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1   Introduction
In RAN4 meeting #78, the demodulation performance requirements on LAA PDSCH were discussed in [1-4]. Based on the discussion, the way forward was agreed [5].
In this paper, we will further discuss the remaining issue for the test parameter.
2   Previous agreement and remaining issues for PDSCH test
Firstly, we will summarize the related RAN1 and RAN4 agreements which could impact the RAN4 demodulation performance requirements, and then list all the open issues.
2.1   Previous RAN4 agreements
The agreements for PDSCH demodulation performance are captured below:
· Test purposes for LAA demodulation
· Verify the (e)PDCCH/PDSCH performance for bursty DL transmission that can be start at random subframe

· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission.

· Verify the (e)PDCCH/PDSCH performance when the channels are in the initial partial subframe if UE support demodulation of initial partial subframe 
· To verify UE have the right behavior for the start symbol detection (symbol 0 or symbol 7)

· To verify the new mapping for the second slot
· 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 
· Other test purposes are not precluded
· PDSCH demodulation requirements (General)

· 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:

· The performance requirements are band agnostic and band combination agnostic. 

· For PDSCH test, both CRS-based transmission scheme(s) and DMRS-based transmission scheme shall be  covered
· PDSCH demodulation requirements test parameters
· TM3 is used for licensed carriers

· 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 
· 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.
· 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
· DRS configuration
· The periodicity is FFS. 
· Propagation conditions:

· Option 1: EVA5 and/or EPA5

· Other options are not precluded 

· MCS: Starting point for further study

· Option 1: 16QAM 1/2 and 64QAM 1/2

· Other options are not precluded

· Frequency offset and timing error, and synchronization: 

· Frequency offset and timing error of LAA Scell should be set relative to Pcell

· Practical synchronization algorithm in UE should be considered;

· Other details are FFS

· Reference receiver: 
· MMSE-IRC receiver 

· Burst transmission model should be specified:

· Option 1: Explicitly model LBT transmission (Ericsson, R4-160367)

· Option 2: Design a repeated burst transmission pattern. pre-define 8 types of burst pattern, after the previous burst transmission, randomly decide to chose which burst type out of 8 types (Huawei, R4-160742)

· Option 3: Define DL burst transmission model based on Poisson arrival process. Number of subframes in a transmission burst is chosen uniformly from {4,5,6,7,8}.  (QC, R4-160046) 

· More input from other companies are highly welcome. 

· RAN1 decision on LAA UE capability related to reception on initial partial subframe should be taken into account when specifying the requirements

· 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 
2.2   Related RAN1 agreements
LAA defer and slot duration mismatch with LTE basic time unit

One LS was agreed and sent to RAN4 on LAA defer and slot duration mismatch with LTE basic time unit. The RAN1 agreements were as follows:

RAN1 agreed in 36.213 to define the defer duration and slot duration for LTE LAA channel access procedure according to the related WiFi definitions as: 
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RAN1 recognized and discussed, that the channel access timing for LAA given by Tf+k*Tsl with k≥1 (i.e. 16µs+k*9µs) is not a multiple of the LTE basic time unit Ts (i.e. with the LTE sampling rate). 
RAN1 would like to bring this observation to the attention of RAN4 and would like RAN4 to take this into account in their work on LAA. Specifically, some slight variations around 16µs+k*9µs may occur to comply with the LTE basic time unit/sampling rate.
So in RAN4 test, the transmission timing should follow the agreements in the above LS. In our view, it may impact the transmission model design for the LAA CC under test depending on what model is agreed. And we will continue discussing this in the other paper.

