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[bookmark: _Ref298777854]Introduction
In this paper, we discuss the test case list and the corresponding test purposes for the demodulation. In one companion paper [2], the test case list for CSI and its corresponding test method are proposed. The general setup for the demodulation and CSI is discussed in [3]. The transmission signal model for the demodulation is discussed in [4]. 
Background
According to latest 36.213, the (e)PDCCH/PDSCH transmission and DRS transmission shall be subjected to listen before talk (LBT). Due to LBT, the availability for each subframe is uncertain, and the start symbol of one subframe may be from symbol 0 or symbol 7. The uncertainty of the subframe availability has great impact on the channel estimation, demodulation, and AGC adjustment, etc. It is one key difference of legacy UE behavior which works for FS1 and FS2 from the new UE behavior which required for FS3. 
[bookmark: _Ref442195094]Observation 1: The uncertainty of the subframe availability due to LBT has great impact on UE demodulation
The uncertainty of the subframe availability will lead to the CRS is not always on. This characteristic is not the same as that of FS1, it is also not the same as that of FS2. In FS2, the uplink and downlink pattern is pre-known in advance. Even in eIMTA, CRS of some subframes (such as subframe 0 and 5) are always available. These CRS can help UE to get some channel statistics, such as Doppler, delay spread,  and channel quality for AGC adjustment etc. However, in LAA, the CRS transmission is irregular discontinuous. 
Furthermore, in license carrier, the transmission power of CRS is constant. However, the CRS transmission power is dynamically changed over the time. According to RAN1 discussion, for multiple carrier operation on unlicensed carrier, the total power can be dynamically allocated according to the instantaneous available LBT results in the unlicensed carriers. When more carriers are available, the transmission power for each carrier will be de-boosted, when less carriers are available, the transmission power will be boosted for the transmitted carrier (s). This characteristic will impact on the UE AGC adjustment, channel estimation etc. 
Observation 2: Irregular discontinuous CRS with non-constant transmission power will impact on UE channel estimation and AGC adjustment. 
In RAN1#83, there are the following agreements [1]:
· RRC signaling provides the list of possible starting positions of transmission in the first subframe of the DL transmission burst
· Possible starting positions are {0}, {0,[7]}. Other starting positions are not considered
· Candidate starting positions in the first subframe are excluding the reservation signal and initial signal (if any)
· When the starting position is 7,
· Same CRS/DMRS resource mapping as in the second slot
· All the configured CRSs are included in the partial subframe
· If the configured CSI-RS/CSI-IM pattern is in the first slot
· UE assumes CSI-RS/CSI-IM does not exist in the partial subframe
· If the configured CSI-RS/CSI-IM pattern is in  the second slot
· UE assumes CSI-RS/CSI-IM does not exist in the partial subframe
· PDCCH/PDSCH/PCFICH/PHICH resource mapping as in the first slot of LAA regular subframe
· UE does not rate match around PSS/SSS REs in the partial subframe in subframe 0/5
· PSS/SSS is not contained in the partial subframe
· Slot number of the second slot is used for sequence generation
· UE does not assume to receive PHICH for ack/nack
· EPDCCH resource mapping as in the first slot of LAA regular subframe
· In initial partial subframe, the start symbol for the EPDCCH if configured, is offset additionally by 7 OFDM symbols
· The number of available REs for the EPDCCH is the actual number of available REs for the EPDCCH transmission in the initial partial subframe
· If the UE detects common PDCCH DCI referring to subframe n in subframes n-1 or n, the UE may assume the number of OFDM symbols in subframe n according to the detected DCI
[image: ]
· If the UE does not detect common PDCCH DCI in subframe n and the UE does not detect common PDCCH DCI in subframe n-1, the UE is not required to use the subframe n for updating the CSI measurement

