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1 Introduction
In RAN4 meeting #72, the demodulation performance and CSI reporting requirements were discussed [1~5]. Although the way forward on 256QAM demodulation requirements was noted [6], the most contents in the way forward were agreeable to the group. And in RAN1 meeting #78, the work on 256QAM was almost finalized and a set of LS-s were sent out [8-10].

In this contribution, we would like further discuss the framework and test parameters for 256QAM demodulation performance requirements.
2 Discussion
2.1 General discussion
In [2] we elaborate our points about how to design the demodulation performance and CSI requirements. We propose to verify the fundamental changes of UE implementation and the performance under the typical scenarios or use cases. From RAN4 demodulation performance test aspects, we think that the fundamental changes are mainly related to the introduction of 256QAM and include the soft-decision demodulation with new 256QAM constellation, the support of link adaptation with the new CQI/MCS/TBS tables, the support of peak data rate for new UE categories with 256QAM, and the MIMO equalizer supporting 256QAM.
So the main test purposes for verification of 256QAM are:
· To verify the demodulation performance using 256QAM reference channel under the typical use cases;

· To verify the link adaptation performance following the new CQI/MCS/TBS tables, e.g., CQI definition test and RI test;

· To verify the support of peak data rate for the new UE categories, i.e., sustained data rate tests.

2.2 Discussion on test cases and parameters
2.2.1 Configured bandwidths
In [2] we proposed to define the demodulation performance requirements with 10MHz for both TDD and FDD. According to offline discussion, 20MHz bandwidth is recommended since most of TDD bands support 20MHz and it was thought to be beneficial to have maximum bandwidth 20MHz for TDD demodulation test. But TDD Band 34 does not support 20MHz.
As an alternative way, maybe we can consider defining part of TDD tests with 10MHz and the other part with 20MHz bandwidth, e.g., to define 10MHz TDD single layer test cases and define 20MHz TDD dual-layer test cases as the stress test.
So we propose that

· Proposal 1: Define FDD demodulation test cases with 10MHz bandwidth and define TDD demodulation test cases with 10MHz for single layer transmission modes and 20MHz for dual-layer transmission mode.
2.2.2 Transmission modes
According to discussion in the last meeting, the consensus is both CRS based transmission modes and DMRS based transmission modes should be taken into account when designing the demodulation performance requirements.
And it was acceptable to introduce TM4 dual-layer test and TM9 single layer test. The reason to specify TM4 dual-layer instead of TM3 is that both dual-layer equalizer and PMI feedback for 256QAM could be verified. In that way the more information on UE implementation could be obtained with the minimal number of test case.
The open issue is whether the TM2 PDSCH demodulation test should be introduced. In our view the TM2 is the important feedback transmission mode and when the channel correlation is medium or high the TM2 is still the robust way to utilize 256QAM under high SNR. So we propose to define TM2 test to verify the performance for the single layer CRS based transmission.
· Proposal 2: Define the TM2, TM4 dual-layer, and TM9 1-layer tests with 256QAM under the fading channel.
2.2.3 Correlation matrix

For TM2 transmit diversity test, the legacy channel is with medium correlation. And for TM4 the low correlation is suitable to verify the performance of spatial multiplexing. For TM9 test, according to our simulation results, the required SNR may be beyond 30dB without impairment because of random pre-coding scheme. Maybe high correlation channel with fixed pre-coding is one option to lower the required SNR.
· Proposal 3: Use medium correlation channel for TM2 demodulation test and use low correlation channel for TM4 dual-layer test. For TM9 test, more consideration is needed.
2.2.4 Transmit antenna EVM

According to the discussion in the RF session, it seemed that 3.5% BS Tx EVM was acceptable to the group. But the assumed Tx EVM for the demodulation performance requirements should be aligned with the test equipment instead of the minimum BS requirements. And the smaller value of Tx EVM would benefit the verification of the receiver performance and the alignment of the simulation results, since the impact of the uncertainty of Tx EVM models used by different companies could be excluded.
And in TS36.104 the BS transmit EVM requirement is 8% for 64QAM, while 6% Tx EVM is assumed for all the demodulation requirements until now. It means that we do not need to align the assumed EVM with the BS minimum requirements.
So we propose that

· Proposal 4: 3%Tx EVM is proposed for 256QAM requirements, e.g., 3%.
2.2.5 Applicability – UE category and sustained data rate test
In LS [10], the new UE categories which can support 256QAM are specified. With support of 2DL CA, the maximum supported TB sizes per TTI for UE category 6 and 7 are updated. To support 3DL the new UE categories, i.e., UE Category 11 and 12, are specified.
According to RAN1 agreement, the UE category 6, 7, 11, 12 and 13 can indicate to support 256QAM.

· Proposal 5: The demodulation performance and CSI requirements defined for 256QAM is applicable to UE category 6, 7, 11, 12 and 13.

