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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 was not concluded due to the need to resolve further details [1], [3]. In this contribution we look at the open aspects relevant to RAN2 for defining multiple LBT classes.
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 a delay which is 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 by 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 the above 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 in the defer period “n” as summarised in 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, as noted in [3], further investigation is necessary to understand the need and gains from this mechanism. This investigation needs to happen in RAN1. From RAN2 perspective, a mapping between the required QoS and the LBT priority class is necessary. One example mapping is as shown below: 

	QCI
	Resource Type
	Packet Delay Budget
	Example Services
	LBT priority class

	1
	GBR
	100ms
	Conversational Voice
	[2]

	2
	
	150ms
	Conversational Video (Live Streaming)
	[2]

	3
	
	50ms
	Real Time Gaming
	[1]

	4
	
	300ms
	Non-Conversational Video (Buffered Streaming)
	[3]

	65
	
	75ms
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)
	[1]

	66
	
	100ms
	Non-Mission-Critical user plane Push To Talk voice
	[2]

	5
	non-GBR
	100ms
	IMS Signalling
	[2]

	6
	
	300ms
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	[4]

	7
	
	100ms
	Voice,
Video (Live Streaming)
Interactive Gaming
	[2]

	8
	
	300ms
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	[4]

	9
	
	300ms
	
	[4]

	69
	
	60ms
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)
	[1]

	70
	
	200ms
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)
	[3]


Observation 4: RAN2 needs to agree a mapping between QCI and the LBT priority class in order to define multiple LBT priority classes in Rel-13 
Since overall QoS design is SA2 responsibility, it is recommended that RAN2 sends an LS to SA2 to indicate that the above mapping between QCI and DL LBT classes be discussed and agreed. 
4. Proposals
1. RAN 2 should indicate to RAN1 in a response LS to [1] that from the RAN2 perspective:
“Data on unlicensed spectrum may be subject to a delay which is beyond eNB control. As such, from the eNB perspective there are no QoS guarantees for data transmitted purely on the unlicensed carrier(s). QoS may be guaranteed in LAA by falling back to licensed spectrum when necessary.  For downlink this is under network control via scheduling. As noted in the 3GPP TR 36.889, this mechanism is sufficient for a functional system in Rel-13 without additional impacts to the specifications”

2. If RAN1 agrees on having multiple LBT classes for DL within Rel-13, RAN2 should design a mapping between QCI and the LBT priority class based on a table as shown in section 3 and send an LS to SA2 for their feedback
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