LAA UE reception capability
In RAN1 meeting #84, the feature capabilities were discussed and the agreements were captured in [7]. Many features groups are defined for LAA. We copy the feature list in Table 1 below. And we should consider them when defining the demodulation performance requirements.
Table 1: Feature list for LAA

	WID
	Number
	Feature group
	Components

	3. LAA
	3-1
	UE procedure related to LAA DL reception on full subframe
	1) Identification of DL transmission from serving cell for full subframe
2) Common DL control signaling decoding on LAA SCell
3) LAA CSI feedback
4) LAA CRS-DRS-based RRM measurement

	
	3-2
	Ending Partial TTI support
	1) Ending partial TTI

	
	3-3
	Initial Partial TTI support
	1) Initial partial TTI

	
	3-4
	UE-reported RSSI measurement procedure
	1) RSSI measurement and reporting based on RSSI measurement timing configuration

	
	3-5
	LAA Cross-carrier scheduling
	1) LAA cross-carrier scheduling from licensed cell

	
	3-6
	LAA TM9 support
	1) TM9 operation on LAA SCell

	
	3-7
	LAA TM10 support
	1) TM10 operation on LAA SCell

	
	3-8
	LAA CSI-RS-DRS-based RRM measurement
	1) LAA CSI-RS-DRS-based RRM measurement


2.3   Summary of remaining issues
In our view the following issues should be discussed in this meeting:
· Impact of RAN1 decision on LAA UE capability.

· Transmission schemes of unlicensed carrier;

· MBSFN subframe configuration

· DRS configuration

· Modulation schemes and coding rate

· Channel model:

· Antenna configurations and correlation matrix

· Propagation conditions

· Burst transmission model

And we would like to leave issue on burst transmission model to the other contribution.
3   Discussion of open issues for PDSCH demodulation requirements
3.1   Impact of UE capability
Among all the feature groups shown in Table 1, the feature group #3-1 is the mandatory for support of LAA. The feature #3-2, #3-3, #3-5, #3-6, and #3-7. 

For Feature #3-5, since it is optional and the LAA cross-carrier scheduling is not configured for all the existing demodulation performance requirements, we propose to consider not using LAA cross-carrier scheduling in the demodulation performance requirements. 

For Feature #3-7, TM10 requirements are specified in RAN4, and all the Rel-13 UEs should pass those requirements. And if TM9 LAA requirements are specified, then the DMRS based transmission performance under subframe type-3 could be fully verified. So we propose not to specify TM10 LAA demodulation performance requirements on LAA SCell.
For Feature #3-2 and #3-3, there would be two alternative approaches to specify the demodulation performance requirements:
· Alternative 1: Specify four test cases under each set of test parameters for different combinations of UE capabilities of #3-1, #3-2 and #3-3:
· Test 1: for UE supporting #3-1 only, i.e., perform demodulation on full subframe only;
· Test2: for UE supporting #3-1 and #3-2, i.e., perform demodulation on full subframe and ending partial subframe;

· Test 3: for UE supporting #3-1 and #3-3, i.e., perform demodulation on full subframe and initial partial subframe;
· Test 4: for UE supporting #3-1, #3-2 and #3-3, i.e., performance demodulation on all the subframes.

· Alternative 2: Specify demodulation requirements only for mandatory capability #3-1.
Considering that Feature #3-2 and #3-3 are optional for LAA, we would like to focus on verify the demodulation performance with support of #3-1. Alternative 1 covers all the capability. But to minimum the test cost and reduce the test effort, we slightly prefer Alternative 2. 
Going through the agreement for test purposes, to verify UE have the right behavior for the start symbol detection could be completed by Alternative 2. LAA UE still needs to detect the existence of CRS port #0 (or #1) on symbol #0 and #7 to detect the start of transmission, and conduct the AGC, frequency and timing tracking, even if the data is transmitted only in the full subframes.
Based on the above analysis, we have the following proposals:
· Proposal 1: Use self-carrier scheduling for LAA demodulation performance requirements;

· Proposal 2: Do not introduce the new TM10 performance requirements, since supporting TM10 is optional for LAA;

· Proposal 3: It is suggested to only schedule full subframe PDSCH transmission for LAA demodulation performance requirements in Rel-13, considering the limited time for LAA performance part.
3.2   Test parameters

