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1. Introduction
In RAN2#89 meeting, the issue of routing DL traffic between licensed and unlicensed carriers was discussed and the agreement is following:
	8
For DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed). No impact on RAN2 specifications. 


However, how to route UL traffic has not been discussed. We discuss this issue in the contribution.
2. Discussion
Listen-before-talk (LBT) functionality is required for an LAA system [1]. A LAA UE needs to apply a clear channel assessment (CCA) check before using an unlicensed carrier. The UE can only transmit UL traffic when the channel is clear; otherwise the UL transmission is suppressed and the data may be retransmitted later. Hence, the UL traffic transmitted on unlicensed carriers may experience more delay than which transmitted on licensed carriers. 
The interference on unlicensed carriers is more serious than on licensed carrier, for the interference on unlicensed carriers may come from several different RATs and nodes working on unlicensed carriers are not coordinated. Therefore, the UL traffic transmitted on unlicensed carriers may experience higher BLER than which transmitted on licensed carriers. 

Observation1: The UL traffic transmitted on unlicensed carriers may experience lower QoS than which transmitted on licensed carriers.
According to observation1, it is not suitable to route services with high QoS requirements to unlicensed carriers. Take a UE using voice service as an example. Voice traffic has very strict delay requirement, i.e. the packet delay budget is 100ms [2]. Routing voice traffic to unlicensed carriers may not meet the delay requirement since LBT may leads to extra transmission delay. Another example is SRB, which requires low BLER, is also not suitable to be routed to unlicensed carriers. In addition, the operator may only want to offload services with low QoS requirements to unlicensed carriers, when the licensed carriers are overloaded.
Besides the services discussed above, there are some services with medium QoS requirements. These services maybe expected to be routed to unlicensed carriers as much as possible, if the QoS requirements are met.

Observation2: UL traffic of different QoS requirement needs to be routed to different type of carriers (licensed/unlicensed carrier).
The UL traffic routing is performed at UE. To make UE route traffic to suitable carriers, the network needs to configure UE the routing principle. Two configuration methods are discussed following:
· Method1: Inform UE the mapping between UL radio bearer and carrier type

In this method, eNB optionally indicates UE to map certain radio bearer either only to licensed carriers or only to unlicensed carriers. The mapping between UL radio bearer and carrier type can be included in RRCConnectionReconfiguration message. The UE can only route the packets of a bearer to the corresponding carriers based on the mapping configuration.
· Method2: Route a RLC PDU to licensed carrier when the transmission number of the RLC PDU is larger than the configured threshold “TXthreshold”
Method2 is an enhancement of method1. Besides the mapping between UL radio bearer and carrier type, for each bearer mapping on licensed carrier a threshold “TXthreshold” is configured. 

In this method, a RLC PDU can be transmitted on unlicensed/licensed carriers if the number of its RLC transmission times is smaller than TXthreshold. Otherwise, the RLC PDU can only be transmitted on licensed carriers. Assuming the max transmission times of a RLC_AM bearer is set to 3, the bearer is binded to licensed carrier with TXthreshold setting as 2. Then the UE can route a RLC PDU of the bearer to licensed/unlicensed carriers for the first 2 RLC transmissions. If all the transmissions are failure, the UE has to route the RLC PDU to licensed carriers for the last RLC transmission. 
Compared with method2, method1 is simpler, but less flexible. Method2 can provide more precious QoS control based on the previous RLC transmission result of each RLC PDU. Method2 can offload data to unlicensed carrier in a more controllable way and can avoid unexpected QoS decline, which is very useful to service with medium QoS requirements.
Hence, we propose method1 to be considered as baseline solution.
Proposal1: A UL bearer can be configured to be mapped only to licensed carriers or only to unlicensed carriers. 

And the method2 can be considered as further enhancement.

Proposal2: A RLC transmission time threshold “TXthreshold” can be further configured for bearers mapping to licensed carriers. RLC PDUs whose RLC transmission times smaller than the TXthreshold can be routed to licensed/unlicend carriers. Otherwise, the RLC PDU has to be routed to licensed carriers.

3. Conclusion

According to the analysis in section2, it is observed:
Observation1: The UL traffic transmitted on unlicensed carriers may experience lower QoS than which transmitted on licensed carriers.
Observation2: UL traffic of different QoS requirement needs to be routed to different type of carriers (licensed/unlicensed carrier).
Based on the observation, two methods for UL packet routing are discussed: 
· Method1: Inform UE the mapping between UL radio bearer and carrier type

· Method2: Route a RLC PDU to licensed carrier when the transmission number of the RLC PDU is larger than the configured threshold “TXthreshold”

We proposal method1 to be considered as baseline solution:

Proposal1: A UL bearer can be configured to be mapped only to licensed carriers or only to unlicensed carriers. 

And the method2 can be considered as further enhancement:

Proposal2: A RLC transmission time threshold “TXthreshold” can be further configured for bearers mapping to licensed carriers. RLC PDUs whose RLC transmission times smaller than the TXthreshold can be routed to licensed/unlicend carriers. Otherwise, the RLC PDU has to be routed to licensed carriers.
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