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1 Introduction
In RAN2 #89bis meeting, the agreement relevant to LAA DL QoS is obtained as following:

· 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.

In this contribution, we will further investigate the QoS control in LAA UL, including service QoS, BSR and logical channel prioritization procedure.

2 Discussion
2.1 Service QoS Supporting in LAA UL
Since LBT has to be performed first, channel availability cannot be always guaranteed on unlicensed cell. And there is also the limitation on the maximum transmission duration in some regions. Hence, certain services with higher QoS requirements are not suitable to be transmitted on unlicensed cell. For example, VoIP service may suffer additional and unpredictable amount of delay, if it is carried on unlicensed cell, due to the required LBT operation. For other types of bearers, their QoS can be ensured as long as they are not always transmitted on unlicensed cell, or if the UL cross-cell HARQ retransmission is supported. In other words, these kinds of bearers can be transmitted on mixed UL resources between licensed cell and unlicensed cell. Then those best effort bearers, which can tolerate longer latency, can even be always offloaded on unlicensed cell. 
In summary, when QoS control is discussed for LAA UL, we can categorize services into the following types: 

· Type 1 bearer: a bearer which is not allowed to use UL resources on unlicensed cell.

· Type 2 bearer: a bearer which is allowed to use UL resources on unlicensed cell, as long as licensed cell can be used as backup.

· Type 3 bearer: a bearer which can be always offloaded on unlicensed cell.

Observation 1: when QoS control is discussed for LAA UL, services can be categorized into the above three types.

2.2 Buffer Status Reporting
The BSR procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of a UE [1]. 
Network should obtain buffer status for different types of bearers, so that it can determine how much UL grant should be given to the UE on licensed and unlicensed cells, respectively. This can be achieved by assigning different types of bearers to separate logical channel groups. The exact logical channel group allocation can be left to the eNB implementation. 
Observation 2: eNB can obtain buffer status of different types of bearers by assigning different types of bearers to separate logical channel groups. 
2.3 Logical Channel Prioritization Procedure in LAA UL
In legacy logical channel prioritization (LCP) procedure, the PBR, bucket size duration (BSD) and logical channel priorities are used to ensure that high priority bearers are served first while avoiding the starvation of lower priority ones. Currently the UE processes the UL grants from multiple cells equally, and there is no special mapping between bearers and cells. If the legacy LCP is applied in LAA UL, however, it is possible that MAC SDUs of type 1 bearer get transmitted on unlicensed carrier in some sub-frames, and suffer longer delay. Similarly for type 2 bearer, some efforts may be required for this type of bearers to get UL grant from licensed cells from time to time, and not get stuck on unlicensed cells for long period of time.
In order to assure QoS for different types of bearer, the following options can be considered.

· Option 1: to support UL cross-cell HARQ retransmission;
· Option 2: UE decides which bearer can be transmitted on which kinds of cell (licensed/unlicensed) during LCP procedure;

· Option 3: eNB decides which bearer can be transmitted on which kinds of cell (licensed/unlicensed) when configuring one RB for UE.

As discussed in the section 2.1, option 1 only cannot assure QoS of type1 bearer due to the latency introduced by LBT. But it is possible that cross-cell HARQ retransmission can help meet the QoS requirement of the type2 bearer. 

With the option 2, the UE will not transmit packets of type1 bearer on the unlicensed cell. For example, the UE can decide to transmit the VoIP packets with UL grants of the licensed cell. In addition, with different type of bearers assigned to separate logical channel groups, the eNB can obtain the BSR and make sure that there are sufficient UL grants for type1 bearer on licensed cells. Similarly, the eNB can also allocate enough UL grants on licensed cells and/or unlicensed cells to serve type 2 bearers. However, the effectiveness of this option hinges on the understanding of each other’s intent between UE and eNB. For example, if eNB schedules a UL grant on licensed cell for type 1 bearer, but UE uses it for type 2 bearer instead, this would leads to reduced transmitting opportunity for type 1 bearer, yet waste of resource on unlicensed cell as there are less data of type 2 bearer for transmission.
With the option 3, eNB can explicitly configure which bearer cannot be transmitted on unlicensed cell, or which bearer can only be transmitted on licensed cell. Further, for one bearer that is not explicitly configured to be only transmitted on licensed cell, it can be transmitted on the unlicensed cell. Hence, the option 3 is beneficial for the operator to control the load distribution between licensed and unlicensed cells. This option also allows eNB to configure the suitable logical channel priority, PBR and BSD for one bearer according to whether this bearer can utilize UL grants of unlicensed cells. On the other hand, the option 3 requires some significant specification changes.
Table 1: Comparisons of UL QoS control options

