image3.png]focad
<>
uuT
CCA
vuT
Transmissions

Fixed Frame Period

Channel Occupancy Time Idle Period




Fig. 3: Example of timing for frame based equipment.
LTE supports synchronous uplink retransmission. With synchronous retransmission, uplink retransmission may be scheduled in the middle of a FBE frame. Figure 4 shows an example where the transmission in the subframe 1 fails and is rescheduled in the subframe 9. Even if the UE detects that the channel is clear at the end of the subframe 7, other node may find the channel clear in the subframe 8 and occupy the channel. If the UE proceeds to transmit in the subframe 9, data collision could happen in the subframe 9. 
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Fig. 4: 
Observation 6: If an UE is a frame based equipment, enhancement may be needed to prevent other node from occupying the channel before the UE transmits data in a frame.
Moreover, for frame based equipment, as the frame size is fixed, the frame based equipment may not be able to adapt to varying traffic load conditions on an unlicensed channel. Also the frame based equipment may need to be enhanced to fit into the LTE framework. It is suggested to discuss if load based or frame based equipment should be adopted for uplink transmission. 
Proposal 2: RAN2 should discuss if load based or frame based equipment should be adopted for uplink transmission.
For downlink transmission, we didn’t see enhancement is needed to introduce load based equipment or the frame based equipment to LAA. But as the load based equipment is more flexible and can distribute a lot of contending equipments in time axis via the random duration of the ECCA, we think the load based equipment should be adopted for the downlink transmission. 
Proposal 3: The load based equipment should be adopted for downlink transmission.
2.3   Carrier Selection
The unlicensed spectrum could be shared and accessed by multiple networks without a centralized control. The traffic load on the unlicensed channel may vary from time to time, which could introduce a dynamic range of latency on downlink and uplink transmission. Moreover, RAN 1 has agreed Rel-12 DRS can be a starting point for RRM measurement. The DRS is not expected to be transmitted frequently. RAN2 should discuss if the current LTE RRM should be enhanced so that the eNB can manage radio resources more efficiently in LAA. 
Proposal 4: RAN2 should discuss if the LTE RRM needs to be enhanced for LAA.
2.4   Dynamic Frequency Selection (DFS)
The dynamic frequency selection (DFS) is a function of detecting interference from a radar system. According to [2], a node should avoid co-channel operation with a radar system if it detects the radar signal. RAN1 has agreed to support DFS in certain bands to meet regulatory requirements in some regions. 
According to the DFS requirements [2], the normative channel move time is 10 seconds. After detecting radar signal on a channel, all nodes shall stop transmitting on the channel within the channel move time. In 3GPP spec, the maximum length of sCellDeactivationTimer-r10 is rf120. Accordingly, a SCell is expected to be deactivated within the channel move time. So no enhancement is needed to stop a UE transmitting data when an eNB detects a radar system. 
Proposal 5: RAN2 should discuss if any enhancement is needed to meet the DFS requirements.
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Conclusion

In conclusion, we have the following observations and proposals:
Observation 1: LBT has less impact on the UE to receive downlink data transmission and transmit HARQ feedback.
Observation 2: An eNB may try to decode PUSCH which an UE actually does not transmit due to channel busy result according to CCA so HARQ performance is degraded at the eNB.
Observation 3: An UE may try to decode PHICH, not transmitted by an eNB, and then proceed to retransmit data without the eNB’s permission.
Observation 4: If an UE is a load based equipment, the serving eNB may not know when the UE finishes an ECCA check and therefore cannot decide when to schedule uplink (re)transmission for the UE.
Observation 5: If an UE is a load based equipment, it is beneficial to reduce the latency between the end of an ECCA check and the time the UE performs the next CCA check.
Observation 6: If an UE is a frame based equipment, enhancement may be needed to prevent other node from occupying the channel before the UE transmits data in a frame.
Proposal 1: RAN2 should discuss the issues described in observation 2 and 3 to see if any enhancement is needed for LAA.

Proposal 2: RAN2 should discuss if load based or frame based equipment should be adopted for uplink transmission.
Proposal 3: The load based equipment should be adopted for downlink transmission.
Proposal 4: RAN2 should discuss if the LTE RRM needs to be enhanced for LAA.
Proposal 5: RAN2 should discuss if any enhancement is needed to meet the DFS requirements.
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