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1 Introduction
In RAN#103, the status report of RAN1 led Rel-18 WI of NR MIMO evolution for downlink and uplink lists the current progress [1]. The latest WF of WI of NR MIMO evolution for downlink and uplink lists several open items with initial proposals [2]. This discussion document is showing simulation results for PMI prediction codebook, CJT codebook and DMRS enhancements.

2 Simulation parameters and results
[bookmark: _Hlk95316233]In this chapter we are going to show simulation results of PMI prediction codebook in Chapter 2.1, simulation results of CJT codebook in Chapter 2.2 and simulation results of DMRS enhancements in Chapter 2.3.
2.1 Rel-16/17 Type-II codebook refinement
2.1.1 Simulation parameters
In this chapter simulation configuration of PMI prediction tests are shown in Table 1. The configuration follows initial proposals given in WF [2]. We have simulated different parameter configurations to evaluate PMI prediction performance.

	Channel
	TDLA30-20, TDLA30-30 and TDLA30-40

	Antenna correlation
	XP medium

	CSI-RS antenna ports
	16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4)

	Aperiodic CSI-RS period
	2 slots

	CQI/RI/PMI delay
	FDD: 8ms, TDD proposal 2a: 9ms, TDD proposal 3a: 6ms

	paramCombination-Doppler-r18
	7 (L=4, pυ=1/2, β=1/2)

	Rank
	2

	MCS
	13

	K, N4, Q, m, d
	K=4, N4=1, Q=1, m=d=2 (Rel-18 with prediction only)
K=4, N4=4, Q=2, m=d=2 (Rel-18 with prediction and report compression)
K=1, N4=1, Q=1, m=d=8 (Rel-16 reference)
Type-I CB with random WB-i1 and SB-i2 (Random PMI reference)

	Prediction delay
	Prediction delay applied to Rel-18 N4={1, 4} simulations to match delta parameter
FDD delta=1, TDD delta=2

	Beam steering
	Dual cluster


Note1: No PDSCH allocation in CSI-RS slots to keep constant PDSCH code rate
Note2: K is prediction filter length
Table 1: Simulation configuration of PMI prediction.




Timing figures of FDD and TDD simulations are shown in Figures 1 – 3.
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Figure 1: FDD timing Option 1.
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Figure 2: MTK TDD timing Proposal 2a.
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Figure 3: MTK TDD timing Proposal 3a.









2.1.2 Simulation results
In this chapter the simulation results of different parameter combinations are shown in Figures 4 to 9. Corresponding gamma values are collected in Table 2. Left FDD figure configurations are K=4, N4=1, Q=1, m=d=2 (Rel-18 with prediction only). Right FDD figure configurations are K=4, N4=4, Q=2, m=d=2 (Rel-18 with prediction and report compression). All results use FDD timing Option 1 (Figure 1). 
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Figure 4: Simulation results of PMI prediction in FDD using N4={1, 4} in TDLA30-20.
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Figure 5: Simulation results of PMI prediction in FDD using N4={1, 4} in TDLA30-30.
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Figure 6: Simulation results of PMI prediction in FDD using N4={1, 4} in TDLA30-40.
Common configurations in all TDD figures are K=4, N4=4, Q=2, m=d=2 (Rel-18 with prediction and report compression). Left figures are for MTK timing Proposal 2a (Figure 2) and Right figures are for MTK timing Proposal 3a (Figure 3).
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Figure 7: Simulation results of PMI prediction in TDD timing proposal 2a and 3a, using N4=4 in TDLA30-20.
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Figure 8: Simulation results of PMI prediction in TDD timing proposal 2a and 3a, using N4=4 in TDLA30-30.
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Figure 9: Simulation results of PMI prediction in TDD timing proposal 2a and 3a, using N4=4 in TDLA30-40.



	Test
	Rel-18
	Rel-16

	FDD, N4=1, TDLA-30ns-20Hz
	3.6
	2.7

	FDD, N4=4, TDLA-30ns-20Hz
	3.1
	2.7

	FDD, N4=1, TDLA-30ns-30Hz
	2.7
	2.3

	FDD, N4=4, TDLA-30ns-30Hz
	2.5
	2.3

	FDD, N4=1, TDLA-30ns-40Hz
	2.4
	2.4

	FDD, N4=4, TDLA-30ns-40Hz
	2.3
	2.4

	TDD proposal 2a, N4=4, TDLA-30ns-20Hz
	3.2
	2.9

	TDD proposal 3a, N4=4, TDLA-30ns-20Hz
	4.0
	3.7

	TDD proposal 2a, N4=4, TDLA-30ns-30Hz
	2.7
	2.5

	TDD proposal 3a, N4=4, TDLA-30ns-30Hz
	3.1
	2.8

	TDD proposal 2a, N4=4, TDLA-30ns-40Hz
	2.4
	2.5

	TDD proposal 3a, N4=4, TDLA-30ns-40Hz
	2.7
	2.5


Table 2: Simulation results (gamma values) of PMI prediction with MCS13 Rank 2.

