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Background
During RAN4#109 meeting, WF [1] on NR_MIMO_evo_DL_UL_demod was approved. In this contribution, we share our views about UE demodulation requirements for MIMO evolution.
Discussion
Codebook enhancement for UE predicated PMI
	Agreement:
· Define PMI reporting requirements with ‘typeII-Doppler-r18’ using option 2 if both option 1 and option 2 could be fulfilled. Otherwise, if only option 1 is fulfilled, further discuss if feasible to define PMI reporting requirement using option 1 only.
· Option 1: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and medium/high UE speed.
· Option 2: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and medium/high UE speed.
Agreement:
· Test metric defined as  as a starting point, where  is X % (e.g. X=90) of the maximum throughput obtained at  using the typeII-Doppler-r18 precoder configured according to the UE reports, and  is the throughput measured at  with random precoding based on Type I Single Panel codebook.



Here we provide the performance evaluation using Single Panel Type I, Rel-16 eType II and typeII-Doppler-r18 codebook as following Figure 2.1-1 and Table 2.1-1.
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Figure 2.1-1 Performance under different codebook and different Doppler
Table 2.1-1 Performance under different codebook and different Doppler
	Antenna
	γ (90%)

	
	eTypeII vs rnd
	eTypeII-Doppler vs rnd

	
	30Hz
	50Hz
	100Hz
	30Hz
	50Hz
	100Hz

	16x2
	1.78
	1.77
	1.71
	2.52
	2.42
	1.19

	16x4
	2.01
	1.98
	1.86
	2.69
	2.70
	2.69



We can see typeII-Doppler-r18 codebook has performance gain comparing to either Single Panel Type I or Rel-16 eType II. So we propose to define PMI reporting requirements for the new Rel-16-based doppler measurement type-II codebook. For the test metric, X = 90% can be reused as the same value as Rel-16 legacy cases considering that there is enough large performance gain at that point between typeII-Doppler-r18 codebook and Rel-16 eType II codebook. Based on our current evaluation results, we propose to select the Doppler as 50Hz and gamma as 1.5 for the new Rel-16-based doppler measurement type-II codebook. For the N4 value, we propose to select N4 = 4 for the new Rel-16-based doppler measurement type-II codebook since there is less overhead for CSI reporting comparing to N4 = 1.
Define PMI reporting requirements for the new Rel-16-based doppler measurement type-II codebook.
Select the test metric as X = 90% for the new Rel-16-based doppler measurement type-II codebook.
Select the Doppler as 50Hz and gamma as 1.5 for the new Rel-16-based doppler measurement type-II codebook.
Select N4 = 4 for the new Rel-16-based doppler measurement type-II codebook.
codebook enhancement for CJT
	Agreement:
· Focus on co-located scenario (zero time offset and zero frequency offset), introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only) if performance gain could be observed, with Test metric defined as , where  is Z % (e.g., Z=90) of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.



Here we provide the performance evaluation using Single Panel Type I, Rel-16 eType II and typeII-CJT-r18 codebook as following Figure 2.2-1 and Table 2.2-1.
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Figure 2.2-1 Performance under different codebook and different configuration
Table 2.2-1 Performance under different codebook and different configuration
	Antenna
	γ (90%)

