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1 Introduction

In last RAN2 meeting, work scope and time plan for LAA was discussed and following agreements are derived for DL LBT operation [1][3]. 
	Agreements
Proposal 1: Based on RAN1 input, RAN2 should discuss how to capture DL LBT operation to support services of various QoS classes.



During study item phase, RAN1 discussed four different LBT mechanisms and the category 4 LBT was selected for PDSCH transmission[2]. Even though figure 7.2.1.6-1 in TR36.889 illustrates overall operation flow for category 4 LBT, there is no detail functional splitting between MAC and physical layer.

In this contribution, we define higher layer functionalities for category 4 LBT and discuss considerations on those functionalities. 

2 Discussion
For category 4 LBT(Cat.4 LBT), followings can be considered as higher layer functionalities, as shown as red ovals in Figure 1. 
· CCA request when data transmission is required
· Delivery of MAC PDUs to physical layer
· Configuration of contention window and back-off counter
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Figure 1. Flowchart of DL LAA SCell Cat 4 LBT Procedure
CCA request 
After reception of downlink data from upper layer, MAC requests to initiate CCA for downlink transmission. Since downlink data is transmitted by PDSCH, physical layer initiate a Cat.4 LBT procedure at reception of CCA request from MAC. Regarding configuration of channel access parameter for PDSCH transmission, RAN1 decided that different LBT parameters can be applied for Cat.4 LBT procedure according to QoS class of traffic in last meeting. 
If various QoS traffic is allowed to transmit on LAA SCell, MAC would be responsible for selection of LBT parameters for channel access, and physical layer should perform Cat.4 LBT procedure with parameters provided by MAC. This is because only MAC scheduler decides on which types of traffic is transmitted at each transmission opportunity.
Proposal 1: Considering transmission of various QoS traffic over LAA SCell, MAC should configure channel access parameters for a Cat.4 LBT procedure.
Delivery of MAC PDUs
There are two different issues for MAC PDUs delivery for downlink transmission. 
The first one is a point of time when MAC PDU is constructed and the other one is that which types of RLC PDUs are multiplexed into a MAC PDU.
Downlink transmission is achieved by processing of user plane protocols and physical layer procedure. The user plane protocols mean PDCP, RLC and MAC, especially RLC and MAC is tightly integrated with scheduler. For downlink transmission, physical layer also interacts with scheduler to report measurement information or to exchange operation parameters. Basically, scheduler indicates MAC PDU generation when downlink traffic arrives at RLC. For the procedure, scheduler informs MAC layer of MAC PDU size based on volume of radio resource allocation. Based on scheduler control, MAC constructs a MAC PDU and delivers it to physical layer. After reception of MAC PDU, physical layer performs a series of physical layer procedures such as channel coding, modulation, channelization and PRB allocation. As result of above procedures, a transport block is constructed.
In order to perform above user plane procedure, it is well known that at least more than 1ms is required for processing time, quoted from white paper provided by LTE chip vendor. Additionally, unlike licensed LTE, LAA eNB is only able to access unlicensed channel when the channel is not occupied by other devices. Therefore, downlink transmission may not always align with subframe boundary of PCell and subframe size may be variable. Considering above constraints, it is necessary for RAN2 to discuss a point of time to construct MAC PDU. 
Following two alternatives can be considered regarding time of MAC PDU generation. 

