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[bookmark: _Ref298777854]Introduction
In LAA demodulation, one aspect is how to model the transmitted signal. In LAA, the burst transmission is subject to listen before talk (LBT). It will lead the transmission of the subframes are discontinuous and non-predictable. This characteristic has great impact on the UE behavior. Hence, it is important to have the right signal transmission model to verify the UE with the right behavior when UE is operated in the practical network. In [5], [6] and [7], signal model is discussed but there is not conclusion for the signal model. In this paper, we further discuss on how to model the transmission signal in LAA demodulation. 
Background about LBT
In 36.889 [2], the procedure of LBT is given as shown in Figure 1. The detail procedure is given in Section 15 of latest 36.213 [3]. 


[bookmark: _Ref442356203]Figure 1: Flowchart of DL LAA SCell Cat 4 LBT procedure
In 36.213, the channel access priority class is given as shown in Table 1. 
[bookmark: _Ref442356479]Table 1: Channel Access Priority Class
	
Channel Access Priority Class ()
	

	

	

	

	
allowed sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}



It should be noted that, for the subframe length, RAN1 has the following agreements:
· If subframe n is a subframe in which OFDM symbols in the first slot are not occupied, the UE may assume that all the OFDM symbols are occupied in subframe n+1
· If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n indicated by the Subframe configuration for LAA field in subframe n is less than 14, the UE is not required to receive any physical channels or signals in subframe n.
Based on these agreements, the following transmission patterns, which are shown in Figure 2, are not expected from UE. 

[image: ]
[bookmark: _Ref442706840]Figure 2: UE unexpected transmission pattern
Basic Principe for the signal model
In RAN4#78 meeting, the following test purposes are agreed in [4] as:
· Purpose a): Verify the (e)PDCCH/PDSCH performance for bursty DL transmission that can be start at random subframe
· Purpose b): Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission.
· Verify the (e)PDCCH/PDSCH performance when the channels are in the initial partial subframe if UE support demodulation of initial partial subframe
· To verify UE have the right behavior for the start symbol detection (symbol 0 or symbol 7)
· To verify the new mapping for the second slot
· Purpose c): Verify the (e)PDCCH/PDSCH performance when the channels are in the end partial subframe
· To verify the UE have the right UE behavior on the common PDCCH which indicates the number of symbols in the end partial subframe
· Other test purposes are not precluded
According to the latest agreements in RAN1 about feature list, they have the following agreements:
· For UE, it is optional to handle initial partial TTI, and it is TBD to handle end partial subframe
In order to support different UE capability, we can define separate test cases for different UE capability, which is shown in Table 2 and which has been discussed in one companion paper [8].
[bookmark: _Ref447265873]Table 2: Test cases and their applicability
	Test cases
	Description
	Applicability

	Test 1a
	Full subframe only
	For all UEs

	Test 1b
	Full subframe + end partial subframe
	For UEs which support end partial subframe, depends on UE capability decision, it may be merged  with Test 1a

	Test1c
	Initial partial subframe + full subframe
	For UEs which support initial partial subframe

	Test 1d
	Initial partial subframe + full subframe+ end partial subframe  
	For UEs which support initial partial subframe, full subframe, and end partial subframe (This test case is FFS)



In order to serve the above purposes, the transmission signal shall have the following basic characteristics:
· The  availability of transmission bursts shall follow LBT
· It is better to cover most of the configurations if it is feasible
· If initial partial subframe is modelled, symbol 0 and symbol 7 shall be randomly and almost equally available during the test 
· If end subframe is modelled, it should have enough coverage for different end subframe configurations in the test
· The length of transmission burst shall cover from 1 subframe to 10 subframe with different combination of initial partial subfame (if configured), full subframe and end partial subframe (if configured) in the test
Following the basic signal characteristics, one way is explicitly model LBT as [5], another way is implicitly model LBT which will be elaborated in section 4.
[bookmark: _Ref447266777][bookmark: _Ref442367378]Transmission signal model (Implicitly model LBT)
System setup
In Figure 3, one simple system setup is shown. In the system, LAA-1 is the serving cell, and LAA-2 is one interference cell. LAA-1 can receive interference from LAA-2 in case LAA-2 is transmitting.  
[image: ]