· Proposal 6: The new sustained data rate requirements supporting 256QAM for UE category 6, 7, 11 and 12 should be introduced.
Table 1 (Table 4.1-1 in 36.306): Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504 (-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504(-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 11
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 13
	3916560
	391656
	47431680
	8

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


2.2.6 Others
256QAM PMCH test

In LS [9] RAN1 reached the following agreements:

RAN1 has reconsidered the support of 256QAM for PMCH, and has made the following agreements:

· 256QAM shall be supported for MTCH transmission on PMCH in Rel. 12 as a second priority

· 256QAM shall not be supported for MCCH transmission on PMCH in Rel. 12

Note: Feature group of 256QAM for PMCH will be defined in Rel-12 UE capability, with 256QAM unicast as a pre-requisite feature.

Note: It is intended for scenarios in the small cell context. There should be no RAN4 core work for it.
In general we would like to put 256QAM PMCH requirements in the second priority. But if the requirements was needed, the new channel model would be needed.
The existing channel model for PMCH is made up of three clusters of EVA propagation models, which may not correspond to the typical propagation conditions where 256QAM PMCH will be utilized and thus would result in very high required SNR at 1%. More work would be needed to check whether the channel model is suitable.
· Observation 1: if the new PMCH demodulation requirements were defined, the new channel model may need to be considered.

Update the existing demodulation performance and CSI requirements

Because the new CQI/MCS/TBS tables are introduced for 256QAM in addition to the legacy tables, the CR-s would be needed to clarify which tables will be applied for the existing requirements and the new requirements.
· Proposal 7: it is needed to clarify which CQI/MCS/TBS tables between the new and the legacy ones should be applied to each demodulation performance or CSI requirement.
Redundancy version coding sequence

Since {0,0,1,2} is used for high order, namely 64QAM, we propose to use the same sequence for 256QAM.

· Proposal 8: {0,0,1,2} is proposed to be used as redundancy version coding sequence for 256QAM demodulation test cases.

3 Proposed framework
3.1 PDSCH demodulation requirements under fading channel
3.1.1 Framework and test parameters
Table 2 provides the simulation parameters. And Table 3 and Table 4 provide the test cases for FDD and TDD respectively.
Table 2: Proposed simulation parameters for 256QAM demodulation test cases 
	Parameter
	Unit
	Value 

	Number of HARQ processes per component carrier
	Processes
	8 for FDD
7 for TDD

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 256QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths,

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cyclic Prefix
	
	Normal

	Cell_ID
	
	0

	Cross carrier scheduling
	
	Not configured
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	Symbols for unused PRBs
	
	

	PDSCH transmission modes
	
	Defined per test case

	Uplink downlink configuration (TDD)
	
	1

	Special subframe configuration
	
	4

	Tx EVM
	
	[3]% for TM2, TM4 and TM9
4% for TM4

	Scheduled PRB number
	
	Full bandwidth scheduling

	Specific parameters for TM2 and TM4

	Downlink power allocation 

(PB =1)
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	Specific parameters for TM9

	Downlink power allocation 

(PB =1)
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	Beamforming model
	
	Annex B.4.1 TS36.101

	CRS port
	
	Antenna ports 0,1

	Non-zero-power/Zero power CSI-RS configurations TM9
	
	2x2 for FDD,2CRS ports,4 CSI-RS ports
 ( Refer to Table 8.3.1.1-1 Test 1 FDD; Table 8.3.2.1A-1 Test 1 TDD)

	Simultaneous interference
	
	No

	DMRS port
	
	Port 7

	Interference
	
	No explicitly modelled interference cell


Table 3: Proposed 256QAM demodulation test cases (FDD)

	Test Num
	TM
	Bandwidth
	FRC
	Propagation condition
	Antenna and correlation
	UE category

	1
	TM2
	10MHz
	Option 1: MCS 23 in SF 1,2,3,4,6,7,8,9
Option 2: MCS 24 in SF 1,2,3,4,6,7,8,9;

Option 3: MCS 25 in SF 1,2,3,4,6,7,8,9
	EVA5
	2×2 Medium
	6, 7, 11-13

	2
	TM4 2-layer
	10MHz
	Option 1: MCS 22 in SF 1,2,3,4,6,7,8,9
Option 2: MCS 23 in SF 1,2,3,4,6,7,8,9
Option 3: MCS 24 in SF 1,2,3,4,6,7,8,9
	EPA5/EVA5
	2×2 Low
	6, 7, 11-13

	3
	TM9 1-layer
	10MHz
	Option 1: MCS 23 in SF 0,1,4,6,9,MCS 22 in SF 2,3,7,8

Option 2: MCS 24 in SF 0,1,4,6,9,MCS 23 in SF 2,3,7,8

Option 3: MCS 25 in SF 0,1,4,6,9,MCS 24 in SF 2,3,7,8
	EPA5
	2×2 Low
	6, 7, 11-13


Table 4: Proposed 256QAM demodulation test cases (TDD)

	Test Num
	TM
	Bandwidth
	FRC
	Propagation condition
	Antenna and correlation
	UE category

