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1. Introduction
RAN 1 has agreed that Rel-13 LAA supports at least one DL LBT priority class (class 3). Use of other LBT classes is dependent on the need to resolve further details [1]. In this contribution we look at the open aspects of defining multiple LBT classes and propose a way forward.
2. QoS Handling in LAA

Based on discussions in RAN2, the following text was captured in the LAA TR [2]:
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 are outside the control of the operator: other RATs (e.g. WLAN) or LAA nodes of other operators etc. In the extreme case, the resources of LAA cell(s) can be of little use due to very strong interference and/or very low channel availability. In addition, LBT and DTX need to be supported to meet regulatory requirements. This could impact QoS of some bearers, e.g. latency requirements might not be satisfied, if the characteristics of LAA cell are not fully considered when traffic mapping is performed. Thus, the characteristics of an LAA cell should be considered when mapping traffic from radio bearers to carrier(s).

For downlink data transmission, the eNB can decide which data of which radio bearers is mapped to which carrier(s) (in licensed or unlicensed spectrum). Hence, there is no impact on LTE RAN specifications.
The following observations can be made:
· Observation 1: Data on unlicensed spectrum may be subject to unforeseen delays which are beyond eNB control. As such, from the eNB perspective there are no QoS guarantees for data transmitted purely on the unlicensed carrier(s).
· Observation 2: QoS may be guaranteed in LAA via falling back to licensed spectrum when necessary.  For downlink this is under network control via scheduling.
· Observation 3: The TR text above is based only on such a fall-back mechanism, and concludes that this is sufficient for a functional system in Rel-13 without additional impacts to the specifications.
3. Multiple LBT classes in downlink

Proposals have been made in RAN1 to introduce multiple LBT classes on DL. These have different contention window (CW) sizes and different numbers of CCA slots “n” in the defer period, per the table below.
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Using a higher priority LBT class may provide quicker access (i.e. priority access to the channel).  However, for this mechanism to work and be fair in an unlicensed spectrum, the device accessing the channel with higher priority should also keep the channel for a shorter duration of time, e.g. as reflected in IEEE 802.11-2012:
	Level
	Priority
	CWmin
	CWmax
	n
	Max TxOP

	Highest
	Voice
	3
	7
	1
	1.5ms

	Next highest
	Video
	7
	15
	1
	3.0ms

	Typical
	Best effort
	15
	63
	3
	[Regulatory limit]

	Lowest
	Background
	15
	1023
	7
	[Regulatory limit]


· Observation 4: Agreement on Max TxOP durations is necessary before multiple LBT priority classes can be introduced.
In LAA, multiple users may be scheduled within the TxOP duration, and when these users have different classes of traffic, a single (e.g. the lowest) LBT priority class must be selected.  Therefore from an LAA system performance perspective, there are trade-offs between gaining higher priority access to the channel and shortening the maximum TxOP available for DL transmission bursts.  That is, the scheduler is not able to simultaneously group (within the same TxOP) users with different priority classes without sacrificing the higher-priority channel access.
So far, this aspect has not been investigated in detail, hence it remains unclear whether use of multiple LBT classes delivers overall benefits in a system that is also capable of scheduler fall-back to licensed.

· Observation 5: Further study is needed to determine whether the use of multiple LBT priority classes results in net system benefits when scheduler fall-back to licensed is also employed, and when a mix of different traffic classes are present.
4. Proposals
1. DL LBT priority class 3 should be specified as the baseline for LAA in Rel-13.  This may be used along with scheduler fall back to licensed, to ensure QoS per the assumptions made in the study item.
2. Prior to adoption of multiple DL LBT classes, RAN1 should agree the associated maximum TxOP durations for each class.
3. RAN1 should evaluate whether the use of multiple LBT priority classes results in net system benefits when scheduler fall-back to licensed is also employed and when a mix of different traffic classes are present.
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