In the last meeting, we provide our initial thinking on the test setup. In this paper, we will further discuss the open issues one by one. Our main idea is to design the test cases based on the existing demodulation performance requirements and try to reuse the same test parameters as much as possible. The advantage is that we can easily compare the performance under the licensed carrier and unlicensed carrier.
Transmission schemes of unlicensed carrier
In the last meeting, it was agreed to use TM3 for all the licensed carriers. But after checking the existing requirements, we think that it is feasible to reuse the existing TM4 4x2 per-CC demodulation performance requirements for licensed carriers, if TM4 4x2 LAA demodulation performance is introduced. For the other LAA tests, we can use TM3. The reason is that LAA demodulation requirement is based a certain CA configuration. The bandwidth would be diverse in the future for different CA band combinations. It is better to have PCell requirements covering all the bandwidth.
· Proposal 4: Use TM4 for licensed carrier if the TM4 4x2 LAA demodulation performance requirement is introduced and use TM3 for other requirements.
For the unlicensed carrier, there are two options: one is to use TM3 and TM9; the other is to use TM3, TM4 and TM9. Since it would be beneficial to verify the performance under either 2 CRS ports or 4 CRS ports, we propose to have TM3 2x2 and TM4 4x2 demodulation performance requirements for LAA.
· Proposal 5: Define the TM3 2x2 and TM4 4x2 demodulation performance requirements for LAA SCell.
MBSFN subframe configuration

In our understanding, up to 8 MBSFN subframes can be configured on LAA SCell. When transmitting, eNB may override the MBSFN configuration by transmitting a subframe with non-MBSFN structure. In other words, MBSFN configuration is not applied to a partial subframe. LAA capable UE is required to handle this scenario. So it may be reasonable to consider MBSFN configuration during the test to verify the UE correct behavior. And with MBSFN configuration, DMRS based transmission mode will most likely be used.
· Proposal 6: Configure up to 8 MBSFN subframes for TM9 LAA demodulation performance requirement.
DRS configuration

In our view, DRS is mainly used for cell identification and RRM measurement. It would not be mandated to use DRS for timing and frequency tracking or other operation related to demodulation. From the minimum requirement aspect, there is no need to configure DRS during the test.
· Proposal 7: Not configure DRS for LAA demodulation performance requirements.
Modulation schemes and coding rate and Channel model
We would like to define the new requirements based on the existing requirements and make the LAA performance requirements be comparable to the LAA performance. And in the next section, we will provide the detailed proposal.
And for the channel model, except for 2x2 and 4x2, we also propose to have 2x4 requirements to provide a good test coverage for 4Rx UE given that there is a 4Rx UE supporting 4Rx on all the bands.

· Proposal 8: Define 2x4 demodulation performance requirements for LAA.
Bandwidth combinations
According to the conclusion in RF session, the new 5GHz Band 46 is specified, and accordingly the following CA combinations are specified in Rel-13: CA_1-46, CA_2-46, CA_3-46, CA_4-46, CA_7-46, CA_41-46, and CA_42-46. In Rel-13 Band 46 only supports 20MHz and for all the combinations the aggregated bandwidth is 20+20MHz.

