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1 Introduction

In RAN4#72bis meeting the summary results for second around is collected and approved in [1] and the way forward is agreed in [2] with following agreements.

Single-cell demodulation test

· Agreements from RAN4#72bis (R4-145746):

· Use R-ML simulation results for impairment performance definition

· Alignment achieved for R-ML receiver

· Companies are encouraged to provide impairment results based on R-ML in RAN4#73

· FFS TM9/TM8 test setup down-selection
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1 8.2.1.3.1 FDD TM3 [2x2 Medium] [EVA 70] 16QAM

2 8.2.1.4.2 FDD TM4 [2x2 Medium] [ETU 70] 16QAM

3 (option 1) 8.3.1.2  FDD TM9 [2x2 Medium] [EPA 5] 16QAM

3 (option 2) 8.3.1.2 FDD TM9 [2x2 Medium] [ETU 5] 16QAM

4 8.2.2.3.1 TDD TM3 [2x2 Medium] [EVA 70] 16QAM

5 8.2.2.4.2 TDD TM4 [2x2 Medium] [ETU 70] 16QAM

6 (option 1)  8.3.2.2 TDD TM8 [2x2 Medium] [EPA 5] 16QAM

6 (option 2)  8.3.2.2 TDD TM8 [2x2 Medium] [ETU 5] 16QAM


In this contribution we further analysize the need of the test configuration with both original Rel-10 single cell scenario and Rel-11 multi-cell scenario with colliding CRS and all other channels muted. Also we discuss the alignment results for TDD TM8 baseline receiver.
2 TM9, TM8 tests with or without colliding CRS
Some companies have provided results and prefer to have Option 1 without colliding CRS because the gain of SU-MIMO receiver is slightly bigger in this case than Option 2 compared to the baseline MMSE receiver. But to have a slightly larger gain is not the purpose of the test. So firstly we need to clarify the purpose of introducing a multi-cell test configuration with the only interfering cell having colliding CRS but all other channels muted is to make sure proper noise and interference estimation is made from DMRS instead of polluted CRS. 
Observation 1: The purpose of Option 2 with colliding CRS is to prevent bad implementation on noise and interference estimation based on CRS instead of to achieve slightly better gain of SU-MIMO receivers.
Also one important aspect we have discovered is even with a Rel-11 TM9 with such colliding CRS scenario it is still possible for legacy UE from earlier release like from Rel-10 to pass such SU-MIMO receiver requirements without a proper DMRS estimation if we don’t define tests in the same as the Rel-11 TM9. Since SU-MIMO receiver will be taken as an optional feature from Rel-12 withou requiring any HL signaling or capability signaling it is possible for the legacy Rel-10 UE to declair such features even without DMRS implementation which is not a proper UE implementation to declair such features.

Observation 2: Without the colliding CRS test scenario for SU-MIMO it is possible for a legacy Rel-10 UE to pass SU-MIMO receiver requirements even without DMRS implemention which is not taken as proper UE implementation to declair this feature.
The detailed analysis and simulation results are listed in Appendix with the following observations.

Observation 3: Under single cell scenario the CRS based interference estimation can always pass the requirement set from the DMRS based noise estimation for both FDD and TDD setup.

Observation 4: Under multi-cell scenario with colliding CRS on a second blank cell the performance difference between DMRS based and CRS based interference estimation can be up to 2.5dB both FDD and TDD setup.

From the observarions we propose the following.

Proposal 1: The FDD TM9 and TDD TM8 tests for SU-MIMO WI should use a multi-cell scenario with colliding CRS on the interfering cell with other channels as blank in order to guarantee the DMRS based interference estimation.

Proposal 2: FDD TM9 8.3.1.2 reuse the Rel-11 multi-cell scenario with ETU5 medium.

Proposal 3: TDD TM8 8.3.2.2 use multi-cell scenario with either EPA5 or ETU5 medium. 
3 Discussion for TDD TM8 test with MMSE receiver under EPA5 medium

Test 6 is TDD TM8 test defined from [3] under Capter 8.3.2.2 with dual layers under EPA5 medium channel correlation with 2x2 antenna configuration with the SNR requirement as 21.7dB as shown from the following table copied from [3].

Table 8.3.2.2-2: Minimum performance for CDM-multiplexed DM RS (FRC)

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
QPSK 1/3
	R.31 TDD
	OP.1 TDD
	EVA5
	2x2 Low
	70
	4.5
	≥2

	2
	10 MHz
16QAM 1/2
	R.32 TDD
	OP.1 TDD
	EPA5
	2x2 Medium
	70
	21.7
	≥2


However from our latest alignment results collected in SU-MIMO WI we observe different behavior for the alignment results as shown in following Table 1 and 2. Table 1 copies from the results summary from [1] with the averaged SNR valued at 70% maximum TP together with the STD and Spread numbers. Table 2 summarizes all companies results with SNR value at 70% maximum TP.
Table 1 Result summary for TM8 Option 1 from [1]

