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Introduction
[bookmark: _GoBack]How to use unlicensed spectrum in combination with licensed spectrum [1] is studied and the outcome of the study is described in [3]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In order to support the LAA as an SCell, work item on Licensed-Assisted Access to Unlicensed Spectrum is approved with objectives described in [2], including:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)

To ensure fairness with WiFi and support data transmission in unlicensed carrier, following channel access priority classes are discussed in RAN1 #82 and via email [4], including following proposal[5]:

· A category 4 LBT priority class is defined by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period (n in Table below).
· In Rel13 for a DL burst transmission containing PDSCH, an LAA SCell operates with a single category 4 LBT priority class at a time when performing random backoff.
· Best effort traffic uses the LBT priority class 3.
· 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 LBT priority classes are needed.
· Inform RAN2
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In addition, to support multiplexing DRS and PDSCH, following is agreed as a working assumption[4]: 

Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH
· FFS how to multiplex DRS and PDSCH in a same subframe 
· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 


In order to support multiplexed data transmission in unlicensed carrier, considering prioritised classes as well as DRS and PDSCH, we will discuss on the possible LAA operation focusing on the channel access procedure. We also propose the channel access procedure for data transmission. 

Discussion on data transmission for LAA

According to the channel access procedure discussed and agreed in RAN1, following (subject to LBT) is considered carefully to ensure the data transmission:

· 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
· PDSCH transmission follows Cat4 LBT
· FFS how to multiplex DRS and PDSCH in a same subframe


Figure 1 shows examples of data transmission with LBT priority classes, including our view on the data transmission and CCA, performing with LBT priority classes: 
· As shown Figure 1 (a), data transmission corresponding to the LBT priority class is only allowed to transmit within the COT, where LBT parameters corresponding to the LBT priority are used and the data corresponding to the priority is transmitted.
· Within the single COT, if the buffer to transmit PCL (e.g, K) data is empty, but buffer to transmit other PCL (e.g. J) data is not empty, those data transmission for PCL J shall not be allowed. Thus, additional CCA (at least extended CCA) shall be performed to grab the channel to transmit the data of PCL J. 
· Only extended CCA for the additional CCA to re-grab the channel for the data (the PCL is the same as that of the data in the previous COT) if COT expires is sufficient based on the Cat4 LBT. 
· FFS: Whether only extended CCA is sufficient for the additional CCA to grab the channel for the data (the PCL is other than that of the data in the previous COT) if COT expires.
· As shown Figure 1 (b), data transmission corresponding to the same or lower LBT priority class is allowed to transmit within the COT, where LBT parameters corresponding to the highest LBT priority are used and data corresponding to the same or lower LBT priority is transmitted.
· Within the single COT, if the buffer to transmit PCL(e.g., K) data is empty but buffer to transmit other PCL(e.g, J) data is not empty, grabbed channel can be used for data transmission of the PCL (J; J<K), where at least first subframe(s) is only used for the data transmission K
· Only extended CCA for the additional CCA to re-grab the channel for the data (the PCL is the same as that of the data in the previous COT) if COT expires is sufficient based on the Cat4 LBT. 
· FFS: Whether only extended CCA is sufficient for the additional CCA for the data (the PCL is other than that of the data in the previous COT) to grab the channel if COT expires. 
· As shown Figure 1 (c), data transmission corresponding to the same or higher LBT priority class is allowed to transmit within the COT, where LBT parameters corresponding to the lowest LBT priority are used and data corresponding to the same or higher LBT priority is transmitted.
· It is up to scheduling whether to transmit data corresponding to any PCL(s)
· Only extended CCA for the additional CCA to re-grab the channel for the data (the PCL is the same as that of the data in the previous COT) if COT expires is sufficient based on the Cat4 LBT. 
· FFS: Whether only extended CCA is sufficient for the additional CCA for the data (the PCL is other than that of the data in the previous COT) to grab the channel if COT expires.

Observation1: If the channel is grabbed as a result of CCA with LBT priority classes, 
· Data transmission corresponding to the same or higher LBT priority class is allowed within the COT of the grabbed channel
· Data transmission corresponding to the lower LBT priority class may not be allowed or lower priority than the data transmission corresponding to the same or higher LBT priority class within the COT of the grabbed channel

Observation2: If the channel is released when COT expires, additional CCA is necessary to re-grab the channel. 
· Only extended CCA based on the Cat4 LBT is sufficient for the additional CCA with the same LBT priority class

Proposal: How to transmit data corresponding to the lower LBT priority class within the COT of the grabbed channel, where the channel is grabbed with higher LBT priority class shall be decided in RAN1, among the following options:
· Option1: no allow the data transmission corresponding to the lower LBT priority class, but additional CCA is necessary:
· Option1-1: additional CCA with initial & extended CCA
· Option1-2: additional CCA with extended CCA only
· Option2: allow the data transmission corresponding to the lower LBT priority class at the end portion of COT
· FFS: end portion of COT for the data transmission corresponding to the lower LBT priority
· For the additional CCA if allowed the data transmission corresponding to the lower LBT priority in the COT:
· Option2-1: additional CCA with initial & extended CCA
· Option2-2: additional CCA with extended CCA only


[bookmark: _Ref430955505][image: ]
[bookmark: _Ref304827461]Figure 1 – data transmission for LBT priority classes (lower PCL is higher LBT priority class)

Conclusion
In this contribution, we discussed about the data transmission with LBT priority classes in unlicensed carrier and observed: 

Observation1: If the channel is grabbed as a result of CCA with LBT priority classes, 
· Data transmission corresponding to the same or higher LBT priority class is allowed within the COT of the grabbed channel
· Data transmission corresponding to the lower LBT priority class may not be allowed or lower priority than the data transmission corresponding to the same or higher LBT priority class within the COT of the grabbed channel

Observation2: If the channel is released when COT expires, additional CCA is necessary to re-grab the channel. 
· Only extended CCA based on the Cat4 LBT is sufficient for the additional CCA with the same LBT priority class

In addition, to support the channel access and data transmission with LBT priority classes, we propose:

Proposal: How to transmit data corresponding to the lower LBT priority class within the COT of the grabbed channel, where the channel is grabbed with higher LBT priority class shall be decided in RAN1, among the following options:
· Option1: no allow the data transmission corresponding to the lower LBT priority class, but additional CCA is necessary:
· Option1-1: additional CCA with initial & extended CCA
· Option1-2: additional CCA with extended CCA only
· Option2: allow the data transmission corresponding to the lower LBT priority class at the end portion of COT
· FFS: end portion of COT for the data transmission corresponding to the lower LBT priority
· For the additional CCA if allowed the data transmission corresponding to the lower LBT priority in the COT:
· Option2-1: additional CCA with initial & extended CCA
· Option2-2: additional CCA with extended CCA only
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