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1. Introduction

In Rel-13 two features were specified by 3GPP where radio resources from unlincesed band can be aggregated at the radio level with radio resources from licensed carrier to meet the traffic demand of the user. These two features namely 

- Licensed Assisted Access (LAA), which is based on carrier aggregation (CA) principle  

- LTE WiFi Aggregation (LWA), which is based on dual connectivity (DC) principle.

With regards to that traffic from certain bearers can be offloaded to a carrier served from the unlincensed band by means of LAA or LWA. It is beneficial to keep the consistency aspect of QoS handling on the the unlincensed carrier for the same bearer, because the user would expect similar QoS handling on the unlicensed carrier. 
However, traffic with the same QCI may be mapped to different WLAN QoS in LWA and LAA repectively, W.R.T.
- the QoS mapping for LWA is done by WT and left to implementation.

- the QoS mapping for LAA is done by the eNB according to table specified in TS 36.300 session 5.7.1. 
In this contribution we analyze two scenarios for a UE capable of LWA and/or LAA and propose to keep the consistency aspect of QoS mapping by WLAN Termination (WT) compared to the QoS mapping by LAA eNB.
2. Discussion
Consider a UE capable of LAA and LWA is served in an operator network where the UE moves from LAA coverage area to LWA coverage as shown in Figure 1. When the UE is in the LAA coverage area some of the bearers are oflloaded to LAA SCells then the QoS handling of packets belonging to offloaded bearers associated with certain QCI values can be mapped with LBT channel priority class according to the recommended table adopted in TS 36.300 i.e. (Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI). When the UE moves to LWA coverage area then the bearers offloaded to LAA SCells may be reconfigured as LWA bearers to be scheduled by WiFi RAT. In such a scenario the QoS handling of LWA bearers is left to WT implementation. If there is no recommended mapping of QCI values to WiFi AC then the UE served by the unlicensed spectrum experiences non-uniform QoS for the bearer traffic when it is in LWA coverage area compared to when it was in LAA coverage area. 
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Figure 1.
Consider another example where UE#1 is LAA capable and UE#2 is LWA capable served in an operator network where UE#1 is configured with LAA SCells and UE#2 is configured with LWA in the same coverage area as shown in Figure 2. Some bearers of UE#1 are oflloaded to LAA SCells then the QoS handling of packets belonging to offloaded bearers associated with certain QCI values can be mapped with LBT channel priority class according to the recommended table adopted in TS 36.300. Assume LWA bearers of same QCI are oflloaded on Xw towards WiFi SeNB for UE#2, then in such a scenario the QoS handling of LWA bearers is left to WT implementation. If there is no recommended mapping of QCI values to WiFi AC then the UE#2 served by the same unlicensed spectrum experiences non-uniform QoS for the same QCI valued bearer as UE#1 which is served by LAA SCell.  
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Figure 2
Observation#1: LAA and LWA capable UE served by the unlicensed spectrum experiences non-unfirm QoS for the bearer traffic when it is in LWA coverage area compared to when it was in LAA coverage area.

Observation#2: LAA capable UE and LWA capable UE served by the unlicensed spectrum experiences non-unfirm QoS for the same QCI valued bearer traffic when served by LAA SCells and WiFi SeNB respectively in the same coverage area.

We therefore believe without a recommended mapping table between QCI and WiFi AC, the user is at risk to experience different QoS handling for the traffic with the same 3GPP QCI in unlicensed spectrum when bearer traffic is handled by LAA SCells and WiFi SeNB in LWA. It is disadvantageous to the UE from overlla QoE perspective. Therefore we propose RAN3 to adopt the following mapping table in TS 36.300 which is aligned with the recommended mapping table adopted for LAA.
Table 2
	QCI
	WLAN Access Category
	Channel Access Priority Class

	1, 3, 5, 65, 66, 69, 70
	AC_VO
	1

	2, 7
	AC_VI
	2

	4, 6, 8, 9
	AC_BE
	3

	-
	AC_BK
	4


Based on the above, RAN3 is requested to discuss and if possible agree on the following proposals:

Proposal#1: RAN3 is requested to adopt in TS 36.300 the maping table for QCI to WiFi AC mapping as shown in Table 2. 