	1
	TM2
	10MHz
	TBD
	EVA5
	2×2 Low
	6, 7, 11-13

	2
	TM4 2-layer
	[20] MHz
	TBD
	EPA5/EVA5
	2×2 Low
	6, 7, 11-13

	3
	TM9 1-layer
	10MHz
	TBD
	EPA5
	2×2 Low
	6, 7, 11-13


3.1.2 Simulation results
The simulation results for FDD with 10MHz bandwidth are provided in the attached document and summarized below.
Table 5: Summary of simulation results (FDD)

	Test Num
	TM
	Descriptions
	SNR @ 70% TP

	1
	TM2
	Option 1: MCS 23 in SF 1,2,3,4,6,7,8,9; 3%EVM
	20dB

	
	
	Option 2: MCS 24 in SF 1,2,3,4,6,7,8,9; 3%EVM
	21dB

	
	
	Option 3: MCS 25 in SF 1,2,3,4,6,7,8,9; 3%EVM
	22dB

	2
	TM4 2-layer
	Option 1: MCS 22 in SF 1,2,3,4,6,7,8,9; 3%EVM
	26dB for EVA5; 26 dB for EPA5

	
	
	Option 2: MCS 23 in SF 1,2,3,4,6,7,8,9; 3%EVM
	26.9dB for EVA5; 26.8dB for EPA5

	
	
	Option 3: MCS 24 in SF 1,2,3,4,6,7,8,9; 3%EVM
	28.3dB for EVA5; 28.2dB for EPA5

	
	
	Option 3: MCS 24 in SF 1,2,3,4,6,7,8,9; 4%EVM
	29.1dB for EVA5; 29.0dB for EPA5

	3
	TM9 1-layer
	Option 1: MCS 23 in SF 0,1,4,6,9,MCS 22 in SF 2,3,7,8; 3%EVM
	30dB

	
	
	Option 2: MCS 24 in SF 0,1,4,6,9,MCS 23 in SF 2,3,7,8; 3%EVM
	32dB

	
	
	Option 3: MCS 25 in SF 0,1,4,6,9,MCS 24 in SF 2,3,7,8; 3%EVM
	34dB


It is observed that
· The performance differences for TM4 between under EVA5 and EPA5 channels are marginal;

· The performance loss of TM4 test case with 4% Tx EVM compared to 3% Tx EVM is larger than 0.6dB;

· The required SNRs at 70% relative throughput for TM9 test is larger than 30dB, which is not feasible, and the test setup needs to be modified.
Based on the simulation results and observations, we propose:
· Proposal 9: use EPA5 for TM4 and TM9 test since the performance differences between under EVA5 and EPA5 is small;

· Proposal 10: prefer 3% Tx EVM due to the noticeable performance loss with larger EVM;
· Proposal 11: for TM4 test, both PUSCH 1-2 and PUSCH 3-1 CSI feedback modes are proposed for consideration in order to obtain a good test point;
· Proposal 12: TM9 test setup needs to be changed, and the following options or combination of them are proposed for consideration:

· Option 1: set CFI = 1;

· Option 2: use high correlation channel and fix the PMI during the test;

· Option 3: consider the closed-loop TM9 test.
4 Conclusions
In this contribution, we provide the framework and simulation assumptions capturing the comments received in the previous meetings. The proposals are summarized as follows:
· Proposal 1: Define FDD demodulation test cases with 10MHz bandwidth and define TDD demodulation test cases with 10MHz for single layer transmission modes and 20MHz for dual-layer transmission mode.
· Proposal 2: Define the TM2, TM4 dual-layer, and TM9 1-layer tests with 256QAM under the fading channel.
· Proposal 3: Use medium correlation channel for TM2 demodulation test and use low correlation channel for TM4 dual-layer test. For TM9 test, more consideration is needed.
· Proposal 4: 3%Tx EVM is proposed for 256QAM requirements, e.g., 3%.

· Proposal 5: The demodulation performance and CSI requirements defined for 256QAM is applicable to UE category 6, 7, 11, 12 and 13.

· Proposal 6: The new sustained data rate requirements supporting 256QAM for UE category 6, 7, 11 and 12 should be introduced.

· Proposal 7: it is needed to clarify which CQI/MCS/TBS tables between the new and the legacy ones should be applied to each demodulation performance or CSI requirement.

· Proposal 8: {0,0,1,2} is proposed to be used as redundancy version coding sequence for 256QAM demodulation test cases.
· Proposal 9: use EPA5 for TM4 and TM9 test since the performance differences between under EVA5 and EPA5 is small;

· Proposal 10: prefer 3% Tx EVM due to the noticeable performance loss with larger EVM;

· Proposal 11: for TM4 test, both PUSCH 1-2 and PUSCH 3-1 CSI feedback modes are proposed for consideration in order to obtain a good test point;

· Proposal 12: TM9 test setup needs to be changed, and the following options or combination of them are proposed for consideration:

· Option 1: set CFI = 1;

· Option 2: use high correlation channel and fix the PMI during the test;

· Option 3: consider the closed-loop TM9 test.
· Observation 1: if the new PMCH demodulation requirements were defined, the new channel model may need to be considered.
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