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Introduction
In RAN1#89 [1], the following issues are still open for further evaluations:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
FFS: DMRS pattern before configuration, e.g., SIB1

In this contribution, we focus on the down selection of configuration-1. We will focus on the comparison of the following patterns: 
· For low rank transmission, the comparison of one symbol OFDM pattern, 
· rank-1, Comb 2 vs. Comb 4; 
· rank-2, Comb 2 vs. Comb 1 + 2CS
· For high rank transmission, 
· rank-4, Comb 4 vs. Comb 2 + 2CS
· rank-8, Comb 4 + TD-OCC {1 1}, {1 -1} vs. Comb 2 + 2CS + TD-OCC {1 1}, {1 -1}
DMRS link level evaluations: DL single layer transmission at low SNR regime
In this section, we will focus on the DL single layer transmission for low SNR regime, which targets the power-limited transmission scenarios. The DMRS evaluations in the consider scenario are interesting for the following reasons: 
· In this scenario, the primary obstacle of channel estimation is noise and channel fading, therefore, the evaluation of reference signal density is important to guide the DMRS pattern design. 
· From the throughput perspective, in the low SNR regime, lower-order MCS are foreseen to be transmitted, which on the other hand have high tolerance for channel estimation quality. Therefore, the actual throughput will be a compromise of channel estimation quality and MCS.   
The candidate patterns for evaluations are shown in Figure 1. 
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[bookmark: _Ref485218931][bookmark: _Ref485218926]Figure 1 DMRS Patterns for single layer transmission 
Simulation results
The following simulations show the BLER for different MCS (QPSK, 0.5), (QAM16, 0.5), (QAM16, 3/4) and (QAM64, 5/6), as well as the throughput while enabling link adaptation. 
CDL-A channel model with different RMS delay spread 30ns, 300ns, and 1000ns are assumed. The number of Tx and Rx antennas are 2 and 2, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speed is 3km/h. There is no data multiplexed with the DMRS. Power boosting is applied to make sure each OFDM symbol has equal power. Detailed simulation parameters can be found in Appendix 9.1.  
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[bookmark: _Ref477948612]Figure 2 BLER and throughput performance comparison of DMRS patterns 1-4, CDL-A, Ds = 30ns
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[bookmark: _Ref477948615]Figure 3 BLER and throughput comparison of DMRS patterns 1-4. CDL-A, Ds = 300ns
[bookmark: _Toc477954516][bookmark: _Toc477956652]Figure 2 and Figure 3 show the BLER and throughput performance for DMRS patterns 1-4 with RMS delay spread 30ns and 300ns, respectively. From both BLER and throughput performance, we can observe that comb2-pattern provides better performance. The difference comes from the better estimation over the noise/interference covariance using denser pattern.    
[bookmark: _Toc477954518][bookmark: _Toc477956654]Figure 4 shows the BLER and throughput performance of large delay spread channels. In this scenario, comb2-pattern provides better BLER and throughput, because denser pattern provides better estimation against frequency selectivity together with better noise/interference covariance estimation.  
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[bookmark: _Ref477953294]Figure 4 BLER and throughput comparison of DMRS patterns 1-4. CDL-A, Ds = 1000ns
For power limited scenarios, the DMRS pattern using comb 2 provides better performance than comb 4 with the same total power. 
Based on the above evaluations, we propose the following: 
[bookmark: _Toc477954641][bookmark: _Toc477955356][bookmark: _Toc477956658][bookmark: _Toc477956744][bookmark: _Toc477956748][bookmark: _Toc478132978][bookmark: _Toc481669970][bookmark: _Toc481670249][bookmark: _Toc481670316][bookmark: _Toc481749518][bookmark: _Toc481759019][bookmark: _Toc481760074][bookmark: _Toc485289298][bookmark: _Toc485289380][bookmark: _Toc485289483][bookmark: _Toc485374006]NR should consider not multiplex data and DMRS for low SNR regime.
DMRS link level simulation: DL 2-layer transmission at low SNR regime
In this section, we compare the DMRS patterns for rank-2 transmission. For the same total overhead of DMRS, we focus on the performance comparison of FDM vs. CDM. Comb 2 and 2CS (comb1) patterns used in the simulations are illustrated as follows. 