Proposal#2: RAN3 is requested to agree a corresponding draft CR proposed in [1].

NOTE: The draft CR was proposed in RAN2 in RAN2#93Bis but it was not pursued by RAN2 because QoS handling decision by WT was taken by RAN3. Therefore it is more appropriate for RAN3 to take the decision on the proposed mapping table.
4. Annex: Background
4.1 LWA QoS mapping
In Rel-13, RAN2 and RAN3 did normative work for LWA based on DC framework where PDCP PDUs can be offloaded on Xw interface to be scheduled by Wi-Fi RAT [2], [3]. RAN3 discussed the QoS handling of the bearers namely LWA bearers oflloaded to WiFi on Xw and agreed that LTE eNB provides LTE QoS parameters (QCI, ARP etc) associated with the LWA bearer to WT. Further mapping of LTE QoS parameter to WiFi QoS parameter is left to WT implementation.

Mapping of LTE QoS parameter to WiFi QoS parameter is done by WT and left to WT implementation.
4.2 LAA QoS mapping
3GPP studied the use of unlicensed spectrum in combination with licensed spectrum and it was shown that it is possible to adapt LTE to operate secondary cells (SCells) in unlicensed spectrum while coexisting in a fair manner with Wi-Fi [4]. LAA operation mode is based on the principle where CA capable UE is configured with SCells from the unlicensed band. These SCells are called LAA SCells where the PHY layer is based on LTE numerlogy. Based on the learning of the study item, RAN1 did normative work for LAA in Rel-13 by specifying mandatory feature/parameter namely Listen Before Talk (LBT) that enables effective and fair coexistence between Wi-Fi and LAA [5]. RAN1 defined four LBT classes as shown in Table 1, called as "Channel Access Priority Classes". The difference between them is the range of possible contention windows, the number of CCA slots in the window and Maximum Channel Occupancy Time. These four LBT classes are based on the Access Classes used in WiFi [6].
Table 1
	Channel Access Priority Class
	number of CCA slots
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	Maximum Channel Occupancy Time
	allowed 
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sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

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

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


LBT channel access priority classes specified for LAA are based on the Access Classes (AC) used in WiFi to ensure fair co-existence with WiFi in unlicensed band.

LBT class 1 has a higher probability of grabbing the unlincensed channel compared to LBT class 3. This is similar to WiFi access class where AC_VO has higher chances of grabbing the unlincesned channel compared to AC_BE. Therefore traffic which is delay sensitive should be mapped to LBT class 1 if served by LAA SCell or AC_VO if served by WiFi SeNB in LWA. Further traffic which is delay tolerant can be mapped to LBT class 3 if served by LAA SCell or AC_BE if served by WiFi SeNB in LWA.

Based on the RAN1 LS [6], RAN2 performed mapping between LBT Channel Access Priority Classes and QCI values [7] and adopted the following recommended mapping table in TS 36.300.

	Excerpted from TS 36.300
5.7.1
Channel Access Priority Classes

For downlink LAA, four Channel Access Priority Classes are defined in [6] which can be used when performing downlink transmissions in LAA carriers. Table 5.7.1-1 shows which Channel Access Priority Class should be used by traffic belonging to the different standardized QCIs. A non-standardized QCI (i.e. Operator specific QCI) should use suitable Channel Access Priority Class based on the below table, i.e. the Channel Access Priority Class used for a non-standardized QCI should be the Channel Access Priority Class of the standardized QCIs which best matches the traffic class of the non-standardized QCI.

Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI

Channel Access Priority Class (
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)
QCI

1
1, 3, 5, 65, 66, 69, 70
2

2, 7
3

4, 6, 8, 9
4

-
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