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Introduction
The WI on Enhancements for high capacity stationary wireless link and introduction of 1024 QAM for LTE DL was defined with the following objectives [1]:
	Core part WI/ Testing part WI:
· Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels [RAN1, RAN4]
· Document the study result of feasibility and benefit in a TR
· If normative work starts, introduce new MCS table, signalling and CQI feedback to support 1024QAM for PDSCH
· Specify DM-RS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10 [RAN1]
· Define applicable RRC signalling, UE capability and potential new UE categories [RAN2, RAN1]
· Define corresponding higher-layer procedures and signalling [RAN2]
· Define corresponding RRM and RF requirements [RAN4]
Performance part WI:
· Specify the necessary UE and eNodeB performance requirements for LTE high capacity stationary wireless link for the scenarios addressed in RAN1 and RAN2 specifications, including. 
· Demodulation performance requirements
· CQI requirements


With regards to the study of feasibility and performance benefit with 1024QAM for LTE downlink channels RAN1 has concluded the following [2]:
RAN1 has observed different degrees of performance improvement due to support of 1024QAM in some scenarios based on link level evaluations. RAN1 has not conducted system level simulation and thus did not confirm the benefits of 1024QAM on system level. RAN1 has concluded that 1024QAM is beneficial to achieve higher peak data rates than 256QAM and recommends to specify 1024QAM at least for some types of UEs (e.g. CPE).
RAN1 has also agreed on the following for DMRS overhead reduction [2]:
· When the OCC4 is used for rank 3 and 4 transmission, nSCID is fixed to zero
· The OCC4 for rank 3 and 4 is not supported for one enabled CW case
· No additional DMRS overhead reduction scheme for rank 3/4 transmission will be specified in R15

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	3 layers, ports 7, 8,11 (OCC=4)

	13
	3 layers, ports 7-9
	13
	4 layers, ports 7, 8,11,13 (OCC=4)

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved



In this paper we discuss the scenarios for UE performance requirements for LTE high capacity stationary wireless link.

Discussion
Following the agreements in RAN1 on 1024QAM and DMRS overhead reduction, UE performance requirements need to be introduced to verify:
1. Performance with DL 1024QAM
2. Performance with reduced DMRS overhead
In this paper we discuss the scenarios for verifying UE performance with 1024QAM for PDSCH.
The UE performance requirements with 1024QAM should be defined for SDR, PDSCH demodulation and CSI reporting.
Proposal#1: To verify UE performance with 1024QAM introduce (1) SDR tests, (2) PDSCH Demodulation tests and (3) CSI reporting tests

SDR Tests
To verify that peak data rate is achieved under limited-noise conditions, sustainable data rate tests shall be defined with 1024QAM modulation. The key parameters to be discussed for these tests are:
1. TBS: The CQI/MCS table is under discussion in RAN1 currently and the maximum TBS shall be used for SDR tests
2. TM/Rank: SDR tests shall be defined for Rank 2 transmission in TM3. FFS if tests with 4 layers need to be defined.
3. CA scenarios (number of CCs and BW)

Proposal#2: Discuss parameters for SDR tests – (1) TBS, (2) Rank (3) Number of CCs and Bandwidth
PDSCH Demodulation Tests
In order to define PDSCH demodulation test cases, the following parameters need to be discussed:
· Propagation Channel Models
· Number of Tx/Rx antenna
· PDSCH Transmission modes
· Tx EVM assumptions
· FRC (MCS / TBS / MIMO layers)
· Receiver Assumption

Propagation Channel Models

For evaluating the feasibility of 1024QAM in RAN1 TDL channel modes modelling Line-of-Sight conditions were used. Such channel models are not defined in TS36.101 and recommend using flat fading channels models likes EPA. Also, since the main use case for 1024 QAM is fixed wireless access, we recommend limiting it to low mobility conditions.
Proposal #3: Propagation channel conditions for 1024QAM tests shall be limited to EPA at low speeds.
Number of Transmit Antenna
The number of transmit antenna for the testcases with 1024QAM shall be 2 or 4. 
Number of Receive Antenna
The number of receive antenna for the testcases shall be 2. Although RAN1 study indicates that maximum gains with 1024QAM are achieved with 4 Rx antenna, we believe it is sufficient to limit the test cases to using 2 Rx antenna to verify UE performance.
Proposal#4: Define tests with 1024QAM with maximum of 2/4Tx and 2Rx antennas
Tx EVM
In RAN4#84bis, the BS EVM requirements were agreed as:

Table 1: EVM requirements for E-UTRA carrier
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %

	1024QAM
	2.5 %



The BS RF requirements are the minimum requirements and represent the worst case. Under practical conditions it is assumed that achievable TX EVM could be better. For the purpose of UE performance requirements definition, we recommend using a Tx EVM of 1.5%.
Proposal #5: For UE performance requirements with 1024QAM the Tx EVM shall be limited to 1.5%.