· Option 1: Construction of MAC PDU and physical layer channels after CCA
In this mechanism, MAC PDU and transport block are generated after CCA operation. A strong point of this mechanism is that MAC PDU can be constructed based on exact channel occupancy time. But, this mechanism is inefficient, because channel occupancy time is wasted for MAC PDU generation and physical layer processing. 
Considering partial subframe, eNB should calculate how much radio resource could be allocated for first downlink subframe after CCA in the light of processing time. If eNB decides not to use the first subframe, downlink transmission can be occurred at next subframe (i.e. 1-a in figure 2). Considering floating subframe, even though first subframe after CCA can have 1ms, the last subframe may be shorter than 1ms due to maximum channel occupancy time. 
In terms of MAC PDU generation, floating subframe is preferable because first subframe can be always fixed with 1ms.
Figure 2 shows an example of downlink transmission when the option 1 is applied. 
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Figure 2. Example of downlink transmission with option 1 (max COT: 4ms)
· Option 2: Construction of MAC PDU and physical layer channels before CCA
In this mechanism, MAC PDU and transport block is generated before CCA operation. Advantage of this scheme is that efficiency of radio resource would be increased, as channel occupancy time is fully utilized for downlink transmission. However, it is difficult for eNB to estimate length of first subframe because CCA duration may be variable. Additionally, there may be a possibility that transport block cannot be transmitted on downlink due to lack of radio resource to accommodate the transport block, if partial subframe is considered. 
Therefore, for partial subframe, following mechanism can be considered to solve above problem.  The solution is to prepare multiple transport blocks with predefined size. For example, if only two types of formats such as 1ms and 0.5ms are supposed to be first subframe after CCA, eNB would construct two different transport blocks for each case. In this case, downlink transmission is occurred only when the first subframe size is greater than or equal to 0.5ms. If the first subframe length is less than 0.5ms, next subframe would be used for transmission of transport block with 1ms length (e.g. 1-a in figure 3). So if we considers partial subframe in option 2, a rule for transport block selection is required depending on the subframe size. 
Considering floating subframe, since it is sufficient to prepare one MAC PDU for transmission, floating subframe is preferable to partial subframe. However, it may result in complexity of UE due to no alignment of subframe boundary to PCell. 
Figure 3 shows an example of downlink transmission when the option 2 is applied.
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Figure 3. Example of downlink transmission with option 2 (max COT: 4ms)
Observation 1: If partial subframe is used as framing structure of LAA SCell, it is desirable that MAC PDU should be constructed after CCA.
Observation 2: If floating subframe is used as framing structure of LAA SCell, there is no restriction on MAC PDU construction.
Proposal 2: RAN2 is requested to discuss a point of time when MAC PDU should be constructed for PDSCH transmission with LBT category 4. 
The next issue is multiplexing of MAC PDU. In other words, which types of RLC PDUs can be consisted of a MAC PDU.
Assuming different LBT parameter is applied for CCA operation according to QoS class, it is questionable whether RLC SDUs 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 parameter is required for CCA operation, since RLC PDUs with same QoS class are multiplexed into a MAC PDU. This mechanism is beneficial for fair coexistence with WiFi. But, in the case, we should take into account the case where radio resource is remained after requested QoS traffic is wholly transmitted. 
· Option 2: Multiplexing of RLC PDUs with different QoS classes
In this mechanism, different QoS traffic may be multiplexed into a MAC PDU. Thus efficiency of radio resource may be increased in case that small size traffic with different QoS is transmitted. In this case, we should consider which kinds of LBT parameter is applied for Cat.4 LBT operation. 
If conservative approach is needed for fair coexistence, the parameter for lowest QoS traffic should be applied for LBT operation. Otherwise, some other mechanisms are needed.
Observation 3: In terms of radio resource utilization, it is beneficial to allow multiplexing of multiple RLC PDUs with different QoS class.
Observation 4: Considering multiplexing of different QoS traffic, LBT parameter configuration should be defined.
Proposal 3: RAN2 is requested to discuss which kinds of RLC PDUs can be multiplexed into a MAC PDU in consideration of LBT parameter configuration.

Configuration of contention window and back-off counter 
There was discussion on contention window(CW) adjustment for Cat.4 LBT in last RAN1 meeting. And following options are derived.

· Option 1: HARQ feedback based approach

· Option 2: eNB assessment based approach (i.e. channel sensing at eNB)
Since, HARQ feedback is generated by MAC in legacy specification, CW size is also decided by MAC based on result of downlink transmission, if option 1 is considered. eNB assessment based approach is based on busy period between transmissions or on ratio of idle slots against busy slots. Since the channel sensing information may be exploited for channel selection, the information may be reported to MAC. Hence MAC is able to configure CW size with channel sensing information.
In addition to the CW range configuration, we think MAC also performs selection of back-off counter within contention window. 

Proposal 4: MAC should configure parameters for contention window for LBT category 4 based on HARQ feedback or eNB assessment.
3 Conclusion
In this contribution, we discussed higher layer impact according to introduction of LBT category 4 for PDSCH transmission. Based on the discussion, we have following observations and proposals.
Proposal 1: Considering transmission of various QoS traffic over LAA SCell, MAC should configure channel access parameters for a Cat.4 LBT procedure.
Observation 1: If partial subframe is used as framing structure of LAA SCell, it is desirable that MAC PDU should be constructed after CCA.

Observation 2: If floating subframe is used as framing structure of LAA SCell, there is no restriction on MAC PDU construction.

Proposal 2: RAN2 is requested to discuss a point of time when MAC PDU should be constructed for PDSCH transmission with LBT category 4. 
Observation 3: In terms of radio resource utilization, it is beneficial to allow multiplexing of multiple RLC PDUs with different QoS class.

Observation 4: Considering multiplexing of different QoS traffic, LBT parameter configuration should be defined.

Proposal 3: RAN2 is requested to discuss which kinds of RLC PDUs can be multiplexed into a MAC PDU in consideration of LBT parameter configuration.
Proposal 4: MAC should configure parameters for contention window for LBT category 4 based on HARQ feedback or eNB assessment.
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