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In Rel-14, multiple licensed carriers and multiple unlicensed carriers are supported for LAA operations. In Rel-13, simplified LBT for single LAA carrier is modelled for demodulation and CSI. In order to defined the requirements for multiple LAA carriers, the simplified LBT model for multiple LAA carriers need to be extended also. In this paper, we address our view on how to make the extension of the simplified LBT model. 
Background
In Rel-13/Rel-14 LAA, multiple LBT schemes are defined in 36.213, one is Type A LBT and one is Type B LBT. In Type A LBT, eNB performs Cat-4 based LBT on more than one unlicensed carriers. In type B, eNB performs Cat-4 based LBT on only one unlicensed carrier (same as WIFI). For type A LBT, eNB can use independent backoff counters (Type A1) and can also use a common backoff counter (Type A2). For Type B LBT, two options can be used for the CW size adjustment. In the first option, one CW size is updated based on HARQ feedback for all the carriers (Type B1). In the second option, CW size is updated independently per carrier, and the largest CW size among the carriers is used to draw the backoff counter (Type B2). 
The simplified model is better to reflect all these defined LBT schemes. 
Discussion
In Rel-13, the burst transmission model is modelled as:
One burst is defined as downlink transmissions which occupy one or more consecutive subframes. The burst transmission format is determined according to the steps below:
1)	Select the number of subframes  randomly from a given set of the number of subframes  with equal probability as the total length of burst transmission format. The length includes both occupied OFDM symbols and non-occupied OFDM symbols within the burst format.   is given per test case.  
2)	If  is equal to 1, the subframe is set as fully occupied, otherwise:
●	For demodulation test, the starting position for the first subframe is randomly selected from OFDM symbol 0 and OFDM symbol 7 with equal probability. For CSI test, the starting position for the first subframe is OFDM symbol 0. 
●	The configuration of occupied OFDM symbols in the last subframe is randomly selected from configuration set . is given per test case. 
A uniform random variable from [0, 1] is generated. If the random variable is less than p which is given per test case,  
●	If both the last subframe of previous burst and first subframe of new burst format are fully occupied, start burst transmission after deferring one subframe from the last subframe of previous burst. Otherwise, start burst transmission at the end of last subframe of previous burst. 
Otherwise, the burst transmission is muted and the muting duration is the same as the number of subframes for determined burst format.
There are multiple ways to model the signal for multiple carriers LAA operation.  In the first method, the transmission model defined for single carrier can be directly reused in each carrier independently. The signal pattern can be shown in Figure 1. 
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[bookmark: _Ref465859332]Figure 1: Simplified LBT model for multiple LAA Scell(s) (Option 1)
In this signal model, the start position and the burst length in each carrier are independent. According to this signal model, it is more like a Type A1 LBT. In Type A1 LBT, the eNB perform channel access on each carrier independently, and the parameters, such as the back off counter N, are also determined independently if the absence of any other technology sharing the carrier can be guaranteed. 
However, option 1 model is more suitable for interband LAA CA case, or non-collocated CA case. In case intraband LAA CA case, the above model may be not so practical. For example, in Figure 1, in case burst n-1 is completed in CC2 and CC1 is continuing transmission for burst m-1, the leakage power of CC1 may be strong enough and larger than the LBT detection threshold. Thus, during the gap between burst n-1 and burst n in CC2, the LBT results will be busy until the complete of CC1 burst transmission. It will lead to the latest transmission of burst n on CC2 will be after the m-1 burst transmission on CC1. In other words, the boundary of the initial subframe is most likely aligned for intraband LAA CA case, which can be shown in Figure 2. 
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[bookmark: _Ref465860351]Figure 2: Simplified LBT model for multiple LAA Scell(s)
Thus, we can have the second method to model the signal model for multiple carrier case. In the second method, as shown in Figure 2, we can have the following assumption:
· The burst length is randomly and independently generated for each carrier 
· The transmission probability of each burst on each carrier is randomly and independently generated for each carrier
· The boundary of the initial transmission of the burst on all carriers is aligned. 
The exact description could be:
One burst is defined as downlink transmissions which occupy one or more consecutive subframes. The burst transmission format is determined according to the steps below:
1)	For each carrier , select the number of subframes   randomly from a given set of the number of subframes  with equal probability as the total length of burst transmission format used for carrier . The length includes both occupied OFDM symbols and non-occupied OFDM symbols within the burst format.   is given per test case.  
2)	If  any  is equal to 1, the first subframe is set as fully occupied for all carriers, otherwise:
●	For demodulation test, the starting position for the first subframe is randomly selected from OFDM symbol 0 and OFDM symbol 7 with equal probability. For CSI test, the starting position for the first subframe is OFDM symbol 0. The starting position is common for all carriers.
●	The configuration of occupied OFDM symbols in the last subframe is randomly selected from configuration set  for each carrier . is given per test case. 
A uniform random variable from [0, 1] is generated for each carrier . If the random variable is less than p which is given per test case,  
●	If both the last subframe of previous burst with maximum burst length and first subframe of new burst format are fully occupied, start burst transmission for each carrier  after deferring one subframe from the last subframe of previous burst with maximum burst length. Otherwise, start burst transmission for each carrier   at the end of last subframe of previous burst with maximum burst length.  
Otherwise, the burst transmission is muted and the muting duration is the same as the number of subframes for determined burst format with maximum burst length.

The model based on the second method is more like LBT Type B and LBT Type A2 model. In LBT Type B and LBT type A2, the common counter is applied for all carriers.
In summary, we can have two ways to model the LBT for multiple LAA Scells operation:
Option 1: The transmission model defined for single carrier is directly applied in each carrier independently
Option 2: The transmission model defined for signal carrier is modified and the transmission signal is aligned for the initial subframe of each burst. 
[bookmark: _GoBack]For option 1, It will lead to generic UE’s behaviour for any LAA operation scenarios. For the second method, if any UE utilize this alignment of initial subframe for receiver design, these UE behaviour may be applied in some LAA operation scenario but it may be fail in other LAA operation scenario. For option 2, it is more close to some practical implementation in B46. We suggest RAN4 group consider these two options for the signal model for the multiple LAA operations. 
Conclusion
In this paper, we share our view on how to extend the simplified LBT model for single LAA Scell into multiple LAA Scells. We have two options for the model:
Option 1: The transmission model defined for single carrier is directly applied in each carrier independently
Option 2: The transmission model defined for signal carrier is modified and the transmission signal is aligned for the initial subframe of each burst. 
We suggest RAN4 group consider these two options for the signal model for the multiple LAA operations. 
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