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1 Introduction

For the LAA SI, RAN2 has been assigned to look into which impact LAA has on RAN protocols. One issue which needs to be addressed is now to ensure that QoS requirements are fulfilled by tying certain traffic to certain cells. We will in this contribution look in to this.
2 LAA overview
For LAA operation so called LBT operation needs to be applied where the transmitter shall listen to the channel shortly before transmitting anything to ensure that a transmission will not be done when the medium is busy as this would result in a collision. If the channel is busy the transmitting entity will drop the transmission and if the channel is free the transmission can be performed. 
As the medium is shared among non-coordinated devices, the transmitter cannot foresee whether or not the medium will be busy beforehand, it will therefore seem to the transmitter that planned transmissions will be randomly dropped/suppressed.

Observation 1 LBT will make it seem like transmissions are randomly suppressed shortly before they are performed.

Further, when operating in unlicensed spectrum a transmitter is not allowed to transmit for unlimited time. There are rules saying that the transmitter must stop transmitting after a certain time (e.g. 4 ms) before it needs to release the channel to give other entities the chance to grab the channel. This rule will apply to both the eNB and the UE.

Observation 2 On LAA carriers, a transmitter is only allowed to perform continuous transmission for a limited duration.
3 Routing restrictions in LAA scenarios
The network is responsible for ensuring that the QoS requirements are met for a UE, for example by scheduling a UE using certain amount of resources to meet throughput requirements, and quickly enough to meet delay requirements.
Consider for example a UE using voice service; voice traffic has delay requirements which are rather strict. Based on Observation 1, since the transmitted needs to apply an LBT-mechanism in unlicensed bands the transmitter needs to randomly drop transmissions in unlicensed bands, it may not be suitable to carry voice traffic in unlicensed bands. Another example is RRC signalling in LTE which is essential in order to maintain connectivity and may therefore not be suitable to be sent in unlicensed bands.

And in the other way around; there may be situations when the operator wants to direct certain traffic only towards unlicensed bands to ensure that the licensed bands are reserved for some other traffic. For example, to direct low priority data for some UEs to the unlicensed band when the operator’s licensed carriers are heavily loaded.

In downlink it is fully controlled by the eNB where traffic is sent so the eNB can ensure that QoS requirements are fulfilled. But in uplink it is left to UE implementation on which carrier it transmits certain traffic in a subframe as long as logical channel prioritization rules are fulfilled. Hence there is no way to direct certain traffic over certain carrier’s uplink (see note below which is found in subclause 5.4.3.1 of the MAC specification). For example, if in the same subframe, the UE receives one grant for an licensed carrier and one for an unlicensed carrier the UE can process the grants in whichever order it wants and assign the pending data to whichever carrier it wants, meaning that it could assign data for the SRB to the unlicensed carrier while assigning some low priority to the licensed carrier.

	NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.


While it was acceptable to leave it to UE implementation how to steer the traffic prior to Rel-13, it is not acceptable in LAA-scenarios as the characteristics of licensed spectrum and unlicensed spectrum have some important differences (Observation 1) which makes it impossible for the operator to ensure that the QoS requirements are fulfilled. Therefore there must be a way for the eNB to direct certain traffic towards, or away from, LAA-carriers.
Proposal 1 It should be possible to route certain traffic to a certain type of carrier (LAA-carriers/non-LAA-carriers).

A first question we need to decide on is which traffic granularity the routing restriction should be for. Should it be per logical channel, per logical channel group or per PDN?
First since the split is done in MAC it seems not feasible to do routing per PDN connection, also there may be different types of traffic which has different QoS requirements within one PDN connection. Therefore we should consider putting routing restrictions per logical channel (LC) or per logical channel group (LCG).
Comparing whether to do routing restrictions per LC or per LCG, the most flexible would be to do restrictions per LC. However, something which should be considered is that buffer status reporting is done per LCG. So the UE will report to the eNB how much data it has in the buffers for different LCGs but the eNB will not be able to tell which LC within the LCG has traffic available.
So if we are applying routing restrictions per LC we can end up in a situation where data arrives at a LC which is restricted to only be sent over licensed carriers, but the eNB will of course not know this from the BSR and the eNB wouldn’t know which cell the UE should be granted on. Figure 1 illustrates the problem. In this figure we see four LCs which are grouped in two LCGs (LCG A and LCG B). In this particular case the orange LC is can only be sent on licensed carriers, while the blue channels can be routed on any carrier. If data arrives at the LC 3 or LC 4, the UE reports that it has data in LCG B and the eNB would grant the UE on any carrier and everything works well.

However, if data arrives on LC 1 or LC 2 the UE reports that it has data for LCG A, but the eNB wouldn’t know if data arrived in LC 1 or LC 2 because of this the eNB will not know where to grant the UE; on a licensed carrier or on an unlicensed carrier? If the data arrived in the LC 1 the UE needs a grant on the licensed carrier while if the data arrived on the LC 2 the UE needs a grant on any carrier, but the eNB will not know where to grant the UE. So we see from this example that having different routing restrictions for difference logical channel in a LCG is not suitable. 
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So even if we allow restrictions per logical channel, the only sensible thing to do for the eNB is to give the same routing restriction for the channels within one group, but then there is no point of allowing routing restrictions per logical channel anyway. So it only seems suitable to have restrictions per LCG, not per channel. We therefore propose:
Proposal 2 The UL routing restrictions are per logical channel group.

A second question we should answer is; should an LCG be tied to a certain type of cell (LAA cell vs. cell in licensed bands) or tied to a certain cell? In the LAA-scenario we need at least to tie LCGs to certain type of cell (LAA/non-LAA cell) but we could also consider the higher granularity alternative and allow the eNB to tie LGGs to specific cells(s). The difference between the two alternatives seems to mostly boil down to how many bits for RRC messages are needed. With the approach to tie LCGs to a certain type of cell (LAA/non-LAA cell) we need one bit per LCG, while if we should indicate a set of cells which a LCG should be tied to then we need a bitmap of size 8 (or 32 considering the CA enhancements work item).

We assume that since we anyway need routing restrictions in LAA-scenarios we could design the solution such that it is flexible and can be applied also in other scenarios. So we suggest to allow a LCG to be tied to certain cells(s):
Proposal 3 The eNB should indicate per LCG which serving cells the UE is allowed to route traffic to.

4 Conclusion

We have in this contribution discussed routing restrictions for LAA scenarios and propose the following:
Proposal 1
It should be possible to route certain traffic to a certain type of carrier (LAA-carriers/non-LAA-carriers).
Proposal 2
The UL routing restrictions are per logical channel group.
Proposal 3
The eNB should indicate per LCG which serving cells the UE is allowed to route traffic to.


Figure � SEQ Figure \* ARABIC �1�: Example with routing restriction per logical channel.
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