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1 Introduction
In RAN4 meeting #72, the demodulation performance and CSI reporting requirements were discussed [1~3] and the way forward on CSI requirements were agreed [4]. According to the work plan [5], RAN4 should agree on the framework and simulation assumptions for demodulation performance requirements, and agree on the framework and simulation assumptions for CSI requirements in this meeting. 
So we would like to solve the remaining issues and come up with the agreeable framework with the detailed simulation assumptions. In this paper, we focus on the demodulation performance requirements.
2 Summary of agreements and open issues
Table 1 summarizes the agreements for SCE demodulation performance and CSI requirements, and Table 2 summarizes the open issues based on the online and offline discussions in the previous RAN4 meetings. 

The progresses on 256QAM including the new 256QAM CQI/MCS/TBS tables, Gray mapping, the configuration and utilization principles of 256QAM, the UE capability, and the support of PMCH are provided in [6]. The working assumption on the new TBS table design is given in [7].
Table 1: Agreements for SCE demodulation performance and CSI requirements
	Requirements
	Agreements

	Demodulation
	Control channel
	No new PDCCH/PCFICH, EPDCCH, PHICH and PBCH tests

	CSI
	Core: test metric
	No impact of 256QAM on CSI core part: reusing all existing test metrics

	
	CQI test
	New CQI definition test under AWGN to verify new CQI tables with multiple SNRs, namely, to define CRS based PUCCH 1-0 (single codeword) and PUCCH 1-1 (dual codeword) definition tests

	
	PMI test
	No PMI test


Table 2: Open issues for SCE demodulation performance and CSI requirements
	Requirements
	Open issues

	Demodulation
	Bandwidths
	What bandwidths should be set for the tests?

Option 1: 10MHz for all the test cases;

Option 2: 10MHz and 5MHz for all test cases, where 5MHz tests are for Band 31

	
	Transmission modes
	What transmission modes should be considered for tests?
Option 1: TM1, TM3, TM4 1-layer, TM9 1-layer, TM8 1-layer (TDD only);

Option 2: TM2, TM3, TM4 1-layer, TM9 1-layer, TM8 1-layer (TDD only);

Comment 1: TM2 test is more suitable than TM1 test;

Comment 2: down-select between TM8 and TM9;

Comment 3: only need a couple of test cases.

	
	Correlation matrix
	What kind of antenna correlation should be configured for the tests?
Proposal: 2×2 Low or 2×2 high for TM9; 2×2 Low or Medium for TM8

Comment: Antenna correlation for TM8/9 should be discussed

	CSI
	PUSCH 3-0 subband CQI test
	Is the PUSCH 3-0 subband CQI test needed?
Proposal: subband CQI test at high SNR to verify CQI mapping to subband CQI in order to have both periodic and aperiodic CQI tests.

Comment: No fading CQI test is needed.

	
	RI test
	Is the RI test needed?
Proposal: define normal RI test at high SNR

Comment: No need.

	
	CSI-RS based CSI test
	Are the CSI-RS based CSI tests needed?
Proposal: have CSI-RS based CSI test

	Tx EVM
	Tx EVM
	What Tx EVM should be used for the tests?
It is agreed that Tx EVM is 3~4% band agnostic

Comment: Tx EVM needs further investigation

	Applicability
	UE category
	To what UE category will the requirements be applied?


3 Framework and simulation assumptions
3.1 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.

3.2 Discussion on test cases and parameters
3.2.1 Configured bandwidths
In [2] we proposed to define the demodulation performance requirements with both 10MHz and 5MHz bandwidths. The reason behind is to cover the Band 31 where only 5MHz is supported. But companies questioned the necessity to the 5MHz test cases. Considering that firstly the Tx-Rx frequency separation for Band 31 is relatively small thus the leakage from uplink transmission is large and secondly the centre frequency of Band 31 is 450MHz which would be mostly used to provide the good coverage instead of boosting the peak data rate, we are flexible on 5MHz test cases.
So we propose that

