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In this paper, the general setup for LAA demodulation is further discussed, and our view on some open issues are also shared. 
System setup for LAA demodulation
Bandwidth combination
For the bandwidth combination, in RF, the following combinations have been approved for LAA in RAN4#77 meeting:
· Some CA combinations including B46 up to 2CC (e.g. CA_1A-46A) [1]
· CA_1A-46C [2]
· CA_1A-46D [3]
· CA_1A-46E [4]
· CA_3A-46C [5]
· CA_3A-46D [6]
· CA_3A-46E [7]
Based on this approved combination, we can see that up to 4 LAA Scells can be configured. In principle, the performance requirements shall cover up to 4 LAA Scells. However, due to time reason, in RF part, only one primary cell and one LAA Scell can be configured in Rel-13. In order to resolve this issue, we can reuse the traditional way for the band which is release independent. For release independent requirements, performance requirements for multiple LAA Scells can be specified in Rel-14 but are defined as release-independent performance requirements in 36.307 [11]. It means UEs that conform to Release 13 and support multiple Scells shall support the requirements defined in Rel-14 for multiple LAA Scells. Hence, we prefer to have the following proposal regarding the bandwidth configuration:
Proposal 1: 
· The performance requirements are defined based on one primary cell and one LAA Scells in Rel-13, and 
· The performance requirements for multiple LAA Scells (at least up to 4 LAA Scells) will be defined in Rel-14, and 
· UEs that conform to Release 13 and support multiple LAA Scells shall support the corresponding requirements defined in Rel-14, which will be captured in 36.307. 
CRS structure configuration
According to the agreements in [9], we have the following agreements:
· MBSFN subframe configuration
· Option 1: 
· MBSFN subframe is not configured  for CRS-based transmission mode
· MBSFN subframe is configured in subframes 1,2,3,4,6,7,8,9 for DMRS-based transmission mode 
· Option 2
· MBSFN subframe is not configured for both CRS-based and DMRS-based transmission mode
For CRS-based transmission, all symbols CRS structure is the pre-condition. For DMRS-based transmission, it is not necessary to configure all symbols CRS structure. With one or two CRS structure in LAA, we can increase the throughput and reduce the interference in practical system. Hence, we prefer to have:
Proposal 2: Option 1 is adopted as the MBSFN subframe configuration
For PDCCH, since CRS is needed for its decoding. But for ePDCCH, the CRS is not a must. Hence, for control channel, we can have the following configuration:
Proposal 3: One or two CRS symbols structure is configured for ePDCCH performance and all CRS symbols structure is configured for PDCCH performance
Antenna configuration
For antenna configuration, we have the following agreements [9]:
· Antenna configurations and correlation matrix:
· Option 1: 2x2 Low and 4x2 Low;
· Option 2: only 2x2 Low
· Other options are not precluded
· Note: the antenna configuration for different test case may be different.
For antenna configuration, 2x2 can be set as a basic setup. It can be used for both (e)PDCCH demodulation and PDSCH demodulation.  For 4x2 case, more and more operators want to have. It is better to have at least one test case to cover 4x2 cases as well. In order to reduce the test number, one possible way to cover 4x2 case is to introduce 4x2 case for one PDSCH transmission mode, for example TM4 case. 
Proposal 4: 2x2 Low 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 Low case (i.e., TM4).
Transmission mode
According to the agreements of [9], for the transmission mode, we have:
· Transmission schemes of unlicensed carrier
· Option 1: 
· TM3 for CRS-based transmission scheme
· TM9 for DMRS-based transmission scheme
· Option 2: 
· TM3 and TM4 for CRS-based transmission scheme 
· TM3 and TM4 for different antenna configuration
· TM9 for DMRS-based transmission scheme
· Other options are not precluded 
For RAN4, one option is cover all the transmission modes; another option is prioritize some transmission modes. Since CRS-based transmission and DMRS-based transmission mode have fundamental different demodulation procedure. Hence, both CRS-based transmission and DMRS-based transmission scheme shall be covered in LAA demodulation. Further, for CRS-based transmission scheme, as a minimum set, it is better to cover both close loop MIMO transmission scheme and open loop scheme. For close loop MIMO transmission scheme, we can consider TM4 as the baseline. For open loop MIMO transmission scheme, we can consider TM3.  
Proposal 5: For CRS-based transmission schemes, TM3 is configured for 2x2 case and TM4 is configured for 4x2 case; For DMRS-based transmission scheme, TM9 is configured for 2x2. 
DRS configuration
Since UE may use DRS for measurements and synchronization, DRS is configured. The periodicity can be 40 ms. 
Performance requirements for control channel
According to the agreements in [9], we have the following agreements:
· PDCCH and EPDCCH performance verification:
· Option 1: Specify the PDCCH and EPDCCH performance requirements
· The details parameters are FFS
· Test metric: 
· Using BLER metric as starting point
· Option 2: Implicitly verify the PDCCH and EPDCCH performance via PDSCH tests
Based on the agreements, the group agreed to have test case to verify PDCCH and ePDCCH performance. The controversial part is about how to test. One is explicitly test and one is implicitly test. The basic principle to decide whether to have explicitly test or implicit test is based on whether the new setups have disruptive impact on UE behavior for control channel. For example, up to now, we explicitly define control channel performance requirements for:
· eICIC
· FeICIC
· MMSE-IRC receiver for control channel (under discussion)
· CRS-IC receiver for control channel (under discussion)
· ePDCCH for COMP
· MTC, etc
We implicitly define performance requirements for control channel for:
· eIMTA
· etc
For LAA,  the DL transmission is bursty and can be started at random subframe, and the CRS transmission is also bursty. The bursty CRS transmission will impact on the AGC/FTL/TTL tracking loop and CRS channel estimation, which is fundamental part for demodulation and decoding, especially for control channel. The impact is disruptive. Hence, it is with high value to have explicitly demodulation test for control channel. 
Proposal 6: Explicitly specify the PDCCH and EPDCCH performance requirements
For the metric, we can reuse the BLER metric as baseline and can be revisited if any problem is identified. 
Frequency offset and timing error, and synchronization
In legacy CA performance requirements, the time offset between PCell and any SCell is 30usec, as shown in Table 8.2.1.1.1-6 of 36.101 and which is captured as Table 1. As a start point, we can reuse the time error in LAA test. 
[bookmark: _Ref447096333]Table 1: Minimum performance (FRC) based on single carrier performance for CA with 3DL CCs 
	Test num.
	CA Band-width combination
	Requirement
	UE category

