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1. Introduction
In the RAN1#92bis meeting [1], the following was agreed:
	Agreements:  
· A DL category 4 LBT priority class is defined at least by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period in Table below where the smaller the LBT priority class number, the higher the priority.
· In the table CWmin, CWmax and n refer to the minimum contention window size, the maximum contention window size and the number of CCA slots in the defer period, respectively. 
· Rel-13 supports at least DL LBT priority class 3
· Use of different LBT parameters than the DL LBT priority class 3 will be supported in Rel-13 if RAN2 and RAN1 finds the associated work feasible within Rel-13 time frame
· For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.
· Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3. 
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· Note:  The Maximum channel occupancy time (and whether different values per LBT class are needed) requires further discussion
· FFS if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
· FFS if more DL LBT priority classes are needed.
· FFS on the DL LBT priority class for UL grant only transmission


According to [2], RAN2 will need to introduce a mapping table if we have >1 class in R13. In this work, we will mainly discuss the mapping of QCI to LBT priority class.
2. 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). A QCI is a scalar that is used as a reference to access node-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the eNB. 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 [3].
Table 1  Standardized QCI characteristics
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss
Rate
	Example Services

	1
	
	2
	100 ms
	10-2
	Conversational Voice

	2
	
GBR
	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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	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
	Non-GBR
	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
	
	
	


In the RAN2#89, the following was agreed: “For DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed)”. But whether GBR bearer should be mapped to unlicensed carrier has not been discussed yet. 
The definition of GBR [4] is as follows: “An EPS bearer is referred to as a GBR bearer if dedicated network resources related to a Guaranteed Bit Rate (GBR) value that is associated with the EPS bearer are permanently allocated (e.g. by an admission control function in the eNB) at bearer establishment/modification. Otherwise, an EPS bearer is referred to as a Non-GBR bearer.” Since the LAA unlicensed resources is unpredictable due to the LBT, it may be inappropriate to map GBR traffic to unlicensed carrier.
Proposal 1 Only non-GBR traffic could be mapped to unlicensed carrier.
· User Priorities in 802.1D
The EDCA mechanism defines four access categories (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 last RAN1 meeting, “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.
The services whose QCI is 5 enjoy the highest priority in LTE, so they should certainly use the highest LBT priority class. 
The services whose QCI is 6/8/9 are mainly background services that use the lowest priority in 802.1D, similarly they should use a relatively low LBT priority class (3 or 4). 
The services whose QCI is 7 are mainly voice and video that require low packet delay. From the perspectives of time delay, we think such services should use LBT priority class 2.
Table 3  Mapping of QCI to LBT priority class
	QCI related
	UP related
	

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

	5
	1
	100 ms
	10-6
	IMS 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
Background
	3/4

	7
	7
	100 ms
	10-3
	Voice,
Video (Live Streaming)
Interactive Gaming
	Voice
Video
	2

	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
Background
	3/4

	9
	9
	
	
	
	
	



Proposal 2 The services whose QCI is 5 should use the LBT priority class 1. The services whose QCI is 7 could use the LBT priority class 2. The services whose QCI is 6/8/9 could use the LBT priority class 3/4.
2.2  eNB related behaviours 
As agreed in RAN1 that “For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.” But it has not yet decided whether the lowest or highest priority shall be used for the LBT parameters when an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes.
In legacy LTE, MAC multiplexing and logical channel prioritization (LCP) for downlink transmission is left for eNB implementation. While for uplink transmission, MAC PDU is constructed using standardized LCP procedure. In general, data from the logical channel with higher priority would be sent earlier with LCP procedure. Thus we think similar principles should be used in LAA to meet the packet delay requirement of different services. Correspondingly the highest LBT priority should be used when an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes. 
Proposal 3 The highest LBT priority shall be used when an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes.
DL scheduling in legacy LTE is per UE instead of per bearer. If this is also applied in LAA, it would lead to a kind of normalcy that an intended DL transmission burst always contains traffic corresponding to the highest LBT priority classes. Further, the eNB would always contend the unlicensed channel with Wi-Fi STAs using the set of LBT parameters corresponding to the highest LBT priority classes. As a result, the goal of fair coexistence with other Wi-Fi would not be achieved. 
To be friendly with Wi-Fi, some restrictions should be put on the LAA eNB: Only when the eNB wins the contention, it could generate MAC PDU from the buffer of the logical channel corresponding to the used LBT priority class. Only when the buffer of this logical channel is emptied and there is still radio resource left, MAC SDUs from other logical channels can be multiplexed. 
Proposal 4 To be friendly with Wi-Fi, some restrictions should be put on the LAA eNB: 
a) Only when the eNB wins the contention, it could generate MAC PDU from the buffer of the logical channel corresponding to the used LBT priority class. 
b) Only when the buffer of this logical channel is emptied and there is still radio resource left, MAC SDUs from other logical channels can be multiplexed.

3. Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1 Only 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 The services whose QCI is 5 should use the LBT priority class 1. The services whose QCI is 7 could use the LBT priority class 2. The services whose QCI is 6/8/9 could use the LBT priority class 3/4.
Proposal 3 The highest LBT priority shall be used when an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes.
Proposal 4 To be friendly with Wi-Fi, some restrictions should be put on the LAA eNB: 
c) Only when the eNB wins the contention, it could generate MAC PDU from the buffer of the logical channel corresponding to the used LBT priority class. 
d) Only when the buffer of this logical channel is emptied and there is still radio resource left, MAC SDUs from other logical channels can be multiplexed.
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