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Introduction
In [1] RAN1 indicated that they have defined four LBT priority classes for LAA.  
Agreements:
· If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using LBT priority class X (1...4), the eNB shall ensure that:
· The transmission duration shall not be longer than the minimum possible duration needed to transmit all available buffered traffic corresponding to LBT priority classes ≤ X
· The transmission duration shall not be longer than the MCOT for priority class X
· Additional traffic corresponding to LBT priority classes >X may only be included in the DL transmission burst once inclusion of traffic corresponding to LBT priority classes ≤ X has been exhausted.  In such cases, the eNB should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic.
· The above requirements shall be captured within RAN2 specifications.
Agreements:
· Rel-13 LBT supports four LBT priority classes in the RAN1 specifications
· For the LBT priority classes 1 to 4, LAA supports the LBT parameter values shown in the table below
	LBT priority class
	CWmin
	CWmax
	n
	MCOT
	Set of CW sizes

	1
	3
	7
	1
	2ms
	{3,7}

	2
	7
	15
	1
	3ms
	{7,15}

	3
	15
	63
	3
	10 or 8 ms
	{15,31,63}

	4
	15
	1023
	7
	10 or 8 ms
	{15,31,63,127,255,511,1023}


Since RAN1 supports more than one LBT priority class, RAN2 should discuss the mapping of QCI to LBT priority classes further. 
Discussion
2.1  Mapping of QCI to LBT priority class
· QCI characteristics in LTE
Each Service Data Flow (SDF) is associated with one and only one QoS Class Identifier (QCI). Every QCI (GBR and Non-GBR) is associated with a Priority level. The lowest Priority level value corresponds to the highest Priority. Standardized QCI characteristics are listed in Table 1 [2].
Table 1  Standardized QCI characteristics
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss
Rate
	Example Services

	1
	

GBR
	2
	100 ms
	10-2
	Conversational Voice

	2
	
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)
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Non-GBR
	1
	100 ms
	10-6
	IMS Signalling

	6
	
	6
	300 ms
	10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	7
	100 ms
	10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	8
	300 ms
	10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	9
	
	9
	
	
	


It is not difficult to infer from the last RAN1 agreements that the status of the unlicensed channel (e.g., whether LBT is succeeded or not, and/or the channel quality) is known to the eNB before it makes the scheduling decision. In addition, “For DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed)” which was agreed in RAN2#89. If the eNB considers the quality of the unlicensed channel is good, it is possible for the eNB to make the final decision to map GBR traffic to unlicensed carrier.
Proposal 1 Both GBR and non-GBR traffic could be mapped to unlicensed carrier.
· User Priorities in 802.1D
To achieve fair coexistence between LAA and WLAN, access categories (ACs) used in WLAN to support channel access should also be considered when making the mapping table of QCI to LBT priority class.
The EDCA mechanism defines four ACs that provide support for the delivery of traffic with user priorities (UPs) at the STAs. Each AC has two UPs and the service with higher UP should be delivered first. The UP-to-AC mappings are shown in Table 2.
Table 2   UP-to-AC mappings
	Priority
	UP(same as 802.1D user priority)
	802.1D designation
	AC
	Designation
(informative)

	lowest
	1
	BK
	AC_BK
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	2
	-
	AC_BK
	Background

	
	0
	BE
	AC_BE
	Best Effort

	
	3
	EE
	AC_BE
	Best Effort

	
	4
	CL
	AC_VI
	Video 

	
	5
	VI
	AC_VI
	Video 

	
	6
	VO
	AC_VO
	Voice 

	highest
	7
	NC
	AC_VO
	Voice 



According to the agreements in the RAN1 #82bis, “Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.” This also implies that background traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3, but video/voice could use LBT priority class 1/2.
Observation 1 Background traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.
Observation 2 Video and voice may use LBT priority class 1 or 2.
As LAA is part of LTE, it may be more reasonable to map a QCI to LBT priority class according to the QCI’s priority. Meanwhile, LAA is a competitor to WLAN since they are sharing/competing the same unlicensed channel. To achieve fair coexistence between LAA and WLAN, the mapping of QCI to LBT priority classes should also take user priorities into consideration. Our analyses are as follows:
· The services whose QCI priority level is 1/2/3 enjoy the highest priority in LTE and mainly signalling/voice/real-time gaming, so they should certainly use the highest LBT priority class. 
· The services whose QCI priority level is 4/5 are mainly video services that use the second highest priority in 802.1D, similarly they should use a similarly high LBT priority class (i.e., LBT priority class 2). 
· The services whose QCI priority level is 6/8/9 include best effort services. Since best effort services shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3, services with QCI priority level 6/8/9 should use LBT priority class 3 in the best case. This also applies to the services whose QCI priority level is 7.
Table 3  Mapping of QCI to LBT priority class
	LTE
	WLAN
	LAA

	QCI
	Priority Level
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services
	AC
	LBT priority class

	1
	2
	100 ms
	10-2
	Conversational Voice
	Voice
	1

	2
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)
	Video
	2

	3
	3
	50 ms
	10-3
	Real Time Gaming
	-
	1

	4
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)
	Video
	2

	5
	1
	100 ms
	10-6
	IMS Signalling
	Signalling
	1

	6
	6
	300 ms
	10-6
	Video (Buffered Streaming), TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	Video
Best Effort
	3

	7
	7
	100 ms
	10-3
	Voice, Video (Live Streaming) Interactive Gaming
	Voice
Video
	3

	8
	8
	300 ms
	10-6
	Video (Buffered Streaming), TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	Video
Best Effort
	3

	9
	9
	
	
	
	
	



In conclusion, a possible mapping is shown in Table 4.
Table 4   Mapping between QCI to LBT priority classes
	LBT Priority Class
	QCI Priority Level

	1
	Priority < 4

	2
	4 <= Priority < 6

	3
	6 <= Priority <= 9

	4
	N/A


Proposal 2 To agree the above mapping of QCI to LBT priority classes.
2.2  eNB related behaviors 
Different from traditional eNB, LAA eNB should perform LBT before use the transmission resources. Only when the channel is obtained, the LAA eNB can transmit DL data to the UEs. 
A model of the reference implementation is shown in Figure 1 and illustrates a mapping from QCI to LBT priority classes: the four transmit queues, one for each LBT priority class. Assume the eNB selects LBT priority class 3 for obtaining access to the channel. The minimum possible duration needed to transmit all available buffered traffic corresponding to LBT priority classes ≤ 3 is 5ms, and the MCOT for priority class 3 is 10ms/8ms. Thus 5ms is used as the transmission duration. Since spare PRB resources remain, the eNB should maximize occupancy of the remaining transmission resources in the DL transmission burst with additional traffic corresponding to LBT priority classes 4. 
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If LBT is performed before the generation of a MAC PDU, the implementation is easy to follow. If LBT is performed after the generation of a MAC PDU, this implementation also meets RAN1 requirements since only a portion of traffic corresponding to LBT priority classes 4 would be transmitted at this time. Therefore it is not necessary to limit the eNB to perform LBT before or after MAC PDU generation. 


Fig. 1  Reference implementation model
Observation 3 LBT could be performed before or after MAC PDU is generated. 
Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1 Both GBR and non-GBR bearer could be mapped to unlicensed carrier.
Observation 1 Background traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.
Observation 2 Video and voice may use LBT priority class 1 or 2.
Proposal 2 To agree the above mapping of QCI to LBT priority class.
Observation 3 LBT could be performed before or after MAC PDU is generated. 
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