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Introduction
In RAN4#81 meeting, RAN4 group have discussed the Downlink LBT model for channel access on multiple LAA CCs. The group have the following agreements in [1]:
· Each unlicensed CC independently performs the LBT as defined in B.8 of TS 36.101;
· Starting points of LBT burst across LAA CCs will be at the same OFDM symbols.
· The burst transmission length:
· Option 1: Each unlicensed CC independently choose its own burst length;
· Option 2: All unlicensed CCs have the same burst length.
In this contribution, we share our view on this issue and proposed the text accordingly. 
[bookmark: _Ref178064866]Burst length discussion
For the burst transmission model, there are two options for the burst length:
· Option 1: Each unlicensed CC independently choose its own burst length;
· Option 2: All unlicensed CCs have the same burst length.
If option 2 is adopted, it is implicitly based on the following assumptions:
· Assumption 1: Different CCs will use joint scheduler, and  
· Assumption 2: All the resources of different CCs can be ideally dynamically shared, and 
· Assumption 3: All the CCs have the exactly same characteristics. 
However, in practical system, the above assumptions cannot hold in most cases. 
Firstly, independent scheduler, rather than joint scheduler, is chosen in most practical system for CA operation. In the first aspect, joint scheduler is a serial processing and independent scheduler is a parallel processing. Compared with parallel processing, serial processing increases the scheduler latency significantly. In practical system, scheduler is one bottleneck. Serial processing makes the bottleneck more headache in the system design. In the second aspect, the joint scheduler need many scheduling information exchange between different CCs. For example, the channel status for each UE on each CC, buffer status for each UE on each CC, HARQ status for each UE on each CC, QoS status for each UE on each CC, etc. This information is dynamically changed. It puts lots of pressure on interface between different CCs, it increases the implementation complexity quite a lot. In the third aspect, independent scheduler is more flexible for hardware configuration. 
Secondly, in theory, all the resources of different CCs can be dynamically shared ideally. However, some limitation may prevent such ideally dynamically resource sharing. As a first limitation, the retransmission of one HARQ process cannot be scheduled on carriers which is different from the initial transmission. One simple example is shown in Figure 1. In the figure, the same color represents the same HARQ process. In this example, in the first burst, 7 subframes are for initial transmissions in both carriers. Assume 7 subframes are fail for UE decoding at the CC1 and two subframes are fail for UE decoding at the CC2. In the second burst, retransmission is performed. For CC1, 7 subframes are needed for retransmission, while two subframes are needed for retransmission on CC2. In case three subframes are missing on CC1 and one is missing on CC2, in third burst, three subframes will be retransmitted on CC1 and one subframe will be used for retransmission on CC2, and so on. From this simple example, we can see that the resource of different carriers cannot be ideally sharing due to specification restriction. Obviously, the burst length is different from different CCs. It is quite typical in the practical scheduler. 
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[bookmark: _Ref472858035]Figure 1: One example for the scheduling

As a second limitation, concerning UE power consumption, not all carriers UE supports will be always configured and activate. Thus, some resource cannot be scheduled even it is available in some occasion. 
Thirdly, in practical system, different CCs will have different characteristics, which lead assumption 3 cannot hold. At least the following characteristics are different for different CCs:
The load of different LAA CCs is different
The interference condition is different from different LAA CCs
The number of users on different LAA CCs are different
The channel acquisition probability is different from different LAA CCs
Due to this difference, if the same burst length is assumed across different CCs, it will show very strong limitation on the scheduler, thus, it leads to big performance loss. 
It should be also noted, option 2 is one subset of option 1, if option 1 is selected, there is no any limitation on the scheduler implementation. Otherwise, option 2 have very strong limitation on the scheduler implementation. It is not proper in the specification to give implicit restrictions on the scheduler. 
Based on the above observations, we strongly suggest to use option1 for the LBT signal model. 
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Based on this proposal, the illustration of the burst pattern is shown in Figure 2. The detail proposed text is shown in Section 3. One companion CR is contributed in [2].
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[bookmark: _Ref472860830]Figure 2: The simplified model for multiple LAA Scell(s)
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The exact description could be:
One burst is defined as downlink transmissions which occupy one or more consecutive subframes. Assuming  carriers are configured, Tthe 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 burst length N_max  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 burst length N_max. Otherwise, start burst transmission for each carrier   at the end of last subframe of previous burst with burst length N_max., wherein   
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.
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Conclusion
In this paper, we share some analysis on the options for the burst length of DL LBT model for multiple LAA scell(s) operation. Based on this analysis, we have the following proposals:

Proposal 1	Each unlicensed CC independently choose its own burst length in the downlink LBT model for multiple CCs operation
Proposal 2	Considering the text proposal in this section as DL LBT model for multiple LAA Scell(s) operation
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