So we propose to specify the 20+20MHz test cases in Rel-13.
· Proposal 9: Define 20MHz+20MHz demodulation performance requirements for LAA.
4   Proposed LAA demodulation performance requirements
Based on the above analyses, we propose the following set of PDSCH demodulation performance requirements for LAA:
· Proposal 10: It is proposed the following new LAA demodulation performance requirements:
· Test 1: TM3 test with 2x2 Low EVA70 16QAM 1/2, which is based on the requirements of CA tests in 8.2.1.3.1 for FDD and of CA tests in 8.2.2.3.1 for TDD.
· Test 2: TM3 test with 2x4 Low EVA70 16QAM 1/2 on LAA SCell and with 2x2 Low EVA70 16QAM 1/2 on PCell, which is based on the requirements in 8.10.1.1.2 for FDD and 8.10.1.2.2 for TDD.
· Test 3: TM4 test with 4x2 Low EVA5 16QAM 1/2, which is based on the requirements of CA tests in 8.2.1.4.3 for FDD and of CA tests in 8.2.2.4.3.
· Test 4: TM9 1-layer test with 2x2 Low EVA5 QPSK 1/3 on LAA SCell and with 2x2 Low EVA70 16QAM 1/2 MBSFN configuration on PCell, which is based on the requirements of Test 1 in 8.3.1.1 for FDD and of Test 1 in 8.3.2.1A for TDD
· Test 4 (alternative): TM9 2-layer test with 2x2 Low ETU5 16QAM 1/2 [MBSFN configuration] on LAA SCell and 2x2 Low EVA70 16QAM 1/2 on PCell, which is based on the requirements in 8.3.1.2 for FDD and of Test 2 in 8.3.2.2 for TDD.
For TM9 test, we have two alternative proposals. In the annex, we provide the draft CR.
5   Conclusion / Proposals
In this contribution, we further evaluate the demodulation performance requirements for LAA. We analyzed the impact of RAN1 agreements on the RAN4 tests. Based on the previous agreement, we try to address the remaining issues. 
Based on the analyses we have the following proposals:
· Proposal 1: Use self-carrier scheduling for LAA demodulation performance requirements;

· Proposal 2: Do not introduce the new TM10 performance requirements, since supporting TM10 is optional for LAA;

· Proposal 3: It is suggested to only schedule full subframe PDSCH transmission for LAA demodulation performance requirements in Rel-13, considering the limited time for LAA performance part.
· Proposal 4: Use TM4 for licensed carrier if the TM4 4x2 LAA demodulation performance requirement is introduced and use TM3 for other requirements.
· Proposal 5: Define the TM3 2x2 and TM4 4x2 demodulation performance requirements for LAA SCell.
· Proposal 6: Configure up to 8 MBSFN subframes for TM9 LAA demodulation performance requirement.
· Proposal 7: Not configure DRS for LAA demodulation performance requirements.
· Proposal 8: Define 2x4 demodulation performance requirements for LAA.
· Proposal 9: Define 20MHz+20MHz demodulation performance requirements for LAA.
· Proposal 10: It is proposed the following new LAA demodulation performance requirements:
· Test 1: TM3 test with 2x2 Low EVA70 16QAM 1/2, which is based on the requirements of CA tests in 8.2.1.3.1 for FDD and of CA tests in 8.2.2.3.1 for TDD.

· Test 2: TM3 test with 2x4 Low EVA70 16QAM 1/2 on LAA SCell and with 2x2 Low EVA70 16QAM 1/2 on PCell, which is based on the requirements in 8.10.1.1.2 for FDD and 8.10.1.2.2 for TDD.

· Test 3: TM4 test with 4x2 Low EVA5 16QAM 1/2, which is based on the requirements of CA tests in 8.2.1.4.3 for FDD and of CA tests in 8.2.2.4.3.

· Test 4: TM9 1-layer test with 2x2 Low EVA5 QPSK 1/3 on LAA SCell and with 2x2 Low EVA70 16QAM 1/2 MBSFN configuration on PCell, which is based on the requirements of Test 1 in 8.3.1.1 for FDD and of Test 1 in 8.3.2.1A for TDD

· Test 4 (alternative): TM9 2-layer test with 2x2 Low ETU5 16QAM 1/2 [MBSFN configuration] on LAA SCell and 2x2 Low EVA70 16QAM 1/2 on PCell, which is based on the requirements in 8.3.1.2 for FDD and of Test 2 in 8.3.2.2 for TDD.
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7   Annex: Draft CR for FDD
------------------------------ Start of change --------------------------------
8.11
Demodulation of LAA SCell with frame structure Type-3
8.11.1
FDD PCell
8.11.1.1
Minimum Requirement 2 Tx Antenna Port (CA with LAA SCell)

For CA with 1 LAA SCell, the requirements are specified in Table 8.11.1.1-4, with the addition of the parameters in Table 8.11.1.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the performance of large delay CDD with 2 transmitter antennas.

