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Discussion and Decision
1      Introduction
In the last RAN2 meeting, it was agreed that for DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed). The underlying assumption is that the eNB may consider sending data only in the licensed carrier if the unlicensed carrier is deemed to be unstable due to uncontrollable interference. Therefore, it can improve QoS of data transmission.  
In downlink, there is no impact in MAC because it is supported by the eNB scheduling implementation. However, in uplink, some specification change is expected to limit data transmission to a certain carrier. In this contribution, we discuss potential options to improve QoS for LAA.  
2      Discussion
2.1     QoS issue
QoS supporting is implemented using radio bearers in air interface. As shown in Figure 1 below, in current carrier aggregation, a radio bearer can be transmitted/received on any serving cell, and there is no special handling for QoS since there is no fundamental difference on the radio environments on all serving cells.
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Figure 1: Protocol architecture in carrier aggregation
The radio environment in unlicensed spectrum is quite different compared with that on licensed spectrum (current LTE systems). In unlicensed spectrum, there could be various sources for interference which is outside the control of the operator: other RATs (e.g. WiFi) or LAA-capable eNB/UEs of other operators etc. In the extreme case, the unlicensed carrier might be switched off due to very strong interference. In addition, LBT and DTX should be supported to meet regulatory requirements. This could impact QoS of some bearers, e.g. latency requirements might not be satisfied. Such bearers could be voice, real time gaming, or SRB. On the other hand, it is expected that there would be no impact on QoS of services like best-effort service when using LAA. 
Here we discuss in detail about the impact on the latency due to the unstable radio condition in unlicensed spectrum. Uplink is used as an example here. Consider a bearer carried over RLC UM. Whenever there is an UL grant in one of the serving cells, UE applies logical channel prioritization to decide how to utilize the UL grant. When doing so, UE does not distinguish between which carrier it receives UL grant. It is possible that UE transmits data of a delay sensitive service on unlicensed spectrum, and some packets could be lost due to the unstable radio conditions or more latency is expected to successfully complete HARQ operation. Therefore, the delay requirement might not be satisfied due to unstable radio condition in unlicensed spectrum.
Proposal 1: RAN2 to discuss whether there is QoS issue due to the introduction of unlicensed carrier(s) in uplink.
2.2     Potential solutions

Assuming that RAN2 agreed to address the QoS issue in uplink, we discuss some potential solutions below.

Solution 1: Dual connectivity like architecture
One possibility is to adopt dual connectivity architecture. By categorizing bearers handled by licensed carriers as MCG bearer and bearers handled by both licensed and unlicensed carriers as split bearer, the QoS issue can be resolved. However, carrier aggregation architecture is assumed in LAA and dual connectivity might be out of scope of the SI. There might be some drawbacks as well: e.g. the additional PDCP reordering for split bearer, some additional MAC/PHY overhead compared with carrier aggregation (e.g. RACH is required for SeNB addition, while RACH is not mandatory for SCell addition in case of CA), and UL data restriction for split bearer. To overcome these issues, some enhancements are needed if dual connectivity like architecture is used for LAA.
Solution 2: Bearer mapping restriction 
In this solution, delay sensitive services (e.g. VoIP, real time gaming) or services require high reliability (e.g. Signaling Radio Bearer) can be mapped only on licensed carriers. The principle is similar as that illustrated in Figure 2. 
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Figure 2: Bearer mapping restriction
In DL, this can be implemented in eNB implementation as RAN2 agreed. For UL, one simple approach is to modify logical channel prioritization procedure (LCP) so that UE only permits logical channels when certain carriers are scheduled. For example, SRB transmission can be allowed when licensed carriers are scheduled. 
In Table 1 below we show the comparison of the potential solutions. 
Table 1: Comparison of potential solutions
	Solutions
	Dual connectivity like architecture
	Bearer mapping restriction

	Solve QoS issue in UL
	Yes
	Yes

	Standardization impact
	Big
	Small

	Impact to bearers mapped on all serving cells
	Yes
	No


Proposal 2: RAN2 to discuss the feasibility of the potential solutions to solve QoS issue on unlicensed carrier(s).
3      Conclusion
In this contribution, we discuss how to improve QoS for LAA on unlicensed spectrum, and propose the following:

Proposal 1: RAN2 to discuss whether there is QoS issue due to the introduction of unlicensed carrier(s) in uplink.
Proposal 2: RAN2 to discuss the feasibility of the potential solutions to solve QoS issue on unlicensed carrier(s).
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