· Proposal 1: The configured bandwidth is proposed to be 10MHz for the 256QAM demodulation performance requirements.
3.2.2 Transmission modes
Firstly, in our view, both CRS based transmission modes and DMRS based transmission modes should be taken into account. 
One question is on TM1 test case. The reasons to propose TM1 tests are that firstly there are TM1 requirements for 64QAM since Rel-8 and in the future some low-cost small cell may use 1-Tx. One possible benefit would be that we can compare the 64QAM performance with 256QAM under the same conditions. But the online comment was that the more preferable transmission mode is TM2 than TM1. Since Rel-10/11, the transmission modes of TM2, TM3 are more widely used as the baseline. Following this trend, it seems reasonable to utilize TM2 instead of TM1.
The other question is whether we should further down-select test cases between TM8 and TM9. In 36.101 C.4.0 there are TM9 single-layer with and without interference tests, TM9 dual-layer test, TM9 MMSE-IRC test with 4×2 antenna configuration, and TM9 FeICIC test. The MIMO equalizer for dual-layer will be verified in TM4 test. And considering that the random pre-coding scheme is used for DMRS test which will lead to high SNR, we propose only to take TM8/9 1-layer test into account.
So it is proposed that

· Proposal 2: Define the TM2, TM3, TM4 dual-layer, TM8 (TDD only) 1-layer and TM9 1-layer tests with 256QAM under the fading channel.
3.2.3 Correlation matrix

For TM2, TM3 and TM4 dual-layer tests, the low correlation matrix is proposed. For TM8 tests the low and medium correlations are used. For TM9 tests, the low correlation matrices are used. To simplify the test setup, the low correlation would be OK for all the test cases.
So it is proposed to

· Proposal 3: Use low correlation matrices for all the 256QAM demodulation test cases.
3.2.4 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: the smaller value of Tx EVM than BS requirement should be used for 256QAM requirements, e.g., 3%.
3.2.5 Applicability – UE category and sustained data rate test
According to RAN1 discussion, the new UE category supporting 256QAM with 5 CC-s and 8 layers is introduced. But which legacy UE categories should support the 256QAM was still under discussion. It seemed acceptable to support 256QAM from UE category 4. 
So for each new 256QAM performance requirement, which UE categories could be applied should be indicated according to the RAN1 final decision. For the new introduced UE categories supporting 256QAM, the new sustained data rate tests should be introduced, where CA+256QAM should be tested under AWGN.
Besides, it was proposed to increase the maximum transmitted TBS within one TTI for the legacy UE categories in order to support 256QAM. This proposal would have a big impact on the existing sustained data rate tests. Since it was agreed to introduce signalling to indicate UE support for 256QAM, the existing sustained data rate test where UE utilize 64QAM to reach peak data rate should be kept for the UE not supporting 256QAM.
· Proposal 5: The applicability with respect to UE categories should be specified for the new 256QAM demodulation and CSI requirements.
· Proposal 6: The new sustained data rate tests should be defined for the new (or updated) UE categories supporting 256QAM, and the existing sustained data rate tests should be retained.
3.2.6 Reference channel
In [2] we propose [4/5] 256QAM for the MCS to be aligned with the MCS used for RF maximum input level test. In the last RAN1 meeting, the TBS table for one codeword to one layer mapping was finalized except for the largest TBS to achieve the peak data rate. In [7] the working assumption on 256QAM TBS table is captured. In Table 3, we copied the TB size for 50PRB (one codeword to one layer mapping) which corresponds to 10MHz bandwidth that we proposed for 256QAM test.
Take the existing 10MHz TM3 test case for an example. The number of available RE-s across 50PRB with 2 CRS ports and 2 PCFICH/PDCCH symbols in subframes except for subframe #0 and #5 is 6600. Thus the number of available channel bits is 52800. In Table 3, we also calculate the coding rates for each ITBS.
Since the ITBS with 0.8 coding rate corresponds to the second largest TBS, the required SNR by using this MCS would be very high, which may not be suitable for demodulation test under fading channel considering the impairment margin. So we would like to consider the alternative MCS. One choice would be ITBS #30, which is with the medium value of coding rate.
So we propose that:

· Proposal 7: Select ITBS #30 for the reference channel of 256QAM demodulation tests.
Table 3: Proposed 256QAM demodulation performance requirements (FDD)

	PRB\I_TBS
	27
	28
	29
	30
	31
	32
	33

	50 PRB
	32856
	35160
	36696
	39232
	40576
	42368
	48936

	Coding rate
	0.6223
	0.6659
	0.6950
	0.7430
	0.7685
	0.8024
	0.9268


3.2.7 Others
256QAM PMCH test

Whether the UE should support 256QAM for PMCH is under discussion in RAN1. RAN4 should wait for RAN1 conclusion to decide whether the new requirements are needed or not. 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 8: 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 9: {0,0,1,2} is proposed to be used as redundancy version coding sequence for 256QAM demodulation test cases.

3.3 Proposed Framework and simulation assumptions 
Table 4 provides the simulation parameters. And Table 5 and Table 6 provide the test cases for FDD and TDD respectively.
Table 4: Proposed simulation parameters for 256QAM demodulation test cases (FDD)
	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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	PDSCH transmission modes
	
	Defined per test case

	Uplink downlink configuration (TDD)
	
	1

	Special subframe configuration
	
	4

	Tx EVM
	
	[3]%

	For TM2, 3, 4

	Downlink power allocation 

(PB =1)
	
[image: image2.wmf]A

r


	dB
	-3

	
	
[image: image3.wmf]B

r


	dB
	-3

	
	(
	dB
	0

	For TM8, TM9

	Downlink power allocation 

(PB =1)
	
[image: image4.wmf]A

r


	dB
	0

	
	
[image: image5.wmf]B

r


	dB
	0

	
	(
	dB
	-3

	Beamforming model
	
	Annex B.4.1 TS36.101

	CRS port
	
	Antenna ports 0,1

	Non-zero-power/Zero power CSI-RS configurations TM9
	
	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

	FFS for sustained data rate test


Table 5: Proposed 256QAM demodulation test cases (FDD)

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

	1
	TM2
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	2
	TM3
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	3
	TM4 dual-layer
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	4
	TM9 1-layer w/o interference
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	5
	Sustained data rate tests (for UE categories supporting 256QAM)
	TBD (256QAM)
	No external noise (AWGN)
	2×2 Low
	FFS
	TBD


Table 6: Proposed 256QAM demodulation test cases (TDD)
	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM2
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	2
	TM3
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	3
	TM4 dual-layer
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	4
	TM8 1-layer
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	5
	TM9 1-layer w/o interference
	256QAM ITBS #30
	EPA5
	2×2 Low
	10MHz
	TBD

	6
	Sustained data rate tests (for UE categories supporting 256QAM)
	TBD (256QAM)
	No external noise (AWGN)
	2×2 Low
	FFS
	TBD


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: The configured bandwidth is proposed to be 10MHz for the 256QAM demodulation performance requirements.

· Proposal 2: Define the TM2, TM3, TM4 dual-layer, TM8 (TDD only) 1-layer and TM9 1-layer tests with 256QAM under the fading channel.
· Proposal 3: Use low correlation matrices for all the 256QAM demodulation test cases.

· Proposal 4: the smaller value of Tx EVM than BS requirement should be used for 256QAM requirements, e.g., 3%.

· Proposal 5: The applicability with respect to UE categories should be specified for the new 256QAM demodulation and CSI requirements.

· Proposal 6: The new sustained data rate tests should be defined for the new (or updated) UE categories supporting 256QAM, and the existing sustained data rate tests should be retained.

· Proposal 7: Select ITBS #30 for the reference channel of 256QAM demodulation tests.

· Proposal 8: 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 9: {0,0,1,2} is proposed to be used as redundancy version coding sequence for 256QAM demodulation test cases.

· Observation 1: if the new PMCH demodulation requirements were defined, the new channel model may need to be considered.

And the proposed simulation assumptions and test cases are summarized in Table 4~ Table 6.
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