For CA with 2 LAA SCells, the requirements are specified in Table 8.11.1.1-5, with the addition of the parameters in Table 8.11.1.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the performance of large delay CDD with 2 transmitter antennas.

The test coverage for different number of component carriers is defined in 8.1.2.4.
Table 8.11.1.1-1: Test Parameters for Large Delay CDD (FRC)
	Parameter
	Unit
	Value

	Downlink power allocation
	
[image: image8.wmf]A

r


	dB
	-3

	
	
[image: image9.wmf]B

r


	dB
	-3 (NOTE 1)

	
	(
	dB
	0

	
[image: image10.wmf]oc

N

at antenna port
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	PDSCH transmission mode
	
	TM3

	DL Burst transmission pattern for LAA SCell
	
	TBD as specified in X.X

	Frequency offset of LAA SCell relative to PCell
	μs
	[30.26]

	Timing error relative of LAA SCell to PCell
	Hz
	[750]

	NOTE 1:
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NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.11.1.1-2: Single carrier performance for licensed PCell and SCell with multiple CA configurations
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	13.6

	3MHz
	R.11-6 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	5MHz
	R.11-2 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	10 MHz
	R.11 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9

	15MHz
	R.11-7 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.8

	20MHz
	R.30 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9


Table 8.11.1.1-3: Single carrier performance for LAA SCell with multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%) (Note 1)
	SNR (dB)

	20MHz
	R.30-X FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	[70]
	TBD

	Note 1: 
Fraction of maximum throughput is defined per scheduled transmission occasions for PDSCH.


Table 8.11.1.1-4: Minimum performance (FRC) based on single carrier performance for CA with 1 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.11.1.1-2 and Table 8.11.1.1-3 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in for licensed CC and apply the per-CC requirements defined in for LAA CC.


Table 8.11.1.1-5: Minimum performance (FRC) based on single carrier performance for CA with 2 LAA Scell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	TBD
	TBD
	TBD
	As defined in Table 8.11.1.1-2 and Table 8.11.1.1-3 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in for licensed CC and apply the per-CC requirements defined in for LAA CC.


8.11.1.2
Open-loop spatial multiplexing performance with 2Tx Antenna Ports (Cell-Specific Reference Symbols, CA with LAA SCell)

For CA with 1 LAA SCell, the requirements are specified in Table 8.11.1.2-5, based on the single carrier performance defined for licensed carrier in Table 8.11.1.2-3 with the addition of the parameters in Table 8.11.1.2-1, and the single carrier performance defined for LAA SCell in Table 8.11.1.2-4 with the addition of the parameters in Table 8.11.1.2-2. The downlink physical channel setup is according to Annex C.3.2.

For CA with 2 LAA SCell, the requirements are specified in Table 8.11.1.2-6, based on the single carrier performance defined for licensed carrier in Table 8.11.1.2-3 with the addition of the parameters in Table 8.11.1.2-1, and the single carrier performance defined for LAA SCell in Table 8.11.1.2-4 with the addition of the parameters in Table 8.11.1.2-2. The downlink physical channel setup is according to Annex C.3.2.
Table 8.11.1.2-1: Test Parameters for Large Delay CDD (FRC) for licensed carrier with 2Rx Antenna ports
	Parameter
	Unit
	Value

	Downlink power allocation
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	PDSCH transmission mode
	
	TM3

	NOTE 1:
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NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.11.1.2-2: Test Parameters for Large Delay CDD (FRC) for LAA SCell with 4 RX Antenna Ports

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	PDSCH transmission mode
	
	3

	DL Burst transmission pattern for LAA SCell
	
	TBD as specified in X.X

	Frequency offset of LAA SCell relative to PCell
	μs
	[30.26]

	Timing error relative of LAA SCell to PCell
	Hz
	[750]

	NOTE 1:
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Table 8.11.1.2-3: Single carrier performance Large Delay CDD (FRC) for licensed carrier with 2 RX Antenna Ports, TM3, and multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	13.6

	3MHz
	R.11-6 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	5MHz
	R.11-2 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	10 MHz
	R.11 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9

	15MHz
	R.11-7 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.8

	20MHz
	R.30 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9


Table 8.11.1.2-4: Single carrier performance Large Delay CDD (FRC) for LAA SCell with 4 RX Antenna Ports and multiple CA configurations
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%) (Note 1)
	SNR (dB)

	20MHz
	R.30-X FDD
	OP. 1 FDD
	EVA70
	2x4 Low
	[70]
	TBD

	Note 1: 
Fraction of maximum throughput is defined per scheduled transmission occasions for PDSCH.