2.1.3 Simulation analysis
We have simulated the following configurations for performance comparison purpose
· Rel-18 with prediction only: K=4, N4=1, Q=1, m=d=2 (only for FDD)
· Rel-18 with prediction and report compression: K=4, N4=4, Q=2, m=d=2
· For TDD with 2 different timing options (MTK proposal 2a and MTK proposal 3a)
· Rel-16 reference: K=1, N4=1, Q=1, m=d=8
· Random PMI reference: Type-I CB with random WB-i1 and SB-i2
Rel-18 solution are simulated with prediction timing assumptions matching configured delta parameter timing. Our expectation of feasible test is where Rel-18 solution can outperform Rel-16 and random PMI references with reasonable margin and justify usage of new feature in such scenario.
We can do several observations from FDD simulations.
Observation #1: We do not see gains over Rel-16 reference in FDD in TDLA30-40 channel.
Observation #2: We see significant gains over Rel-16 reference in FDD in TDLA30-20 when N4=1.
Observation #3: We see reasonable gains over Rel-16 reference in FDD in TDLA30-30 when N4=1.
Observation #4: We see reasonable gains over Rel-16 reference in FDD in TDLA30-20 when N4=4.
Observation #5: We see minor gains over Rel-16 reference in FDD in TDLA30-30 when N4=4.
Observation #6: We see feasible gamma values in FDD in TDLA30-20 when with both N4=1 and N4=4.
We can do several observations from TDD simulations.
Observation #7: We do not see gains over Rel-16 reference in TDD MTK proposal 2a in TDLA30-40 channel.
Observation #8: We see some gain over Rel-16 reference in TDD MTK proposal 3a in TDLA30-40 channel.
Observation #9: We see reasonable gains over Rel-16 reference in TDD in TDLA30-20 and TDLA30-30 channels in both TDD MTK timing proposals.
Observation #10: We see feasible gamma values in TDD in TDLA30-20 and TDLA30-30 channels in both TDD MTK timing proposals.

2.2 Enhancements of CSI acquisition for CJT targeting FR1 and up to 4 TRPs
2.2.1 Simulation parameters
In this chapter simulation configuration of CJT tests are shown in Table 3. The configuration follows initial proposals given in WF [2].
	NTRP (Number of TRPs)
	2

	Channel
	TDLA30-10

	Antenna correlation
	XP high

	K (numberOfCSI-RS-Resources)
	2

	CSI-RS periodicity
	5 slots (No PDSCH allocation in CSI-RS slots)

	CSI-RS antenna ports
	8 with (N1, N2) = (4, 1), (O1, O2) = (4, 1)

	codebookMode
	Mode2

	paramCombination-CJT-L-r18
	7 ({4, 4})

	paramCombination-CJT-r18
	4 (pυ=1/4 and 1/8, β=1/2)

	typeII-CJT-RI‑Restriction-r18
	0001 and 0010 (Rank1 and Rank2)

	MCS
	13 and 20

	Beam steering
	Dual cluster


Table 3: Simulation configuration of CJT

2.2.2 Simulation results
In this chapter the simulation results of agreed CJT parameters and random PMI are shown in Figures 10 to 13. Corresponding gamma values and SNRs are collected in Tables 4 - 5.
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Figure 10: Simulation results of 4Rx CJT with MCS13 and MCS20 Rank1 in TDLA30-10 XP high.
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Figure 11: Simulation results of 4Rx CJT with MCS13 and MCS20 Rank2 in TDLA30-10 XP high.
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Figure 12: Simulation results of 2Rx CJT with MCS13 and MCS20 Rank1 in TDLA30-10 XP high.
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Figure 13: Simulation results of 2Rx CJT with MCS13 and MCS20 Rank2 in TDLA30-10 XP high.




	
	Gamma and SNR values of TDLA-30-10, 4Rx, (N1,N2)=(4,1), (O1,O2)=(4,1) simulations

	
	Rank-1 MCS13
	Rank-1 MCS20
	Rank-2 MCS13
	Rank-2 MCS20

	
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4

	γ
	5.67
	3.80
	6.58
	4.67

	SNR
	-4.2 dB
	0.4 dB
	-0.1 dB
	5.7 dB


Table 4: Gamma and SNR values of CJT 4Rx tests for different configurations.
	