[image: ]
Figure 5 FDM Comb 2 vs. CDM 2CS
TDL-C channel model with 300ns and 1000ns RMS delay spread are used in the simulations. The number of Tx and Rx antennas are 2 and 2, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speed is 3km/h. Power boosting for the FDM pattern is used such that the total power of the two patterns are the same. Detailed simulation assumptions are in Appendix 9.2. 
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Figure 6 BLER and throughput comparison of comb 2 vs. 2CS pattern, TDL-C 300ns
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Figure 7[image: ] BLER and throughput comparison of comb 2 vs. 2CS pattern, TDL-C 1000ns
For shorter delay spread channels, e.g., 300ns, comb2-pattern provides better BLER and throughput. For longer delay spread, e.g., 1000ns, the 2CS-pattern performs similarly to the comb2-pattern.   
For power limited scenarios, the DMRS pattern using comb 2 provides better performance than the comb1+2CS pattern with the same total power. 
[bookmark: _Toc485289299][bookmark: _Toc485289381][bookmark: _Toc485289484][bookmark: _Toc485374007]Comb 2 based DMRS pattern should be the supported for NR low rank transmission.  
DMRS link level simulation: DL 4 and 8-layer transmission
DL rank-4 transmission
In this section, we focus on the evaluation of the following DMRS patterns:
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Figure 8 One OFDM symbol pattern: Comb 4 vs. Comb 2 + 2CS
For the rank-4 transmission, the DMRS port multiplexing are as follows
· Comb 4 pattern: the FDM factor 4 is used to multiplex each layer in separated frequency resource element
· Comb 2 + 2CS pattern: layer-1 and 3 are multiplexed on the same comb, and layer-2 and 4 are multiplexed on the other comb; within each comb cyclic shifted sequences are used to separate layers 
TDL-C channel model with 100ns and 300ns RMS delay spread are used in the simulations. The number of Tx and Rx antennas are 8 and 8, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speed is 3km/h. Power boosting for the two patterns is used such that the total power of the two patterns are the same. Detailed simulation assumptions are in Appendix 9.3. 
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[image: ]Figure 9 BLER performance, rank-4 transmission, TDL-C 100ns
Figure 10 BLER performance, rank-4 transmission, TDL-C 300ns
Comb 4 pattern and Comb 2 + 2CS pattern provides similar BLER performance for 4-layer transmission.
[bookmark: _Toc485289300][bookmark: _Toc485289382][bookmark: _Toc485289485][bookmark: _Toc485374008]Comb 2 + 2CS DMRS should be the supported for the single-symbol pattern up to 4-layer transmission.  
DL rank-8 transmission
In this section, we focus on the evaluation of the following 2-symbol DMRS pattern: 
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Figure 11 Two-symbol patterns: comb4 based and comb2 based, both using T-OCC
For the rank-8 transmission, the DMRS port multiplexing are as follows:
· Comb 4 + T-OCC: port-1/5, port-2/6, port-3/7, and port-4/8 are multiplexed within individual combs (2 symbol); and within each comb, T-OCC {1 1} {1, -1} are multiplexed over two symbols to separate each port.
· Comb 2 + 2CS + T-OCC: port-1/3/5/7 and port-2/4/6/8 are multiplexed within individual combs (2 symbol); 2CS and T-OCC {1 1} {1 -1} are used within each comb to provide the other 4 orthogonal multiplexing dimension. 
TDL-C channel model with 100ns and 300ns RMS delay spread are used in the simulations. The number of Tx and Rx antennas are 8 and 8, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speed is 3km/h. Power boosting for the two patterns is used such that the total power of the two patterns are the same. Detailed simulation assumptions are in Appendix 9.3. 
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[image: ]Figure 12 BLER and throughput for 8-layer transmission, TDL-C 100ns 
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[image: ]Figure 13 BLER and throughput for 8-layer transmission, TDL-C 300ns
It is observed that for higher order MCS, e.g., QAM64 with code rate 5/6, comb-4 based pattern provides better performance than comb-2 based pattern. For lower order MCS, those two considered pattern provide similar BLER and throughput performance. 