Table 8.11.1.2-5: Minimum performance (FRC) based on single carrier performance for CA with 1 LAA SCell

	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.11.1.1-3 and Table 8.11.1.1-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in 8.11.1.1-3 for licensed CC and apply the per-CC requirements defined in 8.11.1.1-4 for LAA CC.


Table 8.11.1.2-6: Minimum performance (FRC) based on single carrier performance for CA with 2 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	TBD
	TBD
	TBD
	As defined in Table 8.11.1.1-3 and Table 8.11.1.1-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.
Note 2: 
Apply the per-CC requirements defined in 8.11.1.1-3 for licensed CC and apply the per-CC requirements defined in 8.11.1.1-4 for LAA CC.


8.11.1.3
Minimum Requirement Multi-Layer Spatial Multiplexing 4 Tx Antenna Port (CA with LAA SCell)

For CA with 1 LAA SCell, the requirements are specified in Table 8.11.1.3-4, with the addition of the parameters in Table 8.11.1.3-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-two performance with wideband and frequency selective precoding.

For CA with 2 LAA SCells, the requirements are specified in Table 8.11.1.3-5, with the addition of the parameters in Table 8.11.1.3-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-two performance with wideband and frequency selective precoding.
The test coverage for different number of component carriers is defined in 8.1.2.4.
Table 8.11.1.3-1: Test Parameters for Multi-Layer Spatial Multiplexing (FRC)
	Parameter
	Unit
	Value

	Downlink power allocation
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	Precoding granularity
	PRB
	4 for 3MHz and 5MHz CCs, 6 for 10MHz CCs, 8 for 15MHz and 20MHz CCs

	PMI delay (Note 2)
	ms
	8

	Reporting interval
	ms
	1

	Reporting mode
	
	PUSCH 1-2

	CodeBookSubsetRestriction bitmap
	
	0000000000000000000000000000000011111111111111110000000000000000

	CSI request field (Note 3)
	
	‘10’

	PDSCH transmission mode 
	
	TM4

	DL Burst transmission pattern for LAA SCell
	
	TBD as specified in X.X

	Frequency offset of LAA SCell relative to PCell
	μs
	[30.26]

	Timing error relative of LAA SCell to PCell
	Hz
	[750]

	Note 1:
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Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
Multiple CC-s under test are configured as the 1st set of serving cells by higher layers.
Note 4:
ACK/NACK bits are transmitted using PUSCH with PUCCH format 3.
Note 5:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.11.1.3-2: Single carrier performance for licensed PCell and SCell with multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.14-4 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.4

	3MHz
	R.14-5 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	9.5

	5MHz
	R.14-6 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	9.5

	10 MHz
	R.14 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.1

	15MHz
	R.14-7 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.1

	20MHz
	R.14-3 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.3


Table 8.11.1.3-3: Single carrier performance for LAA SCell with multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%) (Note 1)
	SNR (dB)

	20MHz
	R.14-X FDD
	OP. 1 FDD
	EVA5
	4x2 Low
	[70]
	TBD

	Note 1: 
Fraction of maximum throughput is defined per scheduled transmission occasions for PDSCH.


Table 8.11.1.3-4: Minimum performance (FRC) based on single carrier performance for CA with 1 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.11.1.3-2 and Table 8.11.1.3-3 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in 8.11.1.3-2 for licensed CC and apply the per-CC requirements defined in 8.11.1.3-3 for LAA CC.