[bookmark: _Ref447232298]Figure 3: System setup for LAA demodulation
Based on this setup, roughly 50% time resources will be allocated for LAA-1, and 50% time resources will be allocated for LAA-2 and for each new burst transmission, the probability to grasping the channel is distributed roughly equally. Given this simplification, we can have the signal model for Test 1a and Test 1b as shown in 4.2 and signal model for Test 1c and Test 1d as shown in 4.3. 
[bookmark: _Ref447267556]Signal model for Test 1a and Test 1b (without initial partial subframe)
In this section, signal model for Test 1a and Test 1b is proposed. For test 1a and test 1b, initial partial subframes are not configured. Hence, all the burst transmissions are started from symbol 0 and their start positions are aligned with TTI boundary, as shown in Figure 4. When initial partial subframe is not configured, the start position for each burst could be given as:
  // corresponding to the start point
and the end point could be given as: 
 // corresponding to the end point
where


where 
 	is a random parameter which is uniformly distributed in [0,1], and generated for each new burst
  	is a small time offset, for example,  can be 43 us.
 and  can be initialized with 0. The illustration of the relationship of different variables is shown in Figure 4. For the , according to the LBT procedure, for channel access priority class 3, the  is 3, hence, the minimum defer duration is  which results 43 us. 
[image: ]
[bookmark: _Ref447227997]Figure 4: The signal transmission model for test 1a and test 1b
For test 1a,  (=1,2) are randomly selected from  with equal probability and for test 1b,  (=1,2) can be defined as:

where  is randomly selected from  and  is randomly selected from the time set which is corresponding to time required for {14,12,11,10,9,6,3,0}OFDM symbols. It should be noted when  is equal to 10,  can only be 0. 
Given the model thereof, a random parameter  is used to model the probability of grasping the channel for LAA-1. When the random number  is less than 0.5, it implies LAA-1 grasps the channel. Hence, it will continue new burst transmission after one subframe which is not occupied. The length of the new transmission length is . For , the transmission length can scale from 1 subframe to 10 subframe according to the regulation in test 1a, and the transmission length may include some end partial subframe in test 1b.  It is important to scale the length randomly, since transmission burst length may have impact on the AGC/FTL/TTL tracking and UE have no prior knowledge for that. 
When the random number  is larger or equal to  0.5, it implies LAA-1 does not grasp the channel. It needs wait for LAA-2 finishes its transmission, the waiting time is at least for .  is similar like . Under this condition, there is no new burst transmission in LAA-1. 

[bookmark: _Ref447267598]Signal model for Test 1c and Test 1d (with initial partial subframe)
In this section, signal model for Test 1c and Test 1d is proposed. For test 1c and test 1d, initial partial subframes are configured. When initial signal is configured, the start symbol will start from symbol 0 or symbol 7. In order to verify the UE have the right behavior for symbol 0 and symbol 7 blind detection, symbol 0 and symbol 7 can be randomly selected with equal probability. To achieve that, the start position for each burst could be given as:
   // corresponding to the start point
the end point could be given as: 
 // corresponding to the end point
where


where
 	is a random parameter which is uniformly distributed in [0,1] and generate for each scheduling burst. 
 	is a random parameter which is uniformly distributed in [0,1] and generate for each scheduling burst. 
  	is a small time offset, for example,  can be 43 us. 
For test 1c,  (=1,2) are randomly selected from  with equal probability. For test 1b,  (=1,2) can be defined as:

where  is randomly selected from  and  is randomly selected from the time set which is corresponding to time required for {14,12,11,10,9,6,3,0}OFDM symbols. It should be noted when  is equal to 10,  can only be 0.
[bookmark: _GoBack]The illustration is shown in Figure 5 and Figure 6. In Figure 5, symbol 0 is the start symbol and it is corresponding to 5, since when 5, the start point is aligned with the TTI boundary. In Figure 6, symbol 7 is the start symbol and it is corresponding to , since when , the start point is aligned with the second slot. Because  is uniformly distributed in [0,1], the probability for symbol 0 as the start symbol is 50% and the probability for symbol 7 as the start symbol is also 50%. 
[image: ]
[bookmark: _Ref447230151]Figure 5: Start symbol is symbol 0
[image: ]
[bookmark: _Ref447230157]Figure 6: Start symbol is symbol 7
Proposal 1: Section 4.2 and 4.3 can be one reference for signal model for LAA demodulation
Conclusion
In this paper, we discuss on how to handle different UE capability in LAA demodulation and signal model for different UE capability, we have the following proposals:
Proposal 1: Section 4.2 and 4.3 can be one reference for signal model for LAA demodulation
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