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1 Introduction

In last RAN2 meeting, there was a discussion on DL LBT priority classes which have been defined by RAN1[1]. From the discussion, each company had different view on whether it is necessary to introduce a mapping table for Rel-13 LAA and on which kinds of specification impact should be considered to support multiple LBT priority classes.  
In this paper, we discuss consideration on DL LBT priority classes from RAN2 point of view. 
2 Discussion
Regarding LBT priority classes of DL category 4, following issues should be considered.
Issue 1: Whether to support multiple QoS classes in LAA
Basically, LAA cell is suitable for transmission of non GBR class such as best effort service or background service, since LAA cell may not guarantee strict QoS requirement of GBR class, which is caused by opportunistic channel access. However, if load of LAA cell is sufficiently low, the LAA cell would be used for transmission of various traffic classes including GBR classes not only for non GBR services, similar to licensed cell. 

In current RAN1 agreement, best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3 and 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. 

Considering time frame and work load for Rel-13 LAA work item, it seems that it is difficult to discuss details on multiple QoS classes in LAA cell. Therefore, we think that DL LBT priority class for best effort service is supported in Rel-13 LAA and extension of other priority classes should be discussed in future release.  
Proposal 1: DL LBT priority class 3 or 4 is only supported in Rel-13 LAA. However, mapping table of QCI to LBT priority class can be discussed for forward compatibility. 

Issue 2: Considerations to support multiple QoS classes in LAA
If LAA cell supports multiple QoS classes, following issues should be taken into account.
· Issue 2-1: description on specification
If we consider multiple QoS classes in LAA cell, it is reasonable to specify LBT parameters for each QoS class for fair coexistence with other unlicensed technologies.

Proposal 2: In order to guarantee fair coexistence between LAA and other unlicensed technologies, LBT priority classes should be specified in specification.

· Issue 2-2: mapping of QCI to LBT priority class

In RAN1#82, RAN1 has agreed to introduce multiple LBT priority classes for various traffic classes in LAA cell. The LBT priority class defines different LBT parameters such as minimum and maximum contention window size and the number of CCA slots in defer period according to traffic class, which is similar to EDCA parameter set in IEEE802.11e. 

The QoS concept as used in LTE is class-based, where each bearer type is assigned one QCI(QoS Class Identifier). The QCI is a scalar that is used within the access network as a reference to node specific parameters that control packet forwarding treatment. 

Assuming that LAA cell supports various QoS classes, it is essential to introduce different LBT parameters for fair-coexistence with unlicensed devices in license-exempt band. Additionally, since QCI is basic mechanism to support QoS of traffic in LTE, it is necessary to introduce a mapping table between QCI and LBT priority class.  
According to the Table 6.1.7 in 3GPP TS 23.203[3], 13 QCI values are standardized and associated with QCI characteristics, in term of packet forwarding treatment that the bearer traffic receives edge-to-edge between the UE and the P-GW. Scheduling priority, packet delay budget and packet error loss rate are the set of characteristics defined by the 3GPP standard.  

From the QCI table, RAN2 should firstly decide whether mission critical service can be delivered over LAA cell. Regarding the issue, we think mission critical service is only transmitted over licensed cell, because QoS requirement for the service mainly depends on packet delay budget.  

Proposal 3: LAA cell should not support transmission of mission critical service.
Assuming mission critical service is not considered in LAA cell, only 8 QCIs are map to LBT priority classes depending on priority level and packet delay budget, as shown in below QCI table. The rightmost column indicates LBT priority class corresponding to each QCI. Our classification is mainly based on packet delay budget and priority level and example service.
Proposal 4: RAN2 is requested to discuss mapping table of QCI to LBT priority class, as shown in figure 1.  