Table 8.11.1.3-5: Minimum performance (FRC) based on single carrier performance for CA with 2 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	TBD
	TBD
	TBD
	As defined in Table 8.11.1.3-2 and Table  8.11.1.3-3 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in 8.11.1.3-2 for licensed CC and apply the per-CC requirements defined in 8.11.1.3-3 for LAA CC.


8.11.1.4
Single-layer Spatial Multiplexing (CA with LAA SCell)
For CA with 1 LAA SCell, the requirements for single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C are specified in Table 8.11.1.4-5, based on the single carrier performance defined for licensed carrier in Table 8.11.1.4-3 with the addition of the parameters in Table 8.11.1.4-1, and the single carrier performance for LAA SCell in Table 8.11.1.4-4 with the addition of the parameters in Table 8.11.1.4-2.  The downlink physical channel is setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8 with and without a simultaneous transmission on the other antenna port, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power.
For CA with 2 LAA SCell, the requirements for single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C are specified in Table 8.11.1.4-6, based on the single carrier performance defined for licensed carrier in Table 8.11.1.4-3 with the addition of the parameters in Table 8.11.1.4-1, and the single carrier performance for LAA SCell in Table 8.11.1.4-4 with the addition of the parameters in Table 8.11.1.4-2.  The downlink physical channel is setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8 with and without a simultaneous transmission on the other antenna port, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power.
Table 8.11.1.4-1: Test Parameters for Large Delay CDD (FRC) for licensed carrier with 2Rx Antenna ports
	Parameter
	Unit
	Value

	Downlink power allocation
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	PDSCH transmission mode
	
	TM3

	Subframe configuration
	
	Non-MBSFN

	NOTE 1:

[image: image27.wmf]1

=

B

P

.

NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.11.1.4-2: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 
	parameter
	Unit
	Test 1

	Downlink power allocation
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Beamforming model
	
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2

	CSI reference signal configuration
	
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
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	Symbols for unused PRBs
	
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50

	Simultaneous transmission
	
	No

	PDSCH transmission mode
	
	9

	MBSFN subframe allocation
	
	[11111111]

	DL Burst transmission pattern for LAA SCell
	
	TBD as specified in X.X

	Frequency offset of LAA SCell relative to PCell
	μs
	[30.26]

	Timing error relative of LAA SCell to PCell
	Hz
	[750]

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 5:
The two UEs’ scrambling identities 
[image: image32.wmf]SCID
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 are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases.


Table 8.11.1.4-3: Single carrier performance Large Delay CDD (FRC) for licensed carrier with 2 RX Antenna Ports, TM3, and multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	13.6

	3MHz
	R.11-6 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	5MHz
	R.11-2 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	10 MHz
	R.11 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9

	15MHz
	R.11-7 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.8

	20MHz
	R.30 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9


Table 8.11.1.4-4: Single carrier performance for CDM-multiplexed DM RS (single layer) without simultaneous transmission with multiple CSI-RS configurations and for LAA SCell with multiple CA configurations

	Bandwidth and MCS
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%) (Note 1)
	SNR (dB)

	20MHz
QPSK 1/3
	R.43-X FDD
	OP.1 FDD
	EVA5
	2x2 Low
	[70]
	TBD

	Note 1: 
Fraction of maximum throughput is defined per scheduled transmission occasions for PDSCH.


Table 8.11.1.4-5: Minimum performance (FRC) based on single carrier performance for CA with 1 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.11.1.4-3 and Table 8.11.1.4-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in 8.11.1.4-3 for licensed CC and apply the per-CC requirements defined in 8.11.1.4-4 for LAA CC.


Table 8.11.1.4-6: Minimum performance (FRC) based on single carrier performance for CA with 2 LAA Scell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	TBD
	TBD
	TBD
	As defined in Table 8.11.1.4-3 and Table 8.11.1.4-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in 8.11.1.4-3 for licensed CC and apply the per-CC requirements defined in 8.11.1.4-4 for LAA CC.