	
	eTypeII vs rnd
	eTypeII-CJT vs rnd

	
	pv=0.25
	pv=0.5
	pv=0.25
	pv=0.5

	8x2
	3.62
	3.55
	5.36
	5.13

	8x4
	3.07
	3.03
	3.81
	3.68



We can see typeII-CJT-r18 codebook has performance gain comparing to either Single Panel Type I or Rel-16 eType II. So we propose to define PMI reporting requirements for the new Rel-16-based CJT type-II codebook. For the test metric, Z = 90% can be reused as the same value as Rel-16 legacy cases considering that there is enough large performance gain at that point between typeII-CJT-r18 codebook and Rel-16 eType II codebook. Based on our current evaluation results, gamma value 2.0 can be selected for the new Rel-16-based CJT type-II codebook. Considering that there is negligible performance difference between pv = 0.25 and 0.5, at the same time pv = 0.25 requires less overhead, we propose to select pv = 0.25 (paramCombination-CJT-r18 = 4 for paramCombination-CJT-L-r18 = 7) for the new Rel-16-based CJT type-II codebook. In addition, since codebook mode 2 is the basic feature, codebook mode 2 should be selected for the new Rel-16-based CJT type-II codebook.
Define PMI reporting requirements for the new Rel-16-based CJT type-II codebook.
Select the test metric as Z = 90% for the new Rel-16-based CJT type-II codebook.
Gamma value 2.0 can be selected for the new Rel-16-based CJT type-II codebook.
Select pv = 0.25 (paramCombination-CJT-r18 = 4 for paramCombination-CJT-L-r18 = 7) for the new Rel-16-based CJT type-II codebook.
Select codebook mode 2 for the new Rel-16-based CJT type-II codebook.
Increased number of orthogonal DMRS ports
	Way forward:
· Option 1: define one test for each Rank 1, 2, 3 and 4 with 4Rx
· Option 1A: Use Test 1-3 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 1B: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 2: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 2-1, 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 3: define one test for Rank 2 with 2Rx, one test for Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 4: define one test for each Rank 1, Rank 2 with 2Rx, one test for each Rank 3, Rank 4 with 4Rx
· For Rank 1 with 2Rx, Test 1-2 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 3 with 4Rx, Test 3-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· For Rank 4 with 4Rx, Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 5: define one test for FDD Rank 1 with 2Rx, one test for TDD Rank 2 with 2Rx
· For Rank 1 with 2Rx, Test 1-1 in Chapter 5.2.2.1.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.2.1
· Option 6: define one test for TDD rank 4 with 4Rx
· For rank 4 with 4 Rx, Test 4-1 in clause 5.2.3.2.1
· Other options are not precluded
Way forward:
· Option 1: define one test for each Rank 1, 2 with 2Rx
· Option 1A: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2 in Chapter 7.2.2.2.1
· Other options are not precluded
Way forward:
· Option 1: reuse legacy value
· Option 2: new value according simulation results
· Other options are not precluded



For the case selection, both 2Rx and 4Rx cases should be considered. Based on our preference, the cases can be further down-selected as Table 2.3-1, i.e. Test 1-1 in 5.2.2.1(2Rx)/5.2.3.1(4Rx) of TS 38.101-4 for FDD and Test 2-1 in 5.2.2.2(2Rx)/5.2.3.2(4Rx) of TS 38.101-4 for TDD.
Table 2.3-1 Down-selected cases
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Duplex
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	1
	10 / 15
	QPSK, 0.30
	FDD
	1
	TDLB100-400
	2x2, ULA Low
2x4, ULA Low
	70

	2
	40 / 30
	64QAM, 0.50
	TDD FR1.30-1
	2
	TDLA30-10
	2x2, ULA Low
2x4, ULA Low
	70



Define performance requirements for increased number of orthogonal DMRS ports for both 2Rx and 4Rx. The selected test cases can be as shown in Table 2.3-1, i.e. Test 1-1 in 5.2.2.1(2Rx)/5.2.3.1(4Rx) of TS 38.101-4 for FDD and Test 2-1 in 5.2.2.2(2Rx)/5.2.3.2(4Rx) of TS 38.101-4 for TDD.
The simulation results for legacy DMRS ports and the new DMRS ports as shown in Figure 2.3-1.
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Figure 2.3-1 Simulation results for legacy DMRS ports and the new DMRS ports
We can observe that there is negligible performance difference between the cases with legacy DMRS ports and the new DMRS ports. Therefore, we propose to reuse legacy SNR value for the increased number of orthogonal DMRS ports performance requirements.
There is negligible performance difference between the cases with legacy DMRS ports and the new DMRS ports.
Reuse legacy SNR value for increased number of orthogonal DMRS ports performance requirements.
Proposals
In this contribution, we discuss on UE demodulation requirements for MIMO evolution. Our observations and proposals are:
1. Define PMI reporting requirements for the new Rel-16-based doppler measurement type-II codebook.
Select the test metric as X = 90% for the new Rel-16-based doppler measurement type-II codebook.
Select the Doppler as 50Hz and gamma as 1.5 for the new Rel-16-based doppler measurement type-II codebook.
Select N4 = 4 for the new Rel-16-based doppler measurement type-II codebook.
Define PMI reporting requirements for the new Rel-16-based CJT type-II codebook.
Select the test metric as Z = 90% for the new Rel-16-based CJT type-II codebook.
Gamma value 2.0 can be selected for the new Rel-16-based CJT type-II codebook.
Select pv = 0.25 (paramCombination-CJT-r18 = 4 for paramCombination-CJT-L-r18 = 7) for the new Rel-16-based CJT type-II codebook.
Select codebook mode 2 for the new Rel-16-based CJT type-II codebook.
Define performance requirements for increased number of orthogonal DMRS ports for both 2Rx and 4Rx. The selected test cases can be as shown in Table 2.3-1, i.e. Test 1-1 in 5.2.2.1(2Rx)/5.2.3.1(4Rx) of TS 38.101-4 for FDD and Test 2-1 in 5.2.2.2(2Rx)/5.2.3.2(4Rx) of TS 38.101-4 for TDD.
1. There is negligible performance difference between the cases with legacy DMRS ports and the new DMRS ports.
[bookmark: _GoBack]Reuse legacy SNR value for increased number of orthogonal DMRS ports performance requirements.
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