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1. Introduction

In RAN4 #79, RAN4 has discussed LAA CSI UE function and performance evaluations. Many aspects remained open for decision, in this contribution, we provide further views on preferences and discussions on issues for LAA PDSCH CSI performance tests. The WF in [1] from the RAN4#79 asked test preferences of CSI tests as below :
· CQI feedback mode: 

· Aperiodic CQI test

· Periodic CQI test is for further decision

· 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

· Channel model : Static channel model is used

· Antenna configuration : 2x2

· Feedback mode

· TM3 [PUSCH 3-0], TM9 PUSCH 3-1

· Test metrics

· 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

· Burst model

· Please refer to R4-164748 with the following exceptions

· No partial subframes 
· Only randomly select two burst lengths from {3,8}

· Transmission model

· SNR during DL transmission bursts is changed randomly either by [0]dB or [6]dB with equal probability
2. Discussion

In RAN4#79, LAA CSI feedback has been discussed, but test details still remained as open issues. Also, CSI burst transmission model has been agreed to refer to [2], which has some of variable options too. 

In order to define the LAA UE CSI tests, we remind specific UE behaviors regarding CSI meausrmeent and report from RAN1 agreements. RAN1 statements on CSI feedback have been made as below :

· DRS is transmitted for RRM measurement and coarse time/frequency synchronization in UE

· For aperiodic and periodic CSI reporting, definition of valid subframe in addition to the current definition of valid subframe:

· A subframe is not valid subframe if it is not part of a transmission burst

· UE should not average CRS/CSI-RS measurements across transmission bursts.

· UE should find the right CSI reference resource in frame structure 3
Based on the specified UE behaviors, RAN4 tests aims to evaluate the UE tests accordingly. The main focus of the LAA CSI tests are  : (i) a UE has to utilize right reference signals for CSI measurements, (ii)  the UE should not average CRS/CSI-RS measurements across transmission bursts. 
Periodic CQI test :

Although the RAN4 specifies both aperiodic and peridoic CSI report, the UE measurement and reporting proceedure of periodic CSI report has somewhat unclear corner cases. Since the reference signal transmission itself is not periodic, the UE measurement and report cannot be periodic. There are two concerns on perodic CSI measurements have been identified through RAN4 discussions in the previous meeting.
Two concerns have been raised; (i) Since the reference signal transmission itself is not periodic, obvisouly the UE measurement cannot be perodic. Perodic CSI reportings can be out-dated in the network. (ii) An UE has to try its best to measure CSI in LAA bands anytime when it receives DL LAA burst signals. At a certain time when CSI measurements in licensed bands are triggered, the UE may be required to measure multiple CSIs more than UE CSI processes capaiblity [2] .  

Since there is UE behavior uncertainties, we propose RAN4 first clarify UE behaviors regarding periodic CSI reporting.  Aperiodic CSI reporting is more feasible and practical, the UE CSI measurement behavior and performance can be tested through aperiodic CSI reporting. 

Proposal 1: We propose RAN4 firstly to clarify UE behaviors regarding periodic CSI reporting before introducing a test. 

Aperiodic CQI test setup :

Regarding test methods and test mertics, LAA needs a new approach to evaluate the LAA UE.  Since two levels of different SNR are applied to screen if a UE takes average across burst transmission, test metrics must be properly defined. Conceptually, we discuss about the test methods as  Figure 1:
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Figure 1 : Aperodic CSI buffering and reporti timing example for CSI test
As shown in the figure 1, when DCI triggers CSI report, the UE is supposed to buffer CSI samples from n-nCQI_ref. Since it is burst transmission, the buffered sample may belong to one burst transmission or may belong to a different burst transmission. 
· For CSI report, UE’s CSI measurement is restricted within the transmission burst to which the CSI reference resource belongs.

· For CSI report in subframe n, CSI reference resource in time domain is defined as subframe n-nCQI_ref.

· Subframe n- nCQI_ref is the latest valid subframe which satisfies nCQI_ref ≥ X (=4 default)
For the UE evaluation, it is important that the CSI measurement does not refer to multiple burst signals. The DCI trigger and burst signals are randomly generated in the tests. For TM9, NZP-CSI-RS signal is periodically transmissed with LBT behavior. The identical concepts of CSI measurements in Figure 1 are applied with the NZP-CSI-RS configuration in TM9. 
Proposal 2 : RAN4 discusses LAA CQI tests based on aperiodic CSI reporting modes.

