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[bookmark: _Ref298777854]Introduction
In RAN4#79, the CSI tests were discussed. The test setup for aperiodic CSI test is stable now, but the periodic CSI test is still open. In this paper, we try to address some open issues for aperiodic CSI test and provide the detail test setup for periodic CSI test as well. 
Test case list discussion
According to the [4], we have the following agreements:
· CQI feedback mode: 
· Aperiodic CQI test
· Periodic CQI test is FFS
· One CSI test for CRS based transmission scheme and one CSI test for DMRS based transmission scheme for the corresponding CQI feedback mode
· Transmission mode
· Baseline: TM3 (CRS based CSI measurement) and TM9 (CSI-RS based)
· If any issues is identified for TM3, TM2 may be selected
· Test methodology
· Two power levels with interference level constant
For CQI feedback mode, aperiodic CQI test had been agreed to be introduced. One issue for further study is about periodic CQI test. For periodic CQI, it is quite useful for broader scenarios, and especially efficient for small TXOPs. For aperiodic CQI, it is quite useful for large TXOPs and burst transmission. In order to employ the benefit of both periodic CQI and aperiodic CQI, we propose to introduce both aperiodic and periodic CSI test. 
Proposal 1: Both aperiodic CSI and periodic CSI test will be introduced in LAA CSI test.
[bookmark: _Ref441830771]LAA CSI test purpose
Based on the CSI reference resource thereof and the agreed test purposes in [3]: 
· UE should not average CRS/CSI-RS measurements across transmission bursts.
· UE should find the right CSI reference resource in FS3
· Other purposes are not precluded
For periodic and aperiodic CSI, one main difference is the definition of the CSI reference resource. Accordingly, the test method may be different. In the following sections, aperiodic CSI test will be introduce in Section 4 and periodic CSI test will be introduced in Section 5. 
[bookmark: _Ref447277862]Test method for aperiodic CSI test
For aperiodic CSI test, most of parts are agreed in [3]. The only open issues are the metric. There are two options for the test metric:
· Option1: 
· CQI distribution
· BLER metric
· Delta CQI for the feedback for different power level
· Option 2: Delta CQI for the feedback for different power level
We prefer option 1. In case only option 2 is used, the requirements are too loose and it is quite easy for UE to pass the test. 
Proposal 2: Adopt option 1 as the test metric for aperiodic CSI test. 
The test details are captured in the companion CR [4]. For CQI distribution, legacy metric is used. More specifically, the reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. For BLER metric, BLER metric is used separately for subframes with higher power and lower power.  
[bookmark: _Ref441830696][bookmark: _Ref447277827]Test method for periodic CSI test 
Background for reference resource
Based on the above agreements, for LAA, the following new UE behaviors are defined (Note: it is based on RAN1 agreements in [1] ):

a) UE should not average CRS/CSI-RS measurements across transmission bursts
· It is up to UE implementation whether to average CRS/CSI-RS measurements across subframes or not
b) A subframe is not valid subframe if it is not part of a transmission burst
c) For a UE configured with TM9 or TM10, a subframe is not valid subframe if it doesn’t consist of CSI-RS configured for CSI measurement
d) Initial partial subframe and end partial subframe are not valid subframe
e) Outside a configured DMTC, a subframe where the CRS scrambling sequence doesn’t follow corresponding subframe index is not valid subframe
f) Within a configured DMTC, a subframe where the CRS scrambling sequence doesn’t follow corresponding subframe index is not valid subframe
For behavior b), it is crucial for good LAA performance. The main characteristic of LAA is the uncertainty of availability of subframes due to LBT. UE needs implement new functionality to detect the presence of the subframe before uses the subframe for CSI measurements. Otherwise, the reported CSI may not indicate the actual channel condition. Thus, it is an essential functionality for unlicensed carrier where any transmission shall be subjected to LBT.
Further, the uncertainty for the availability of subframes due to LBT may lead to UE have to implement new function block to buffer CSI until the last subframe of the potential reference subframes. In license carrier, the CSI reference resource is pre-known in advance. More specifically, The subframe is defined as CSI reference resource in time domain when the subframe n-nCQI_ref is the latest valid subframe which satisfies nCQI_ref  X (X follows existing specifications).  Hence, UE can start to buffer CSI in the n-nCQI_ref  subframe in theory, as shown in Figure 1. However, for unlicensed carrier, the availability of each subframe is not pre-known for UE when the carrier is unlicensed carrier. Hence, UE need to start buffer CSI very earlier, as shown in Figure 2. In this example, a lot of subframes may be not available due to LBT. 
[image: ]
[bookmark: _Ref441509006]Figure 1: One example for CSI buffering in licensed carrier
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[bookmark: _Ref441509320]Figure 2: One example for CSI buffering in unlicensed carrier
For behavior c), e) and f), It is necessary for UE to have new functionality to detect the presence of valid reference signal in the potential reference resource. Due to the LBT uncertainty of the transmission subframes, the availability of the reference signal for CSI may be randomized. In order to get the right CSI report, the reference signal presence detection is a pre-condition for the accurate channel estimation. 
Furthermore, UE needs to have functionality to check the validation of the reference signal. In LAA, there are two types of CRS. One type CRS is legacy CRS which is the same as CRS in license carrier, one type CRS is CRS which is part of DRS. For the first type CRS, the CRS scrambling sequence follows corresponding subframe index. For the second type CRS, the CRS scrambling sequence will be generated using subframe index 0 when transmitted in subframe 0~4, and using subframe index 5 when transmitted in subframe 5~9. Without this functionality, UE may get wrong channel estimation in a configured DMTC.  
For these new UE expected behavior, it is better to use limit test cases to cover all of these purposes.
CSI test for in LAA
In order to verify these new UE expected behavior, the method agreed in aperiodic CSI test can be reused. During the transmission, two power levels are configured for the burst transmission, one is P_higher and one is P_lower. P_higher denotes higher power will be used for the burst transmission and P_lower denotes the lower power will be used for the burst transmission. 
For the CRS report, periodic CSI report is configured. The periodicity of CSI report is 5 ms. In order to have the same CSI pattern for TDD Pcell and FDD Pcell, subframe 2 and 7 are used for the CSI reports. 
For each burst, the burst model proposed in [5] can be reused. In order to reduce the complexity, we can have the following exception:
· Only randomly select two burst length from {3,8}
In order to verify the UE to have the right behavior to handle the initial subframe and ending partial subframe for CSI reference resource, the initial subframe and ending partial subframe can be modelled in the test. In the pattern, DRS is configured and is transmitted in subframe 3. The periodicity of DRS is 80 ms. In Table 1, the basic setup parameters for CRS-based transmission scheme are given. 
In the test, the following test metrics can be used:
· Metric 1:  BLER metric 
· Metric 2: The Delta CQI between CQI_higher and CQI_lower
· Metric 3: The distribution of CQI
These metrics are the same as the aperiodic CSI test. 
Proposal 3: The test metrics defined in aperiodic CSI test can be reused in periodic CSI test. 
[bookmark: _Ref447278555]Table 1: Test setup for LAA CRS-based transmission scheme
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	20