8.11.1.5
Dual-Layer Spatial Multiplexing (CA with LAA SCell)

For CA with 1 LAA SCell, the requirements for dual-layer transmission on antenna ports 7 and 8 upon detection of a PDCCH with DCI format 2C are specified in Table 8.11.1.5-4, with the addition of the parameters in Table 8.11.1.5-1. The downlink physical channel setup is set according to Annex C.3.2. The purpose of these tests is to verify the rank-2 performance for full RB allocation, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power.
For CA with 2 LAA SCell, the requirements for dual-layer transmission on antenna ports 7 and 8 upon detection of a PDCCH with DCI format 2C are specified in Table 8.11.1.5-5, with the addition of the parameters in Table 8.11.1.5-1. The downlink physical channel setup is set according to Annex C.3.2. The purpose of these tests is to verify the rank-2 performance for full RB allocation, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power.
Table 8.11.1.5-1: Test Parameters for Large Delay CDD (FRC) for licensed carrier with 2Rx Antenna ports
	Parameter
	Unit
	Value

	Downlink power allocation
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	PDSCH transmission mode
	
	TM3

	Subframe configuration
	
	Non-MBSFN

	NOTE 1:

[image: image36.wmf]1

=

B

P

.

NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.11.1.5-2: Test Parameters for Testing CDM-multiplexed DM RS (dual layer) for CA with LAA SCell and multiple CSI-RS configurations 

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	Cell-specific reference signals
	
	Antenna ports 0 and 1

	Cell ID
	
	0

	CSI reference signals
	
	Antenna ports 15,16

	Beamforming model
	
	Annex B.4.2

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	Subframes
	5/2

	CSI reference signal configuration
	
	8

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0010000000000000
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	Symbols for unused PRBs
	
	OCNG (Note 2)

	Number of allocated resource blocks (Note 2)
	PRB
	50

	PDSCH transmission mode
	
	9

	MBSFN subframe allocation
	
	[11111111]

	DL Burst transmission pattern for LAA SCell
	
	TBD as specified in X.X

	Frequency offset of LAA SCell relative to PCell
	μs
	[30.26]

	Timing error relative of LAA SCell to PCell
	Hz
	[750]

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


Table 8.11.1.5-3: Single carrier performance Large Delay CDD (FRC) for licensed carrier with 2 RX Antenna Ports, TM3, and multiple CA configurations

	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.11-5 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	13.6

	3MHz
	R.11-6 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	5MHz
	R.11-2 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.3

	10 MHz
	R.11 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9

	15MHz
	R.11-7 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.8

	20MHz
	R.30 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	12.9


Table 8.11.1.5-4: Single carrier performance for CDM-multiplexed DM RS (dual layer) with multiple CSI-RS configurations and for LAA SCell with multiple CA configurations

	Bandwidth and MCS
	Reference channel
	OCNG pattern
	Propa-gation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%) (Note 1)
	SNR (dB)

	20MHz
16QAM 1/2
	TBD
	OP. 1 FDD
	ETU5
	2x2 Low
	[70]
	TBD

	Note 1: 
Fraction of maximum throughput is defined per scheduled transmission occasions for PDSCH.


Table 8.11.1.5-5: Minimum performance (FRC) based on single carrier performance for CA with 1 LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.11.1.5-3 and Table 8.11.1.5-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in Table 8.11.1.5-3 for licensed CC and apply the per-CC requirements defined in Table 8.11.1.5-4 for LAA CC.


Table 8.11.1.5-6: Minimum performance (FRC) based on single carrier performance for CA with 2 LAA Scell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CC
	CC as LAA SCell
	
	

	1
	TBD
	TBD
	TBD
	As defined in Table 8.11.1.5-3 and Table 8.11.1.5-4 per CC
	FFS

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in TBD.

Note 2: 
Apply the per-CC requirements defined in Table 8.11.1.5-3 for licensed CC and apply the per-CC requirements defined in Table 8.11.1.5-4 for LAA CC.


8.11.1
TDD Pcell
<< TBD>>
------------------------------ End of change ------------------------------
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