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss

Rate (NOTE 2)
	Example Services
	LBT Priority Class

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice
	1

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)
	2

	3
(NOTE 3)
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming
	1

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)
	2

	65
(NOTE 3, NOTE 9)
	
	0.7
	75ms
(NOTE 7, NOTE 8)
	10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)
	N/A

	66
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 10)
	10-2
	Non-Mission-Critical user plane Push To Talk voice
	N/A

	5
(NOTE 3)
	
	1
	100 ms
(NOTE 1, NOTE 10) 
	10-6
	IMS Signalling
	1 

	6
(NOTE 4)
	
	
6
	
300 ms
(NOTE 1, NOTE 10)
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)
	3

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
(NOTE 1, NOTE 10)
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming
	2

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 
	4

	9
(NOTE 6)
	
	9
	(NOTE 1, NOTE 10)
	
	sharing, progressive video, etc.)
	4

	69
(NOTE 3, NOTE 9)
	
	0.5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)
	N/A

	70
(NOTE 4)
	
	5.5
	200 ms
(NOTE 7, NOTE 10)
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)
	N/A


Figure 1. Mapping table of QCI to LBT priority class
· Issue 2-3: configuration of LBT priority class for MAC PDU transmission

Assuming different LBT parameter is applied for CCA operation according to QoS class, it is questionable whether RLC PDUs with different QoS classes can be multiplexed into a MAC PDU or not. For this issue, following alternatives can be considered as candidate mechanisms.
· Option 1: Multiplexing of RLC PDUs with same QoS class

One LBT priority class is required for channel access operation, since RLC PDUs with same QoS class are multiplexed into a MAC PDU. This mechanism is simple. But, we should take into account the case where channel occupancy time is remained after multiplexing of RLC SDUs with the requested QoS class. 
· Option 2: Multiplexing of RLC PDUs with different QoS classes

In this mechanism, RLC PDUs with different QoS can be multiplexed into a MAC PDU. Thus, radio resource of unlicensed cell can be efficiently used for a case that many small size RLC PDUs with different QoS should be transmitted. In this case, we should consider which kinds of LBT priority class is applied for Cat.4 LBT operation. As a conservative approach, lowest LBT priority class can be applied for LBT operation in this option.

Proposal 5: RAN2 is requested to discuss which kind of LBT priority class should be applied for MAC PDU transmission according to multiplexing scheme.
Issue 3: Dynamic configuration of LBT priority class parameters 
There was discussion on contention window(CW) adjustment for Cat.4 LBT in last RAN1 meeting[2]. And following options are derived.

· Option 1: HARQ feedback based approach

· Option 2: eNB assessment based approach(i.e. channel sensing at eNB)

Since, a HARQ feedback is generated by MAC in legacy specification, CW size can be also decided by MAC based on HARQ result considering option 1. The channel sensing approach is based on busy period between transmissions or on ratio of idle slots against busy slots. Since the channel sensing result may be exploited for channel selection, the information is also reported to MAC. Hence MAC is able to configure CW size depending on channel sensing result. In addition to the CW range configuration, we think MAC also performs selection of back-off counter within contention window. 

Proposal 6: MAC should dynamically configure contention window parameters for LBT priority class based on HARQ feedback or eNB assessment.

3 Conclusion
In this contribution, we discussed consideration on DL LBT priority classes. Based on the discussion, we have following proposals.
Proposal 1: DL LBT priority class 3 or 4 is only supported in Rel-13 LAA. However, mapping table of QCI to LBT priority class can be discussed for forward compatibility.
Proposal 2: In order to guarantee fair coexistence between LAA and other unlicensed technologies, LBT priority classes should be specified in specification.

Proposal 3: LAA cell should not support transmission of mission critical service.
Proposal 4: RAN2 is requested to discuss mapping table of QCI to LBT priority class, as shown in figure 1.  

Proposal 5: RAN2 is requested to discuss which kind of LBT priority class should be applied for MAC PDU transmission according to multiplexing scheme.
Proposal 6: MAC should dynamically configure contention window parameters for LBT priority class based on HARQ feedback or eNB assessment.
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