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Introduction
In this document, we discuss the impact of LBT on LAA uplink transmission and discuss several channel access schemes, identified by RAN 1 in the last meeting. 

2

Discussion
2.1   LBT Impact
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) is agreed to mitigate the interference in unlicensed bands. A UE has to perform clear channel assessment (CCA) before transmitting data. If the unlicensed channel is being occupied, the UE will be prohibited from transmitting data.
With cross-carrier scheduling, an eNB schedules the UE an uplink grant on a licensed carrier for an unlicensed carrier. Transmission of PDCCH and PHICH is not subject to LBT impact because they are transmitted on the licensed carrier. Without cross-carrier scheduling, PHICH is transmitted on the unlicensed carrier. If the eNB is unable to transmit PHICH due to LBT and the UE does not know the absence of PHICH, the UE will try to decode the PHICH. If the UE determines that the eNB transmits an HARQ NACK, the UE will perform a retransmission. However this makes interference in the uplink.
Proposal 1: RAN2 should discuss the impact of the absence of PHICH transmission due to LBT.
In addition, the UE may not be able to transmit PUSCH due to LBT regulation when the UE receives an uplink grant from a licensed carrier or an unlicensed carrier. If that happens and the eNB does not know the absence of the PUSCH, the eNB may try to combine the received data with the data in the soft buffer, which could degrade HARQ performance as the received data may reduce SNR in decoding PUSCH.   

Proposal 2: RAN2 should discuss the impact of the absence of PUSCH transmission.  

[image: image1.emf]eNB UE

PDCCH (on an unlicensed cell)

PUSCH (on an unlicensed cell)

PHICH (on an unlicensed cell)

The UE detects that the 

unlicensed channel is occupied.

The eNb misunderstands the UE has transmitted PUSCH 

and then performs soft combining in a HARQ process.

eNB UE

PDCCH (on an unlicensed cell)

PUSCH (on an unlicensed cells)

PHICH (on an unlicensed cells)

The eNB detects that the 

unlicensed channel is occupied.

PUSCH (on an unlicensed cells)

The UE misunderstands that the 

eNB transmits HARQ NACK.

(a)

(b)


Fig.1: (a) The absence of PUSCH and (b) the absence of PHICH due to LBT regulation.
2.2   Channel Access Mechanisms
RAN1 identified four categories of channel access schemes. The four categories are: 

Classify the evaluated channel access schemes according to the following categories:
· Category 1: No LBT
· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window

· Category 4: LBT with random back-off with variable size of contention window
Note: Contention window is the maximum possible random back-off value

Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
RAN1 comments that FBE procedure belongs to the category 2 and LBE procedure with a fixed/variable q belongs to category 3/4, respectively. From our understanding, the category 2 is a variant of non-persistent CSMA, and the category 3/4 is a variant of p-persistent CSMA. 

For category 2, if the channel is occupied, a UE waits for a period of backoff time and then retry again. If the backoff time is fixed, like the FBE procedure, and a long backoff time is configured, the UE may experience long transmission delay, which may not be desirable especially in low traffic load conditions. In contrast, with a short backoff time, the UE may have more chances to access the channel, which may not meet the fair coexistence goal. Therefore, the backoff time should vary according to channel conditions. 
Observation 1: For category 2, the backoff time should vary according to channel conditions.
For category 3/4, the length of backoff time is randomly selected from a contention window. A UE decreases a backoff counter only when it senses the channel is idle. However, since the channel status observed by a UE may differ from that observed by an eNB, the eNB may not know when a UE finishes the backoff procedure and therefore does not know when to schedule a transmission or retransmission to the UE. For instance, a Wi-Fi node is one-hop away from the UE but two-hop away from the eNB. When the Wi-Fi node transmits on an unlicensed channel, the UE can detect the channel is occupied, but the eNB may not be able to detect that. 

Observation 2: For category 3/4, an eNB may not know when a UE finishes the backoff procedure and therefore cannot decide when to schedule uplink (re)transmission for the UE.
Although RAN 1 is working on performance evaluation for different kinds of channel access schemes, RAN2 may need to know their impact on RAN2 spec. Therefore, we propose RAN2 may start to discuss LAA channel access schemes from RAN2 viewpoint. 
Proposal 3: RAN2 should discuss LAA channel access schemes and their impact on RAN2 spec.
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Conclusion

In conclusion, we have the following observations and proposals:

Proposal 1: RAN2 should discuss the impact of the absence of PHICH transmission due to LBT.

Proposal 2: RAN2 should discuss the impact of the absence of PUSCH transmission. 
Observation 1: For category 2, the backoff time should vary according to channel conditions.
Observation 2: For category 3/4, an eNB may not know when a UE finishes a backoff procedure and therefore cannot decide when to schedule uplink (re)transmission for the UE.
Proposal 3: RAN2 should discuss LAA channel access schemes and their impact on RAN2 spec.
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