	SNR @70% Max Tput
	Average
	STD
	Spread

	Test Case
	R-ML
	MMSE
	CWIC
	R-ML
	MMSE
	CWIC
	R-ML
	MMSE
	CWIC

	Test 6 - TDD TM8 Op1
	15,12
	16,92
	13,86
	0,39
	0,60
	0,65
	1,05
	1,52
	1,22


Table 2 Result summary for TM8 Option 1 from [1] with individual company
	SNR @70% Max Tput
	Huawei (R4-144300)
	LG (R4-144536/R4-145802)
	NVIDIA (R4-146113)
	CMCC (R4-144448)
	Intel (R4-145245)
	Qualcomm (R4-145169)
	CATT (R4-144259)

	Test Case
	MMSE
	MMSE
	MMSE
	MMSE
	MMSE
	MMSE
	MMSE

	Test 6 - TDD TM8 Op1
	16,13
	17,54
	17,10
	16,41
	17,56
	16,40
	17,18


Furthermore we tracked back the original alignment results collected in 2010 from [4] in following Table 3 where the 2nd test for Dual layer is the TM8 TDD test with EPA5 medium correlation.
Table 3 Alignment results collected in 2010 from [4] for TM8 TDD test

	
	Test
	CATT
	CMCC
	Ericsson
	Huawei
	Samsung
	Motorola
	ZTE
	Nokia
	Qualcomm
	CATR
	TD Tech
	NEC
	ave
	spread

	Single
layer
	1,1
	-3,0
	-2,1
	-2,9
	-3,0
	-2,8
	-2,5
	-3,0
	-2,5
	-2,5
	-2,8
	-3,0
	-2,5
	-2,7
	0,9

	
	1,2
	5,3
	5,3
	5,1
	6,0
	5,8
	6,0
	5,9
	5,4
	6,1
	6,8
	5,8
	6,5
	5,8
	1,7

	
	1,3
	15,3
	13,6
	14,6
	15,7
	15,0
	16,2
	14,9
	15,5
	16,0
	14,7
	15,2
	15,3
	15,2
	2,6

	
	2,1
	20,0
	20,2
	19,1
	19,9
	20,1
	18,9
	19,0
	19,6
	19,9
	19,1
	19,3
	
	19,6
	1,3

	
	2,2
	19,6
	18,2
	19,0
	18,9
	19,9
	19,7
	18,7
	19,7
	19,4
	18,7
	
	
	19,2
	1,7

	Dual
layer
	3,1
	2,2
	2,4
	2,4
	2,6
	2,6
	2,8
	1,9
	2,9
	2,1
	1,7
	1,6
	2,9
	2,3
	1,3

	
	3,2
	20,4
	18,9
	19,3
	19,6
	20,1
	19,1
	18,1
	19,7
	17,6
	18,4
	17,7
	17,3
	18,9
	2,9


So it can be seen with same company the MMSE receiver results have been improved from 1.2dB to 3.5dB over the passed 4 years. And in average the summarized averaged results at 70% maximum TP is improved by 2dB from 18.9dB to 16.92dB. From 2010 to 2014 with 4 years development in the chipset industry it has been seen there are chipsets in the market with better chipset solution with bigger memory size, faster processing speed, better power assumption solution, more competitive RF solution, etc. With the discovered alignment results it is a proof that the UE performance can be improved dramatically even with same receiver type under same test scenario.
Observation 5: With same company the MMSE receiver results have been improved from 1.2dB to 3.5dB over the passed 4 years. And in average the summarized averaged results at 70% maximum TP is improved by 2dB from 18.9dB to 16.92dB.
Observation 6: With the discovered alignment results it is a proof that the UE performance can be improved dramatically even with same receiver type under same test scenario.
With the above 2 observations considering the fact the latest alignment results for MMSE receiver for TM8 TDD test has 70% maximum TP at SNR=16.92dB while the requirement set in the spec is SNR=21.7dB. This results in about 5dB impairment and implementation margin, which is too big. Therefore we propose to revisit the existing requirement for MMSE receiver with a tougher requirement. To make it happen we can recollect the impairment results to set a new SNR requirement.

To have a new MMSE requirement will also help the SU-MIMO WI to have a better overview of the SU-MIMO receiver gain. Otherwise based on a too optimistic baseline receiver the gain can be misleading for future evaluations.

Observation 7: Evalutation of SU-MIMO receivers based on a too optimistic baseline receiver requirement could be misleading with too optismic gain which is bad for future evaluation.

Proposal 4: Revisit the existing requirement for MMSE receiver for TM8 TDD dual layer test with recollection of impairment results in order to set up a new SNR requirement to tighten the UE performance requirement according to new alignment results.
4 Conclusions

In this contribution we provide detailed simulation results for SU-MIMO FDD TM9 and TDD TM8 tests together with observations and proposals summarized below.

TM9, TM8 tests with or without colliding CRS 

Observation 1: The purpose of Option 2 with colliding CRS is to prevent bad implementation on noise and interference estimation based on CRS instead of to achieve slightly better gain of SU-MIMO receivers.
Observation 2: Without the colliding CRS test scenario for SU-MIMO it is possible for a legacy Rel-10 UE to pass SU-MIMO receiver requirements even without DMRS implemention which is not taken as proper UE implementation to declair this feature.

