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1 Introduction

In the email discussion [80b-02] following RAN1#80bis, the definition of an LAA dtransmission burst was discussed and the following was agreed.
Agreements:
–
Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.

–
Each UL transmission burst from a UE perspective is a continuous transmission from a UE with no transmission immediately before or after from the same UE on the same CC.
Furthermore, in RAN1#81, the following was agreed as the starting point for the design of LAA transmission burst. 
Agreements:
· In case of a eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier
· Any instant in time can be part of a DL transmission burst or an UL transmission burst
In 3GPP RAN#68, a new WI on LAA was agreed [1], where only LAA DL transmission on the unlicensed carrier will be specified in Rel-13. In this contribution, we show our view on the LAA frame structure and transmission burst. 
2 Discussion
As LAA DL only transmission on unlicensed Scell is to be specified in Rel-13, the design of DL transmission burst shall be focused. Following two aspects should be considered,
1) LAA channel access capability on the unlicensed carrier. Flexible channel access at eNB side should be supported in order to maximize LAA channel access capability.
2) Adaptive to different regulatory requiments. As the maximum allowed channel occupation time are different in different regions, the LAA DL transmission burst should be able to adapted to meet the regulatory requirements. 

At the same time, as the LAA DL+UL may be specified in a later release, forward compatibility in the DL only design shall be considered. According to the WID [1], the necessary forward compatibility mechanism so that the UL for LAA SCells  can be added in future release without modifications to the DL design shall be supported. 
Consider the above requirements, there can be different ways to define the LAA transmission structure. In the following, we discuss these methods in detail.
2.1 LAA frame structure with fixed frame length
In this option, the frame structure with fixed frame length is used for LAA DL/UL transmission burst on the unlicnesed Scell. One example of this design option is to reuse the existing LTE frame structure principles [2]. As DL only on unlicensed Scell is to be specified in Rel-13, the existing FS1 (DL carrier part) can be used for Rel-13 LAA DL transmission. Different regulatory requirements on MCOT (maximum channel occupation time) can be supported by using FS1 for DL only LAA, as shown in figure 1. In addition, the eNB channel access for DL transmission can start from any position within the radio frame, such that the channel access capability is maximized. 
Considering that DL only LAA and DL+UL LAA (if specified) will be specified in different releases, forward compatibility should be considered in the Rel-13 DL only LAA design, i.e. both Rel-13 DL only LAA UEs and later DL+UL LAA UEs can work on a same unlicensed carrier. In this operating scenario, by using FS1, the Rel-13 LAA UE can monitor all the non-DRX subframes on each of the unlicensed Scell radio frames to obtain the potential DL scheduling assignments, which may include both DL and UL subframes that is actually used. The UE monitoring on the UL subframes may not be efficient from UE energy comsuption point of view. Therefore, as an optimization, the UE can be indicated the potential subframes that is used for DL transmission burst through network signaling. Alternatively, an enhanced DRX can also be considered to avoid the UE monitoring on the UL subframes, as much as possible. 
With this design option, the behavoir of Rel-13 DL only LAA UEs will not be impacted by the introduction of DL+UL LAA UEs in the future thus forward compatibility is ensured. 


[image: image1.wmf]0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

DL 

Subframe

LBT subframe

Channel access

Channel access

LBE using FS

1 

with MCOT

=

10

ms

Idle subframe 

(

No DL data

)


Figure 1-a
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Figure 2-b
Figure 1: Using FS1 for DL only LAA LBE with different MCOTs

Observation 1: Existing FS1 can be used for the DL only transmission on the unlicensed Scell for Rel-13 LAA UEs and can be forward compatible with the DL+UL LAA UEs that may be specified in a future release. 
2.2 LAA frame structure with adaptive frame length
In this option,  an adaptive frame structure is introduced for LAA, where the frame length is variable according to the traffic condition and the regulatory requirements on the MCOT [3]. The frame length (or transmission burst length) is determined at the beginning of each DL transmission burst and is signalled to the UE. 
This design option can support flexible eNB channel access at any time on the unlicensed carrier and can also be adapted to different duration of transmission burst. In addition, the design can be forward compatible if both DL and UL subframes are included in an adaptive LAA frame with the DL/UL pattern signaled by the eNB. As the length of a transmission burst and the UL subframes in the burst is explicitly indicated by the eNB, DL only LAA UEs does not need to monitor the UL subframes within the burst or subframes out of the burst, thus the power consumption for DL subframe monitoring of such UEs is reduced. However, as the UE is required to keep monitoring the explicit signaling to know the start of a transmisison burst and the above information, there will be additional UE power consumption on the signaling monitoring. 
DRX is typically used for UE power saving, the UE configured with DRX may miss the explicit signaling that is required by this design option. According to the current agreement, common DRX pattern is used for the serving cells on both licensed and unlicensed carrier, therefore the possibibilty for UEs to miss the explicit signaling will not be low. In case a UE missed the explicit signaling, the eNB is not able to schedule the UE even if the eNB has accessed the channel. This is because the UE does not monitor PDCCH/EDPCCH untill the explicit signaling is received. Alternatively, the UE could monitor PDCCH/EPDCCH for all the DL subframes when the explicit signaling is not received, in order to get more chances to be scheduled. This will however make the explicit signaling less necessary and increase the UE power consumption. As a summary, there is a tradeoff between channel access flexibility and UE power consumption. No significant UE power consumption gain can be achieved by this design option for Rel-13 DL only LAA UEs.
In addition, since the duration of an LAA transmission burst shall be determined and signaled at the beginning of each transmission burst, this could results in some inefficiency when the traffic condition changes significantly during the transmission burst, e.g. due to the new traffic arrival or retranmisssions. 
Observation 2: There is no clear benefit in UE power consumption or scheduling flexibility for the LAA frame structure with adaptive frame length in Rel-13.
2.3 The frameless transmission structure

In this option, there is no clear frame structure defined for LAA transmisisons on the unlicensed Scell. UE can monitor all the non-DRX subframes for potential PDCCH/EPDCCH. In a later release when LAA DL+UL is specified, an subframe that is scheduled by UL grant in prior subframes can be used as UL transmissions on the unlicensed carrier [4]. Therefore the forward compatibility is ensured in a similar way as the 1st design option that is mentioned in section 2.1. 
In this design option, the duration of a LAA transmission burst does not need to be signaled and is determined in a per subframe basis, thus the scheduling flexibility is maximized and different regulatory requirements can be fullfilled. This is also similar to the 1st design option. 
In terms of UE power consumption, since the UE is required to monitor all the non-DRX subframes so that some subframes where eNB does not access the channel or the UL subframes that may be exists in the future will also be monitored. Thus similar to the 1st design option, additional optimization to reduce the unnecessary UE monitoring may be beneficial and can be further studied. 
Observation 3: The frameless transmission structure is equivalent to the reusing of existing FS1 for Rel-13 DL only LAA UEs, therefore can be considered.
3 Conclusion
In this contribution, we discuss the design options for frame structure and transmission burst for Rel-13 DL only LAA. Several aspects including eNB channel access/scheduling flexibility, forward compatibility, UE power consumption were discussed. From the above analysis, we have the folowing proposals
Proposal 1: Either existing FS1 (DL part) or the frameless transmission structure can be used for Rel-13 DL only LAA. 
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