Comb-4 based pattern provides better BLER and throughput performance for high rank (>= 8) transmission than comb-2 based pattern.
[bookmark: _Toc485289301][bookmark: _Toc485289383][bookmark: _Toc485289486][bookmark: _Toc485374009]Comb-4 based pattern should be supported for two-symbol DMRS for more than 4-layer transmission. 
DMRS link level evaluations: Comparison of F-CDM on adjacent and non-adjacent REs
In this section, we focus on the DL link level evaluations of DMRS patterns, specifically, of two kinds:
· Frequency domain OCC group at regular non-adjacent combs, i.e., discontinuous F-CDM pattern
· Frequency domain OCC group at adjacent sub-carriers, i.e., continuous F-CDM pattern
Those two types of DMRS patterns are illustrated in the following figure: 
[image: ]
[bookmark: _Ref477868837]Figure 14 DMRS patterns for link-level evaluations
Figure 14 illustrates two patterns supporting up to 4 orthogonal DMRS ports which we will evaluate in this section. F-CDM is applied at the resource elements with the same colour. 
· Pattern-1: FDM factor 2 with regular comb, and F-CDM with length 2 is applied to every 2 combs (non-adjacent REs) with the same colour. 
· Pattern-2: FDM factor 2 with irregular comb, and F-CDM with length 2 is applied to every adjacent 2 resource elements with the same colour. 

By differing from the frequency comb structure and F-CDM group allocations, there are following considerations which are triggered by the above two different types of DMRS patterns: 
· Pattern-1 will be more flexible in type of receiver that can be used since it allows for time domain as well as frequency domain operations at the receiver side. This is because of the regular sampling in the frequency domain, such that the sampled signal can be easily transformed into the time domain. Therefore, Pattern-1 enables the additional degrees of freedom for channel estimation in the time domain, timing and delay spread estimation in the time domain, and frequency domain filter tuning, etc. Moreover, the comb-based CDM pattern has advantages when there exists significantly power difference between the desired port and the rest, for instance, the MU-MIMO scenarios. The reason is that in those scenarios, the interference from other ports contributes less significantly compared to the signal of its own port.  
· Pattern-2 take advantages of the continuous F-CDM group, but also increases the interpolation distance across different F-CDM groups. Therefore, it will not necessarily bring better channel estimations for all channel conditions. Moreover, because of the irregular sampling in the frequency domain, it will bring more complexity for time domain operations.  
[bookmark: _Toc477976841][bookmark: _Toc478029848][bookmark: _Toc478030379][bookmark: _Toc478030387][bookmark: _Toc478110770][bookmark: _Toc478112643][bookmark: _Toc477954512][bookmark: _Toc477956647]The DMRS pattern with F-CDM on regular combs provides more flexibility in receiver implementation as it allows for time domain operations at the receiver side. 
The comb-based pattern has advantages when there exists significantly power difference between the desired port and the rest, such as MU-MIMO scenarios. 
In evaluations, these considerations will be investigated accordingly. We mainly target at the low Doppler/low UE mobility scenarios. 
We first compare two patterns based on frequency domain LMMSE channel estimator. Then, we provide evaluations of the considered patterns while enabling time domain channel estimation for Pattern-1.  
DL transmission in large delay spread channels 
In this section, we provide simulation results based on two patterns for DL 4-layer transmission with frequency LMMSE channel estimator. UE speed is 3km/h. We focus on large delay spread channels, e.g., Ds = 500ns and 1000ns. MCS (QPSK, 0.5), (QAM16, 0.75), and (QAM64, 5/6) are used in transmissions. Detailed simulation assumptions are listed in Appendix 9.4. 
[image: ]
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[bookmark: _Ref477874289]Figure 15 BLER for 4-layer DL transmission with DMRS pattern-1 and 2. CDL-A channel model, Ds={500ns, 1000ns}, Tx antennas 8, Rx antennas 8 
Figure 15 shows the BLER performance of DL 4-layer transmissions with DMRS pattern-1 and 2. In the simulation, we use CDL-A channel model with large delay spread 500ns and 1000ns, the number of Tx and Rx antennas are both 8. It can be seen in Figure 15 that Pattern-1 has slightly better BLER performance than that of Pattern-2. 