Observation 3: Under single cell scenario the CRS based interference estimation can always pass the requirement set from the DMRS based noise estimation for both FDD and TDD setup.

Observation 4: Under multi-cell scenario with colliding CRS on a second blank cell the performance difference between DMRS based and CRS based interference estimation can be up to 2.5dB both FDD and TDD setup.

Proposal 1: The FDD TM9 and TDD TM8 tests for SU-MIMO WI should use a multi-cell scenario with colliding CRS on the interfering cell with other channels as blank in order to guarantee the DMRS based interference estimation.

Proposal 2: FDD TM9 8.3.1.2 reuse the Rel-11 multi-cell scenario with ETU5 medium.

Proposal 3: TDD TM8 8.3.2.2 use multi-cell scenario with either EPA5 or ETU5 medium. 
TM8 TDD test with MMSE receiver under EPA medium correlation
Observation 5: With same company the MMSE receiver results have been improved from 1.2dB to 3.5dB over the passed 4 years. And in average the summarized averaged results at 70% maximum TP is improved by 2dB from 18.9dB to 16.92dB.
Observation 6: With the discovered alignment results it is a proof that the UE performance can be improved dramatically even with same receiver type under same test scenario.
Observation 7: Evalutation of SU-MIMO receivers based on a too optimistic baseline receiver requirement could be misleading with too optismic gain which is bad for future evaluation.

Proposal 4: Revisit the existing requirement for MMSE receiver for TM8 TDD dual layer test with recollection of impairment results in order to set up a new SNR requirement to tighten the UE performance requirement according to new alignment results.
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6 Appendix

The test 8.3.1.2 FDD TM9 defined in [3] is a single cell scenario under EPA5 in Rel-10 and then the test is extended with a second interfering cell with colliding CRS and all the other channels muted in Rel-11. The intention of the Rel-11 is to verifying the interference estimation, for demodulation purpose, in order to make sure DMRS is used instead of CRS.

For SU-MIMO work item it was agreed to reuse the same test configuration on 8.3.1.2 TM9 for FDD and 8.3.2.2 TM8 for TDD with medium correlation on the antenna configuration to check the gain of SU-MIMO receiver over MMSE receiver. Still it is to be decided which release to be used for such DMRS-based tests for the 2 options. We have further simulated a 3rd option with EPA5 for the multi-cell scenario and 4th option with ETU for single cell scenario as comparison.

The 4 options are highlighted as below.

1. Option 1: Single cell with EPA5 medium

2. Option 2: Multi-cell with a second interfering cell with colliding CRS and blank on all the other channels with ETU5 medium

3. Option 3: Multi-cell with a second interfering cell with colliding CRS and blank on all the other channels with EPA5 medium

4. Option 4: Single cell with ETU medium

The following results are run with the interference estimation based on either CRS or DMRS for each option listed above for a better view in comparison. 

Figure 1~4 show the TP results for FDD TM9 tests with Option 1, 4, 2, 3 respectively. Figure 5~8 show the TP results for TDD TM8 tests with Option 1, 4, 2, 3 respectively.

It can be seen for the single cell scenario with EPA5, Figure 1 and 5 for FDD and TDD respectively, there is no obvious difference observed between CRS and DMRS based interference estimation. This is due to the flat channel of EPA5. On the other hand when the channel is ETU5, Figure 2 and 6 for FDD and TDD respectively, both duplex modes show the same behavior between DMRS and CRS based estimation. For both figures it is observed that there is more than 0.5dB difference between the CRS and DMRS based interference estimation, and that the CRS based estimation has better performance due to more pilots. 

The results with multi-cell are quite consistent for all tests, Figure 3, 4 and Figure 7, 8, that is with colliding CRS the CRS based interference estimation show worse performance than DMRS based estimation. In Figure 4 and 8, FDD and TDD respectively, the difference between DMRS based and CRS based interference estimation can be up to 2.5 dB for a CWIC receiver, hence it’s essential to define the tests under multi-cell scenarios. If the test is defined without multi-cell interference a poor SU-MIMO implemention might pass the requirements due to its performance is boosted by a wrongly used CRS based interference estimation instead of correct DMRS based.
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Figure 1 FDD TM9 test with Option 1 as 1 cell EPA5 medium
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Figure 2 FDD TM9 test with Option 4 as 1 cell ETU5 medium
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Figure 3 FDD TM9 test with Option 2 as 2 cells ETU5 medium
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Figure 4 FDD TM9 test with Option 3 as 2 cells EPA5 medium
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Figure 5 TDD TM8 test with Option 1 as 1 cell EPA5 medium
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Figure 6 TM8 test with Option 4 as 1 cell ETU5 medium
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Figure 7 TDD TM8 test with Option 2 as 2 cells ETU5 medium
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Figure 8 TDD TM8 test with Option 3 as 2 cells EPA5 medium
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