	PDSCH transmission mode
	
	3

	Downlink power allocation
	

	dB
	-3

	
	

	dB
	-3

	
	
	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (2 x 2)

	SNR (Note 2)
	dB
	TBD
	TBD

	

	 dB[mW/15kHz]
	TBD
	TBD

	

	dB[mW/15kHz]
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 3

	PUCCH Report Type
	
	TBD

	Reporting periodicity 
	ms
	Npd = 5

	PDSCH transmission model
	Basic model
	
	As specified in [5]

	
	subframeStartPosition
	
	Randomly select from {s0,s7}

	
	Number of occupied symbols per subframe  
	
	Randomly select {6,9,12,14} with equal probability

	
	Continuously transmitting subframes per burst
	
	Randomly selected from {3, 8} with equal probability

	
	Power configuration for each burst
	
	The power boost is selected from {0, 6} dB with equal probability

	cqi-pmi-ConfigurationIndex
	
	4

	DRS periodicity
	ms
	80

	DRS configuration 
	
	Transmit in subframe 3



With the above metrics, if the UE averages CRS measurements across transmission burst, the feedback value for higher power subframes and lower power subframes will be very similar. Thus, it is difficult to meet the BLER requirements given in metric 1 and metric 3. The delta value of the feedback in different subframes will be close to zero. Therefore, it will fail metric 2. With the above setup, if UE uses subframe which is not part of a transmission burst, it will fail metric 3 and metric 1. Further, with the above setup, it can even verify whether UE can have the right understanding for the reference resource considering the initial partial subframe and ending partial subframe,  If UE make mistake to identify initial partial subframe and ending partial subframe, it will fail metric 3 and metric 1. 
Moreover, the above setup can verify whether UE have the capability to perform the detection of the presence of valid reference signal in the potential reference resource. Assume UE doesn’t differentiate the CRS scrambling with or without subframe index and always assume CRS is scrambled with subframe index, it will lead to the fail of some metric. Due to the uncertainty of the subframe, to get the right feedback, UE have to have the right buffer strategy. Hence, the proper buffer strategy can be verified. 
The same principle can be used for DMRS-based transmission scheme if the burst model defined in [5] is used. The parameters shown in Table 2 can be used for the reference setup for periodic CSI test. 
[bookmark: _Ref447278668]Table 2: Test setup for LAA DMRS-based transmission scheme
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	20

	PDSCH transmission mode
	
	9

	Downlink power allocation
	

	dB
	-3

	
	

	dB
	-3

	
	
	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (2 x 2)

	SNR (Note 2)
	dB
	TBD
	TBD

	

	 dB[mW/15kHz]
	TBD
	TBD

	

	dB[mW/15kHz]
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 3

	PUCCH Report Type
	
	TBD

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	4

	PDSCH Transmission model
	Basic model
	
	As specified in [5]

	
	subframeStartPosition
	
	Randomly select from {s0,s7}

	
	Number of occupied symbols per subframe  
	
	Randomly select {6,9,12,14} with equal probability

	
	Continuously transmitting subframes per burst
	
	Randomly selected from {3, 8} with equal probability

	
	Power configuration for each burst
	
	The power boost is selected from {0, 6} dB with equal probability

	DRS periodicity
	ms
	80

	DRS configuration 
	
	Transmit in subframe 3

	CSI reference signals
	
	Antenna ports 15,16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/3

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (2 x 2)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000



Proposal 4: Taking into account the setup in Table 1 and Table 2 as the reference for the periodic CSI test setup for CRS-based and DMRS-based scheme
Conclusion
In this paper, we propose the CSI test method for both aperiodic CSI test and periodic CSI test. We have the following proposals:
Proposal 1: Both aperiodic CSI and periodic CSI test will be introduced in LAA CSI test.
Proposal 2: Adopt option 1 as the test metric for aperiodic CSI test.
Proposal 3: The test metrics defined in aperiodic CSI test can be reused in periodic CSI test. 
Proposal 4: Taking into account the setup in Table 1 and Table 2 as the reference for the periodic CSI test setup for CRS-based and DMRS-based scheme
We hope the group can consider these test setups in the CSI tests.
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