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1 Introduction
In RAN4 meeting #70bis, the work plan was approved [1] and the discussion on the demodulation performance requirements for small cell enhancement was triggered [2]. According to the work plan, for the demodulation performance part, RAN4 should discuss the following topics in this meeting:
· Demodulation part:
· Evaluate and agree on the impact of 256QAM on CSI core part based on the outcome of RAN1
· Discuss the framework and simulation assumptions for demodulation performance requirements;
· Discuss the framework and simulation assumptions for CSI requirements;
In [2] we proposed to verify the demodulation performance corresponding to the fundamental changes of UE implementation and/or the performance under the typical scenarios or use cases. In our opinion, the fundamental changes include soft-decision decoding with 256QAM new constellation, support of link adaptation with the new CQI/MCS/TBS tables, support of peak data rate for new UE categories with 256QAM, and the MIMO equalizer supporting 256QAM.
So in our view the main test purpose for 256QAM demodulation performance and CSI requirements are [2]:

· 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.

In Appendix, the main progresses on 256QAM after RAN1 meeting #76bis were summarized. Based on them, in this contribution, we will focus on the evaluation of the impact of 256QAM on CSI core part.
2 Discussion of impact on CSI requirements
2.1 CQI definition test
The new CQI/MCS/TBS tables will be defined, which are different from the existing ones. MCS/TBS tables will impact the design of reference channels for demodulation requirements, while CQI table will impact the CSI requirements. Compared to the existing CQI table, 3 entries will be removed and 3 new 256QAM entries will be added. Table 1 shows the existing CQI Table in TS36.213, and Table 2 shows one proposal for new CQI Table with support of 256QAM. Thus the thresholds for UE to select CQI will be changed. Correspondingly, RAN4 should specify the CSI requirements to guarantee that the new tables shall be supported, especially CQI table.

Not only the higher SNR test point but also the lower SNR test points should be set to verify the support of the new higher 256QAM CQI-s and the changed lower CQI-s.
Table 1: 4-bit CQI Table without support 256QAM in TS36.213
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 2: Proposed 4-bit CQI table for 256QAM
	CQI index
	CQI index in current table
	Modulation
	Code rate x 1024
	Efficiency

	0
	0
	out of range

	1
	1
	QPSK
	78
	0.1523

	2
	3
	QPSK
	193
	0.3770

	3
	5
	QPSK
	449
	0.8770

	4
	7
	16QAM
	378
	1.4766

	5
	8
	16QAM
	490
	1.9141

	6
	9
	16QAM
	616
	2.4063

	7
	10
	64QAM
	466
	2.7305

	8
	11
	64QAM
	567
	3.3223

	9
	12
	64QAM
	666
	3.9023

	10
	13
	64QAM
	772
	4.5234

	11
	14
	64QAM
	873
	5.1152

	12
	15
	256QAM
	711
	5.5547

	13
	New
	256QAM
	790
	6.1719

	14
	New
	256QAM
	869
	6.7891

	15
	New
	256QAM
	948
	7.4063


So we propose that
· Proposal 1: it is proposed to define multiple test points at both high SNR and low SNR for the CQI definition tests under AWGN, which will verify the CQI report with new 256QAM CQI and with the changed QPSK CQI.

There would be several issues which need further investigation.

Test methods:

It would be easy to set the high SNR test point since the required SNRs to support 256QAM are much higher than that to support 64QAM. Table 3 provides the SNR at 1% BLER for the new 256QAM CQI according to our simulation results.
Table 3: Proposed spectrum efficiency of 256QAM entries and the required SNRs 
	CQI index
	Modulation
	Code rate × 1024
	efficiency
	SNR(dB) at 10% BLER

	12
	256QAM
	711
	5.5547
	19.60

	13
	256QAM
	790
	6.1719
	21.25

	14
	256QAM
	869
	6.7891
	23.01

	15
	256QAM
	948
	7.4063
	25.25


But it needs more study how to set the low SNR test points to verify the support of the changed CQI table. In our view, one or two test points would be needed to ensure UE to comply with the whole structure of the new CQI index table. 
Test cases:

In the existing specifications, there are a number of test cases under the clause of CQI reporting definition under AWGN conditions:

· Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbols): CRS based TM single codeword
· Minimum requirement PUCCH 1-1 (Cell-Specific Reference Symbols): CRS based TM dual codeword
· Minimum requirement PUCCH 1-1 (CSI Reference Symbols): CSI-RS based dual codeword
· Minimum requirement PUCCH 1-1 (With Single CSI Process): CoMP TM10 dual codeword

Because the main test purpose is to verify the support of new CQI table, we propose to select the test cases with CRS based TM. The difference between CRS based test and CSI-RS based test is what kind of signals UE will use to estimate the signal and interference. And the SNR threshold for CQI calculation would be the same for both.
· Proposal 2: it is proposed to define CRS based PUCCH 1-0 and PUCCH 1-1 tests to verify the calculations of single codeword and dual codeword CQI-s according to the new CQI table.

2.2 CQI reporting test under fading conditions
The main purposes of fading CQI reporting test are to verify the interference measurement, no exaggerated averaging of effective SNR, the subband CQI measurement accuracy under frequency selective channel and the CQI measurement accuracy of tracking the time-domain fading channels. The test cases are as follows:
· Minimum requirement PUSCH 3-0 in frequency-selective scheduling mode (Cell-specific Reference symbols);
· Minimum requirement PUSCH 3-1 in frequency-selective scheduling mode (CSI Reference symbol);

· Minimum requirement PUCCH 1-0 in frequency non-selective scheduling mode (Cell-specific Reference symbols);

· Minimum requirement PUCCH 1-1 in frequency non-selective scheduling mode (CSI Reference Symbol);

· Minimum requirement PUSCH 3-0 with frequency-selective interference;
· Minimum requirement PUSCH 2-0 for UE-selected subband CQI;
· Minimum requirement PUCCH 2-0 for UE-selected subband CQI;

· Minimum requirement PUSCH 3-1 with multiple CSI processes.
For 256QAM, we do not need to redesign all the test cases under fading conditions similar to the above existing ones. Actually the most part of algorithms to calculate CQI, e.g., calculating wideband and subband effective SNR-s under time domain fading channel or frequency-selective channel and etc, are independent of the CQI tables, and can be verified by the existing CQI requirements. Only the method mapping the effective SNR-s to the wideband or subband CQI-s depends on whether the new CQI table or the old one is used. And mapping the effective SNR-s to wideband CQI could be verified by the CQI definition test.
So we propose to specify the minimum requirement PUSCH 3-0 in the frequency-selective scheduling mode to verify mapping the effective SNR to subband CQI by using the new 256QAM CQI table and corresponding link adaptive performance.
· Proposal 3: it is proposed to define the PUSCH 3-0 subband CQI reporting test case at high SNR test point under fading conditions to verify mapping the effective SNR to subband CQI by using the new CQI table.
2.3 PMI tests
In our view, the main change for introduction of 256QAM is to add the new CQI table, which is not directly related to PMI reporting. The PMI calculation mainly depends on the channel condition.
So we propose that

· Proposal 4: no new PMI tests are needed for 256QAM.
2.4 RI test
The RI tests in the existing specification are listed as follows:
· Minimum requirement based on Cell-specific reference symbols;
· Minimum requirement based on CSI-RS;
· Minimum requirement for eICIC;

· Minimum requirement for FeICIC;