	Options
	Pros
	Cons

	Option 1
	· QoS control can be provided for type2 bearer.
	· QoS of type1 bearer cannot be ensured.
· Specification impact to support UL cross-cell HARQ retransmission.

	Option 2
	· QoS control can be provided at UE for the three types of bearers.
· Almost no new specification impact (maybe some guideline for UE implementation is required).
	· There is the risk of misunderstanding about service type/logical channel group allocation strategy between UE and eNB, affecting the support of type1 (possibly also type2) bearer.

	Option 3
	· QoS control can be enforced by eNB for the three types of bearers.
	· Specification impact for configuring mapping between bearer and cell.


Based on the above analysis and comparisons, it is feasible to provide QoS control in LAA UL.
Observation 3: It is feasible to provide QoS control in LAA UL.
Currently, one of LCP rules is that the MAC entity shall maximize the transmission of data. After performing LCP step 1 and step 2, if there are some remain resources, all logical channel are served in a strict decreasing priority order (regardless of the values of Bj) until the data for that logical channel or the UL grant is exhausted  whichever comes first [1]. 
Then in LAA, one further issue is if there are some remain resources of unlicensed cell after performing LCP step 1 and step 2, whether the bearer which is mapped to licensed cell (assuming the above option 2 or 3 is adopted) can utilize the remain resources of unlicensed cell. 

[image: image1.emf]RB 1

Priority 1

RB 2

Priority 2

RB 3

Priority 3

B

j

D

a

t

a

B

j

D

a

t

a

D

a

t

a

B

j

?

UL grants of licensed 

carriers

UL grants of 

unlicensed carriers


Fig.1 LCP procedure in LAA
As shown in Fig.1, there are still some available resources from unlicensed cell after the UE performs the LCP step 1 and step 2. The RB1 is mapped on licensed cell and the RB1 has the highest priority. If the remaining resources of unlicensed cell are not allowed to be utilized for the transmission of RB1, these resources will be wasted, as there is no data of other RBs for transmission. This is not aligned with the principle that the MAC entity should maximize the transmission of data [1], in order to avoid unnecessary padding. But if the remaining resources of unlicensed cell are allowed to be utilized, there is a risk that the QoS requirement of RB1 cannot be satisfied, if the UL cross-cell HARQ retransmission is not introduced. 
Observation 4: without the introduction of cross-cell HARQ retransmission, it’d be more challenging to perform UL QoS control while maximizing the utilization of resources in LAA system.
3 Conclusion
This contribution analyzes the QoS control on LAA UL, including service QoS, BSR and logical channel prioritization, with the following observations:
Observation 1: when QoS control is discussed for LAA UL, services can be categorized into the following three types:

· Type 1 bearer: a bearer which is not allowed to use UL resources on unlicensed cell.

· Type 2 bearer: a bearer which is allowed to use UL resources on unlicensed cell, as long as licensed cell can be used as backup.

· Type 3 bearer: a bearer which can be always offloaded on unlicensed cell.

Observation 2: eNB can obtain buffer status of different types of bearers by assigning different types of bearers to separate logical channel groups. 

Observation 3: It is feasible to provide QoS control in LAA UL.
Observation 4: without the introduction of cross-cell HARQ retransmission, it’d be more challenging to perform UL QoS control while maximizing the utilization of resources in LAA system.
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