	1
	3x20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	2
	20MHz+20MHz+15MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	3
	20MHz+20MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	4
	20MHz+15MHz+15MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	5
	20MHz+15MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	6
	20MHz+10MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	7
	15MHz+15MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	8
	20MHz+10MHz+5MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	9
	20MHz+15MHz+5MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	NOTE 1: 	The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3
NOTE 2:	30usec timing difference between PCell and any SCell is applied in inter-band CA case, where PCell can be assigned on any CC.



For the frequency error, according to RF requirements, the frequency error for each CC is +/-0.1ppm for local area BS, hence, we can use +/-0.2 ppm as the frequency offset between different carriers.  
Proposal 7: The frequency offset between carriers can be +/-0.2 ppm and the time offset between PCcell and LAA Scells is 30usec. 
Applicability of the requirements to different CA combinations
According to the agreements in [9], we have the following agreements:
· Introduce new PDSCH tests in CA mode with one licensed CC
· Follow per-CC approach similar as that used for 3DL CA demodulation tests.
· Performance verification:
· Option 1: for LAA SCell only
· Option 2: for LAA Scell(s) and PCell
· The performance requirements are band agnostic and band combination agnostic.
For the performance verification, it is important to keep the performance both for LAA Scell(s) and PCell. Only with option 2, we can verify whether UE has the right behavior to perform CA reception in case LAA Scell(s) and PCell are configured. Otherwise, it is uncertain for UE performance on license carrier in case only option 1 is used. Furthermore, there is no any additional complexity compared with legacy CA test. Hence, we prefer to use option 2 as the performance metric. 
Proposal 8: The Performance on both LAA Scell(s) and PCell shall be verified. 
For LAA demodulation, the only difference from legacy CA test is two performance pools may be configured, one pool is for license carrier and one pool is for unlicensed carrier. 
One example is shown in Table-X and Table-Y. In the table X, the performance for license carrier (primary carrier) is given, and in the Table-Y, the performance for unlicensed carrier (unlicensed secondary carrier) is given.
Table-X: Single carrier performance (Frame type 1 and Frame type 2) for multiple CA configurations
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	10MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[-1.7]