FRC
The CQI/MCS tables for 1024QAM are currently under discussion in RAN1. Based on the outcome of the discussion, the MCS used for PDSCH demodulation tests could target a code rate of <0.85. 
The number of MIMO layers for demodulation tests could be 1 or 2 depending on the test case.
Proposal #6: The TBS selected for tests with 1024QAM shall target a code rate < 0.85.
Receiver Assumption
The baseline receiver for 1024QAM shall be LMMSE since the scenarios with 1024QAM are targeting noise-limited conditions.
Proposal #6: The baseline receiver assumption shall be LMMSE.
To have sufficient coverage for PDSCH demodulation requirements with 1024QAM, we recommend introducing tests for Demodulation of PDSCH with Cell Specific RS and UE Specific RS. We propose the following simulation assumptions as a starting point for further study and discussion. 
For PDSCH demodulation with Cell Specific RS, we recommend introducing a test based on section 8.2.1.4.2 of TS 36.101 to verify the closed loop rank-two performance with wideband and frequency selective precoding. 
	Parameter
	Value

	Bandwidth
	10MHz

	PDSCH Transmission Mode
	4

	Reporting Mode
	PUSCH 1-2

	Precoding Granularity
	6

	Propagation Condition
	EPA5

	Antenna Configuration and Correlation
	2x2 Low



For PDSCH demodulation requirements with UE Specific RS, we recommend introducing a test based on section 8.3.1.1 of TS 36.101 to verify rank-1 performance on one of the antenna ports 7 or 8, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power.
	Parameter
	Value

	Bandwidth
	10MHz

	PDSCH Transmission Mode
	9

	Propagation Condition
	EPA5

	Antenna Configuration and Correlation
	2x2 Low


Proposal #7: Further study PDSCH demodulation with 1024QAM and introduce PDSCH demodulation tests with 1024QAM with Cell specific RS and UE specific RS 




CSI Reporting Tests
The CQI/MCS tables for 1024QAM are currently under discussion in RAN1 and will result in the introduction of a new CQI reporting table. CQI reporting will need to be studied and CQI reporting tests would need to be introduced to test the newly introduced tables. We recommend studying CQI reporting in static and fading channel conditions and introducing test cases to verify CQI reporting in these conditions. 
For CQI tests in AWGN conditions, the following assumptions are recommended as a starting point for further study:
	Parameter
	Value

	Bandwidth
	20MHz

	PDSCH Transmission Mode
	1

	Reporting Mode
	PUCCH 1-0

	Propagation Condition
	AWGN

	Antenna Configuration and Correlation
	1x2 Low



For CQI test in fading channel conditions, the following simulation assumptions are recommended as a starting point for further study:
	Parameter
	Value

	Bandwidth
	10MHz

	PDSCH Transmission Mode
	9

	Reporting Mode
	PUSCH 1-2

	Subband Size
	6

	Propagation Condition
	Clause B.2.4 with 
[image: ]s, a = 1, [image: ]Hz

	Antenna Configuration and Correlation
	2x2 Low


Proposal #8: Further study CQI reporting with newly introduced CQI tables and introduce CQI reporting tests in Static and Fading conditions 
  Conclusions
In this contribution we present our views on UE performance with 1024 for LTE DL channels and also share some test scenarios to be considered in defining test cases.
In summary, we propose:
Proposal#1: To verify UE performance with 1024QAM introduce (1) SDR tests, (2) PDSCH Demodulation tests and (3) CSI reporting tests
Proposal#2: Discuss parameters for SDR tests – (1) TBS, (2) Rank (3) Number of CCs and Bandwidth
[bookmark: _GoBack]Proposal #3: Propagation channel conditions for 1024QAM tests shall be limited to EPA at low speeds.
Proposal#4: Define tests with 1024QAM with maximum of 2/4Tx and 2Rx antennas
Proposal #5: For UE performance requirements with 1024QAM the Tx EVM shall be limited to 1.5%.
Proposal #6: The TBS selected for tests with 1024QAM shall target a code rate of <0.85.
Proposal #7: Further study PDSCH demodulation with 1024QAM and introduce PDSCH demodulation tests with 1024QAM with Cell specific RS and UE specific RS 
Proposal #8: Further study CQI reporting with newly introduced CQI tables and introduce CQI reporting tests in Static and Fading conditions 
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