Based on above agreements, we have three types of subframes, one is initial partial subframe, one is full subframe, and one is end partial subframe, as shown in Figure 1. 
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[bookmark: _Ref442184308]Figure 1: Different type of Subframes in FS3
[bookmark: _Ref442194482]Observation 3: There are three types of subframes in FS3, they are initial partial subframe, full subframe and end partial subframe. 
In initial partial subframe, the mapping of PDCCH and PDSCH is different from legacy mapping method. In end partial subframe, the mapping of PDCCH and PDSCH is similar as DwPTS. However, the number of symbols of the end partial subframe is dynamically changed and not fixed. Hence, It is valuable to have test case to cover these new specification change. 
Observation 4:  The resource mapping of control channel and data channel in initial partial subframe and end partial subframe is a new feature and has great impact on the UE behaviour. It is valuable to have test cases to cover this new UE behaviour. 
In Rel-11, performance requirements are defined for MMSE-IRC. In CRS-IM WI, NAIC WI and control channel IM, the reference receiver assumption is MMSE-IRC receiver. Hence, it is reasonable to assume MMSE-IRC receiver is the reference receiver for FS3. MMSE-IRC receiver is sensitive to the interference characteristics. In traditional performance requirements, the interference is assumed to come from one or more LTE cells. However, in unlicensed carrier operation, both FS3 and WiFi will be served as interference cell. The transmission characteristic of WiFi is totally different from legacy LTE system. In order to verify the MMSE-IRC performance, it is better to have some test case(s) to cover MMSE-IRC performance with interference with new characteristic (e.g., mixture of WiFi and FS3 interference)
[bookmark: _Ref442194485]Observation 5: The interference with new characteristics (e.g., mixture of WiFi and FS3 interference) may impact on the traditional MMSE-IRC performance. 

[bookmark: _Ref442196497]Test purpose(s) of LAA demodulation
Based on Observation 1~Observation 4, for LAA demodulation test, 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
Test case list
In order to meet the test purposes defined in Section 3, we propose the signal transmission model in one companion paper [4]. In this paper, we have the following proposals:
· Proposal 1: Explicitly or implicitly model the LBT  
· Proposal 2: Both initial partial subframe, full subframe and end partial subframe are included in one test
With the above setup, we can at least serve the purpose a), b) and c). For the purpose d), we can have two options, 
· Option 1: Dynamically change the transmission power during the test proposed in [4], 
· Option 2: Using CSI test to implicitly verify the UE demodulation performance with the dynamic power. 
For option 1, how to test needs more study. For option 2, one companion paper is proposed to address the test method for CSI [2]. 
For purpose e), we can have the following options:
· Option 1: Explicitly model one WiFi system as interference cell in all demodulation tests
· Option 2: Explicitly mode one WiFi system as interference cell in one selected test case
For antenna configuration and transmission modes, in one companion paper [4], we have the following proposals:
Proposal: Both CRS-based transmission scheme(s) and DMRS-based transmission scheme shall be covered in LAA demodulation. 
Proposal: 2x2 can be set as the basic setup for all demodulation and CSI, and it is better to have one PDSCH test case to cover 4x2 case (i.e., TM4).
Considering the above test purpose and consideration(s), we prefer to have the test case listed in Table 1. 
[bookmark: _Ref442196113]Table 1: Test case list
	Test number
	The channels
	Note

	1
	PDSCH (TM3 for 2X2)
	· These two test cases cover CRS-based transmission scheme
· These two test cases cover both 2x2 case and 4x2 case

	2
	PDSCH (TM4 for 4X2)
	

	3
	PDSCH (TM9)
	· This one test case cover DRS-based transmission scheme

	4
	ePDCCH
	· The test case cover ePDCCH Performance 

	5
	PDCCH
	· The test case cover PDCCH performance

	6
	PDSCH  performance with WiFi interference
	· This test may be combined with Test 1 and 2

	7
	PDSCH performance with dynamic changed transmission power 
	· This test may be combined with Test 1 or Test 2 or combined with CSI test



Proposal  1: Suggest RAN4 group considering the test case list given in Table 1.
Conclusion
In this paper, we propose the demodulation test purposes and test method(s). We hope the group can consider these test setups in the demodulation tests.
Proposal  1: Suggest RAN4 group considering the test case list given in Table 1.
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