· Minimum requirement with multiple CSI processes for CoMP.
In our view, the rank test serves as the variable reference channel test to verify the performance with the whole link adaptation. So we propose to define the RI test at high SNR for 256QAM like the existing Test-2 and Test-3.
· Proposal 5: it is proposed to define normal RI test (not including eICIC/FeICIC/CoMP) at high SNR for 256QAM like the existing Test-2 and Test-3, and reuse the same test metrics as the existing requirements in TS36.101 Rel-11/12.
3 Impact of 256QAM on CSI core part
According to RAN4 work splitting [7], the general frameworks of the CSI requirements are considered as the core part. According to the above analysis, we think that 

· For 256QAM CSI definition test under AWGN, the existing BLER test metric can be re-used;
· For 256QAM CSI fading channel test at high SNR, the existing test metrics including BLER, spread and relative throughput can be re-used;
· For 256QAM RI test, the existing test metric of relative throughput can be re-used.

Although RAN1 is still working on the details for 256QAM, it would be reasonable to propose that
· Proposal 6: for 256QAM CSI test, the existing test metrics can be re-used, namely there is no impact of 256QAM on CSI core part.
4 Conclusions
In this contribution, we trigger the discussion on the CSI reporting requirements and focus on the impact of the introduction of 256QAM on the CSI requirements.
We propose that:

· Proposal 1: it is proposed to define multiple test points at both high SNR and low SNR for the CQI definition tests under AWGN, which will verify the CQI report with new 256QAM CQI and with the changed QPSK CQI.

· Proposal 2: it is proposed to define CRS based PUCCH 1-0 and PUCCH 1-1 tests to verify the calculations of single codeword and dual codeword CQI-s according to the new CQI table.

· Proposal 3: it is proposed to define the PUSCH 3-0 subband CQI reporting test case at high SNR test point under fading conditions to verify mapping the effective SNR to subband CQI by using the new CQI table.

· Proposal 4: no new PMI tests are needed for 256QAM.

· Proposal 5: it is proposed to define normal RI test (not including eICIC/FeICIC/CoMP) at high SNR for 256QAM like the existing Test-2 and Test-3, and reuse the same test metrics as the existing requirements in TS36.101 Rel-11/12.
· Proposal 6: for 256QAM CSI test, the existing test metrics can be re-used, namely there is no impact of 256QAM on CSI core part.
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6 Appendix: updated RAN1 progresses after RAN1 meeting #76bis (RAN4 #70bis)
The good progresses were made in RAN1 on 256QAM, which are provided below.
For the 256QAM CQI/MCS/TBS table design, the agreements are summarized according to [3~6] that:

· CQI Table

· Switching point of 64QAM and 256QAM should be CQI 15 in the existing table

· The modulation order of existing CQI 15 is changed to 256QAM

· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Revisit if problems if significant issues are found

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 

· The last 4 entries will be for 256QAM, but the actual SE is FFS

· Order the CQI indices in the Rel-12 CQI table according to the spectral efficiencies
· CQI #0 to be equalled to out of range
· TBS table
· Define overhead assumption(s) (REs/PRB) for PDSCH 
· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency 
· Use 136 REs per PRB for the highest spectral efficiency 
· Limit the number of new TBS values as much as possible
· 256QAM is supported for up to 8-layer PDSCH transmissions
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
· MCS table

· 7 explicit MCS entries for 256QAM 

· As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions) 

· Revisit if significant issues are found
· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
For the 256QAM configuration, it was agreed in [3~6] that

· 256QAM PDSCH scheduling is only supported for C-RNTI based PDSCH transmissions 
· Use of 256QAM MCS/CQI table can be configured for each configured CC
· DCI format 1A and DCI format 1C are associated with the legacy MCS table, i.e., not supporting 256QAM PDSCH scheduling 

· For all other DCI formats scheduling PDSCH, 256QAM can be supported
· 256QAM is supported for all TMs
· FFS whether or not 256QAM is supported for PMCH transmissions
· In TM10, decide in RAN1#77 between the following alternatives: 

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent 

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets 

· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI states 

· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 

· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets 

· Adopt binary reflected Gray mapping for 256QAM shown as follows: 
· 
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