Proposal 3: For further CSI test cosnfigurations, we propose CQI tests as below :

· Channel model : Static channel
· Antenna configuration : 2x2

· Feedback mode

· TM3 PUSCH 3-0
· TM9 PUSCH 3-1
Transmission power level  :

The  WF in [1] has captured test SNR points as below

· SNR during DL transmission bursts is changed randomly either by P_low=[0]dB or P_high=[6]dB with equal probability

The power delta between P_low and P_high is defined as 6dB, and the testing SNR point has been tentativliy selected at SNR=0dB and SNR=6dB. Since the delta SNR is 6dB, the CQI measurements appear with approximately 3 CQI index counts between P_low and P_high measurements under the static channels.

The 6dB delta is acceptable, but we prefer to test medium range of testing SNR points. Since the burst signal detection can be affected in low SNR regions, evaluating CSI behaviors in the medium SNR region seems more appropreate for monitoring consistance CSI measurements. 

Proposal 4: Select testing SNR points at P_low=[4]dB or P_high=[10]dB with equal probability and delta SNR=6dB.
Performance evaluation metric  :

The  WF in [1] has provided possible test metrics options as below

· Test metrics

· 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

Because two SNR values applied, two CQI values are supposed to be read. Using the two CQI distributions, it should be possible to evaluate the UE behaviors and performanc. We propose a test metric and a evaluation method. First of all, we provide definition of CQI_high and CQI low from the measurements. And based on the defintion, we propose to apply evaluation criterions as below

Proposal 5 : We propose to apply test metrics as


Select two dominant CQI measurements from the tests in table 1 and table 2


-CQI_high  : High index of CQI in the two dominant CQIs 


-CQI_low   : Low index of CQI in the two dominant CQIs

   Based on the CQI high and low defintion, the evaluation criterions can be applied as


-Test metric 1  :      [image: image3.png]CQlpigh — CQIigy > 1




-Test metric 2  :      Prob ([image: image5.png]CQlpign) > [0.4]




-Test metric 2  :      Prob ([image: image7.png]CQlw) = [0.4]




Test metric 1 ensures that the delta CQI must be at least 2 corresponding to the delta SNR=6dB. Since the probability of P_high and P_low were 0.5 respectively, the CQI measurements are accordingly equal with probability of distribution threshold. The rest of CQI distribution probability is allowed marginally.

Also, we have a sceptical view on using BLER for a evaluation criterion. In order to properly caputre BLER, the TX has to properly assign a MCS corresponding to the two power levels. Otherwise, the BLER measurements becomes meaningless. It is possibly trivial though, anyhow it has TX dependency on how to use reported CQIs between two power levels. The BLER may be associated with TX behaviors and get impacted. Therefore, we have negative view to use BLER for LAA CSI tests.

Proposal 6 : We prefer not to use BLER for LAA CSI test evaluation. In this test case, BLER has TX dependency on how to use reported CQIs between two power levels in TX sides.   
3. CQI Performance Measurements

Table 3 : CQI measurement of LAA TM3 
	SNR (dB)
	Index of Median CQI
	Prob
[median CQI-1, 
median CQI+1]
	BLER for median CQI -1 
	BLER for median CQI 
	BLER for median CQI 

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	


Table 4 : CQI measurement of LAA TM9 
	SNR (dB)
	Index of Median CQI
	Prob
[median CQI-1, 
median CQI+1]
	BLER for median CQI -1 
	BLER for median CQI 
	BLER for median CQI 

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	


4. Conclusions

In this contribution, we provided further discussion on open issues for LAA CSI performance test scenario and test configurations. Our proposals are made as
Proposal 1: We propose RAN4 firstly to clarify UE behaviors regarding periodic CSI reporting before introducing a test. 

Proposal 2 : RAN4 discusses LAA CQI tests based on aperiodic CSI reporting modes.

Proposal 3: For further CSI test cosnfigurations, we propose CQI tests as below :

· Channel model : Static channel
· Antenna configuration : 2x2

· Feedback mode

· TM3 PUSCH 3-0
· TM9 PUSCH 3-1
Proposal 4: Select testing SNR points at P_low=[4]dB or P_high=[10]dB with equal probability and delta SNR=6dB.

Proposal 5 : We propose to apply test metrics as


Select two dominant CQI measurements from the tests in table 1 and table 2


-CQI_high  : High index of CQI in the two dominant CQIs 


-CQI_low   : Low index of CQI in the two dominant CQIs

   Based on the CQI high and low defintion, the evaluation criterions can be applied as


-Test metric 1  :      [image: image9.png]CQlpigh — CQIigy > 1




-Test metric 2  :      Prob ([image: image11.png]CQlpign) > [0.4]




-Test metric 2  :      Prob ([image: image13.png]CQlw) = [0.4]




Proposal 6 : We prefer not to use BLER for LAA CSI test evaluation. In this test case, BLER has TX dependency on how to use reported CQIs between two power levels in TX sides.   
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