	…
	…
	…
	…
	…
	…
	…

	20MHz
	R.42 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[-1.7]



Table-Y: Single carrier performance (Frame type 3) for multiple CA configurations
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	20MHz
	R.X FDD
	OP.X FDD
	EVA5
	1x2 Low
	70
	X



Table-Z: Performance requirements for different CA combinations
	Test num.
	CA Band-width combination
	Requirement
	UE category

	1
	10MHz + 20MHz
	Requirements for Frame type 1 or 2 is  as  specified in Table-X per CC
Requirements for Frame type 3 is as specified in Table  Table-Y per CC
	≥5



In Table-Z, the performance for different CA combination is given. If the component carrier is license carrier, the performance requirements of Table-X will be applied. If the component carrier is unlicensed carrier, the performance requirements of Table-Y will be applied. 
For the performance pool of license carrier, we can reuse what we have defined in 36.101. For the performance pool of unlicensed carrier, new performance requirements will be defined. 
Proposal 9: Two performance pools will be defined for LAA, one pool is for license carrier, and one pool is for unlicensed carrier. The pool for license carrier can be reused
Test metric
According to the agreements in [9], for the test metric, we have the following agreements:
· Test metric
· Option 1: Reusing relative throughput
· Considering updating the relative throughput definition as given in R4-160368
· 70% TP as starting point. 

· Other options not precluded
In legacy demodulation test, the SNR at the 70% of the peak throughput is used for the metric definition. In legacy test, the peak throughput is predicted. However, in unlicensed carrier, the control or data channel transmissions are subjected to LBT. Hence, the peak throughput is unpredicted. Hence, this metric cannot be reused. We can replace this metric with the SNR at the 70% of the user throughput. The user throughput is defined as:
For the control channel, the BLER metric can be reused. 
Proposal 10：Use Option 1 as the test metric for PDSCH and reuse the BLER metric for the control channel. 
Handling for UE capability for partial subframe
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. 
[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)



Proposal 11: Define separate test cases for different UE capability and the applicability shown in Table 2 can be as reference 
Conclusion
[bookmark: _GoBack]In this paper, we give our view on general test setup and also discuss the requirements applicability for LAA demodulation. We have the following proposals:
Proposal 1: 
· The performance requirements are defined based on one primary cell and one LAA Scells in Rel-13, and 
· The performance requirements for multiple LAA Scells (at least up to 4 LAA Scells) will be defined in Rel-14, and 
· UEs that conform to Release 13 and support multiple LAA Scells shall support the corresponding requirements defined in Rel-14, which will be captured in 36.307. 
Proposal 2: Option 1 is adopted as the MBSFN subframe configuration
Proposal 3: One or two CRS symbols structure is configured for ePDCCH performance and all CRS symbols structure is configured for PDCCH performance
Proposal 4: 2x2 Low 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 Low case (i.e., TM4).
Proposal 5: For CRS-based transmission schemes, TM3 is configured for 2x2 case and TM4 is configured for 4x2 case; For DMRS-based transmission scheme, TM9 is configured for 2x2. 
Proposal 6: Explicitly specify the PDCCH and EPDCCH performance requirements
Proposal 7: The frequency offset between carriers can be +/-0.2 ppm and the time offset between PCcell and LAA Scells is 30usec. 
Proposal 8: The Performance on both LAA Scell(s) and PCell shall be verified. 
Proposal 9: Two performance pools will be defined for LAA, one pool is for license carrier, and one pool is for unlicensed carrier. The pool for license carrier can be reused
Proposal 10：Use Option 1 as the test metric for PDSCH and reuse the BLER metric for the control channel. 
Proposal 11: Define separate test cases for different UE capability and the applicability shown in Table 2 can be as reference 
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