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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 this paper, we share our view on how to model the transmission signal in LAA demodulation. 
Basic Principe for the signal model
According to the companion paper [1], for LAA demodulation, at least the following test purpose shall be covered: 
a) [bookmark: _Ref442196871]To verify the (e)PDCCH/PDSCH performance with uncertain subframe availability
· To verify the (e)PDCCH/PDSCH performance with irregular discontinuous CRS
b) [bookmark: _Ref442196889]To verify the (e)PDCCH/PDSCH performance when the channels are in the initial partial subframe
· To verify the new mapping for the second slot
· To verify UE have the right behavior for the start symbol detection (symbol 0 or symbol 7)
c) [bookmark: _Ref442196897]To 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
d) [bookmark: _Ref442196922]To verify the (e)PDCCH/PDSCH performance with dynamic changed transmission power
e) [bookmark: _Ref442197116]To verify (e)PDCCH/PDSCH performance with new characteristic interference (e.g, mixture of WiFi and FS3 interference) with MMSE-IRC receiver
In order to serve the above purposes, the transmission signal shall have the following basic characteristics:
· The  availability of transmission bursts shall follow LBT
· The percentage of initial partial subframe, end partial subframe, and the regular subframe shall be balanced so that the performance is testable
With the above characteristics, at least the purposes of a), b) and c) can be covered. For purpose d) and e), we can add additional test specific parameters to serve the purposes. 
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

[bookmark: _Ref442367378]Transmission signal model for LAA demodulation
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.  In addition to LAA-2, in the system, we can add additional interference cell which is WiFi system if we try to achieve the purpose of e). LAA-1 is out of coverage of WiFi and cannot receive too much interference from WiFi. But UE served by LAA-1 can receive interference from WiFi. 

[image: ]
[bookmark: _Ref442361080]Figure 3: System setup for the LAA demodulation
In Table 2, detail system setups are given. In this setup, in order to model the irregular discontinuous transmission of burst which is subject to LBT, we assume two LAA cells compete for the channel for simplicity. If only one LAA cell is model, the subframes will almost continuously transmit with some very small gap. If more than two LAA cells are modelled, it will lead the test system is very complex and it will take long time to get reliable statistic. 
[bookmark: _Ref442356920]Table 2: Detail system setup
	Parameters
	Value
	Note

	subframeStartPosition
	{0,7}
	For the purpose b)

	Number of configured LAAs
	Two
	For the purpose a)

	Number of WiFi system
	One 
	For the test purpose e)

	PDSCH Transmission Characteristic
	· When the start symbol is symbol 0, 1 full subframe
· When the start symbol is symbol 7, 1 initial partial subframe + 1 full subframe +  1 end partial subframe with 10 symbols
	With this configuration, it can keep:
· About 51.3% subframes are regular subframes
· About 24.3% subframes are initial partial subframe 
· About 24.3% subframes are end partial subframe
For the purpose c)

	LBT priority class
	3
	

	LBT
	Defined in 36.213 without update the contention window between CWmin and CWmax based on the Ack/Nack input
	For the purpose a)



In the configuration, {0,7} is configured for subframeStartPosition. With this setup, we can model the initial partial subframe, otherwise, only full subframe and end partial subframe will be modelled. 
For the burst transmission, we can model the transmission burst with two different length, one is 1 ms (Type I), and another one is 0.5 ms (initial partial subframe) + 1 ms (full subframe) + 10 symbols (end partial subframe) (Type II), which is shown in Figure 4. In case the start position of the subframe is 0, one full subframe is transmitted and in case the start position of the subframe is 7, the second type burst is transmitted. 
[image: ]
[bookmark: _Ref442364181]Figure 4: Transmission burst with two different lengths
The purpose of the above setup is to let the percentage of the initial partial subframe, end partial subframe and full subframe is balanced, thus the test results are reliable. In this setup, we set the length of the end partial subframe is 10 symobls. The purpose is let the percentage of Type I and Type II is equally distributed in case the channel is grasped. 
One another possible way is to configure the transmission burst with the maximum occupation time, for example 8 ms. This configuration is not the worst case UE needs to handle, since the subframes in the transmission burst are transmitted continuously. If UE rely on this assumption, it will have some demodulation problem in case the transmission burst becomes shorter. 
Based on the above setup, the percentage of initial partial subframe, end partial subframe and full subframe is given in Figure 5. The whole transmission pattern is shown in Figure 6. From Figure 5, we can see that there is 52% full subframe, 24%  end partial subframe and 24%  initial partial subframe. In the transmission pattern, the transmission pattern is irregular and unpredictable. Hence, it is feasible to have this test setup to model the transmission signal. 
[image: ]
[bookmark: _Ref442365625]Figure 5: The percentage of different subframes in the transmission


[image: ]
[bookmark: _Ref442356154]Figure 6：The whole transmission pattern for LAA-1
[bookmark: _Ref442367402]Other considerations on the simulation and test
Consideration on the contention window update based on HARQ Ack/nack in LBT model
Strictly following the flowchart of Figure 1, the contention window will be updated based on HARQ ACK/NACK feedback. RAN1 have the following agreements:
· The CWS is increased if at least 80 % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value
· For HARQ-ACK based CWS adjustment, following rules should be adopted.
· HARQ-ACK DTX is considered as NACK with the exception of following cases
· HARQ-ACK response(s) for two codewords transmitted on a PDSCH is(are) considered separately per each codeword.
· Bundled HARQ-ACK across M subframes is considered as M HARQ-ACK responses
· etc
During the test, if we strictly follow the LBT and update the contention window based on the HARQ Ack/Nack feedback, the LBT results will be unpredictable. Thus it will lead to it is difficult to reproduce the results. In order to avoid this problem, in the LBT model, we can disable this contention window update. It is expected to have no any impact on the UE behaviour. 
Consideration on the simplification of the simulation
LBT shall be mandatory modelled in test equipment in order to verify LAA RF performance. Hence, it can be reused in demodulation. However, in our link level simulation, it may be not so necessary to explicitly model the LBT, and we can implicitly model the LBT in the simulation.  We can generate the transmission pattern beforehand and use the transmission pattern during the simulation. 
Based on the discussion of section 4 and section 5, the explicit LBT model is feasible and the test purposes can be achieved based the proposed system setup. Hence, we propose:
Proposal  1:  Explicitly model LBT in the LAA demodulation 
Proposal  2: RAN4 consider the system setup in Table 2.
Conclusion
In this paper, combined with the test purpose in the companion paper, we discuss on how to setup the LAA demodulation test. We have the following proposals:
Proposal  1:  Explicitly model LBT in the LAA demodulation 
Proposal  2: RAN4 consider the system setup in Table 2.
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