	Gamma and SNR values of TDLA-30-10, 2Rx, (N1,N2)=(4,1) , (O1,O2)=(4,1) simulations

	
	Rank-1 MCS13
	Rank-1 MCS20
	Rank-2 MCS13
	Rank-2 MCS20

	
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4
	eType-2
CJT
{4,4}
4

	γ
	7.71
	4.88
	8.39
	5.95

	SNR
	-1.7 dB
	2.1 dB
	2.3 dB
	8.1 dB


Table 5: Gamma and SNR values of CJT 2Rx tests for different configurations.

2.2.3 Simulation analysis
We have simulated with agreed CJT parameters and random PMI. We can do several observations from these results.
Observation #11: We see higher gamma values on MCS13 compared to MCS20.
Observation #12: We see higher gamma values on Rank2 compared to Rank1.
Observation #13: We see test point SNR close or below 0dB in other than Rank2 MCS20 in 4Rx.
Observation #14: We see test point SNR clearly below 0dB in Rank1 MCS13.

2.3 Larger number of orthogonal DMRS ports for downlink MU-MIMO
2.3.1 Simulation parameters
Simulation parameters follow configuration of existing demodulation tests defined in TS38.101-4 [3] except Rel-18 enhanced DMRS type is configured to use antenna ports {1008, 1009} for Rank 2 test and antenna ports {1000, 1001, 1008, 1009} for Rank 4 test.

2.3.2 Simulation results
In this chapter the demodulation performance of legacy and enhanced DMRS performance is compared agreed demodulation tests. Simulation results are shown in Figures 14 and 15. Simulation results are collected in Table 6.
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Figure 14: Simulation results of 2Rx Rank2 PDSCH requirements for DMRS enhancement.
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Figure 15: Simulation results of 4Rx Rank4 PDSCH requirements for DMRS enhancement.

	Test
	Rel-18 DMRS
	Rel-15 DMRS

	5.2.2.1.1, FDD, 2Rx, Rank2, Test 2-1
	15.8
	15.8

	5.2.2.2.1, TDD, 2Rx, Rank2, Test 2-1
	17.0
	17.0

	5.2.3.1.1, FDD, 4Rx, Rank4, Test 4-1
	12.8
	12.5

	5.2.3.2.1, TDD, 4Rx, Rank4, Test 4-1
	13.2
	13.0


Table 6: Simulation results of PDSCH requirements for DMRS enhancement
2.3.3 Simulation analysis
We have compared legacy and enhanced DMRS performance in agreed demodulation tests to understand if we can expect similar performance or not. From simulation results we can do following general observation.
Observation #15: In our simulations we see maximum performance losses less than 0.3dB. Therefore, we see that reusing old values with possible additional margin is sufficient.



3 Conclusion
In this paper we provided the view on the MIMO evolution for downlink. The following observations are made:
Observations of predicted PMI
Observation #1: We do not see gains over Rel-16 reference in FDD in TDLA30-40 channel.
Observation #2: We see significant gains over Rel-16 reference in FDD in TDLA30-20 when N4=1.
Observation #3: We see reasonable gains over Rel-16 reference in FDD in TDLA30-30 when N4=1.
Observation #4: We see reasonable gains over Rel-16 reference in FDD in TDLA30-20 when N4=4.
Observation #5: We see minor gains over Rel-16 reference in FDD in TDLA30-30 when N4=4.
Observation #6: We see feasible gamma values in FDD in TDLA30-20 when with both N4=1 and N4=4.
Observation #7: We do not see gains over Rel-16 reference in TDD MTK proposal 2a in TDLA30-40 channel.
Observation #8: We see some gain over Rel-16 reference in TDD MTK proposal 3a in TDLA30-40 channel.
Observation #9: We see reasonable gains over Rel-16 reference in TDD in TDLA30-20 and TDLA30-30 channels in both TDD MTK timing proposals.
Observation #10: We see feasible gamma values in TDD in TDLA30-20 and TDLA30-30 channels in both TDD MTK timing proposals.
Observations of CJT
Observation #11: We see higher gamma values on MCS13 compared to MCS20.
Observation #12: We see higher gamma values on Rank2 compared to Rank1.
Observation #13: We see test point SNR close or below 0dB in other than Rank2 MCS20 in 4Rx.
Observation #14: We see test point SNR clearly below 0dB in Rank1 MCS13.
Observations of enhanced DMRS
Observation #15: In our simulations we see maximum performance losses less than 0.3dB. Therefore, we see that reusing old values with possible additional margin is sufficient.
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