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[bookmark: _Ref477876123]Figure 16 BLER for 4-layer DL transmission with DMRS pattern-1 and 2. TDL-C channel model, Ds={500ns, 1000ns}, Tx antennas 16, Rx antennas 8  
Figure 16 shows the BLER performance of 4-layer DL transmission using DMRS pattern-1 and 2 based on TDL-C channel models. With large delay spread, e.g., 500ns and 1000ns, Pattern-1 and Pattern-2 have similar BLER performance for MCS (QPSK, cr=0.5), (QAM16, cr=0.75), and (QAM64, c5=5/6). Pattern-2 has slightly better performance for higher order MCS (QAM64, cr = 5/6) at high SNR. The detailed simulation assumptions are listed in Appendix 9.5.  
[bookmark: _Toc477954513][bookmark: _Toc477956648]The DMRS pattern with F-CDM on regular combs is robust to highly frequency-selective channels.
[bookmark: _Toc477954514][bookmark: _Toc477956649]For large delay spread scenarios, e.g., 500ns and 1000ns, consecutive F-CDM and non-adjacent F-CDM (with regular comb structure) provide similar BLER performance for both CDL and TDL channel models.
[bookmark: _Toc477956650]There is no single CDM pattern performing uniformly better than the other for large delay spread channels.     
  
DL transmission in low delay spread channels
In this section, we provide simulation results based on two patterns for DL 4-layer transmission. UE speed is 3km/h. We focus on low delay spread channels, e.g., Ds = 30ns. 
It is worth noting that for different DMRS patterns, we used different channel estimators:
· Pattern-1: Practical DCT based time domain channel estimator [2]
· Pattern-2: Frequency domain LMMSE channel estimator 
The reason of using different channel estimators is that Pattern-1 can enable time/transformed domain operations with low complexity compared with Pattern-2.
Figure 17 shows the BLER and throughput of DL 4-layer transmissions based on two DMRS pattern. It can be observed that Pattern-1 with the DCT channel estimator provides better BLER and throughput performance than that of Pattern-2 using LMMSE. The detailed simulation parameters are stated in Appendix 9.5.
[image: ]
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[bookmark: _Ref477879695]Figure 17 BLER and Throughput comparison of DL 4-layer transmission using DMRS pattern-1 and 2
[bookmark: _Toc477954515][bookmark: _Toc477956651]The DMRS pattern-1 with F-CDM on regular combs provides better BLER and throughput performance compared to the consecutive F-CDM pattern 2, for low delay spread channels.  

[bookmark: _Toc477954640][bookmark: _Toc477955355][bookmark: _Toc477956657][bookmark: _Toc477956743][bookmark: _Toc477956747][bookmark: _Toc478132977][bookmark: _Toc481669962][bookmark: _Toc481670241][bookmark: _Toc481670314][bookmark: _Toc481749516][bookmark: _Toc481759017][bookmark: _Toc481760072][bookmark: _Toc485289302][bookmark: _Toc485289384][bookmark: _Toc485289487][bookmark: _Toc485374010]NR support DMRS patterns with F-CDM on regular combs (e.g. IFDM or non-adjacent REs).
DMRS link level evaluations: Comparison of IFDMA (comb) pattern and F-CDM on adjacent REs
[bookmark: _Toc481669963][bookmark: _Toc481670242]In the previous section, we mainly compared two different frequency domain CDM methods. A yet important principle is that F-CDM will fundamentally loss its advantages when the channel is frequency selective. From this line of thinking, a network may not choose a F-CDM pattern for high delay spread channels, but instead a pure comb structure will be used for DMRS patterns. Therefore, the question we wish to answer in this section is:
· [bookmark: _Toc481669964][bookmark: _Toc481670243]For frequency selective channels, will the pure IFDMA pattern performs better than the F-CDM pattern on adjacent REs?
[bookmark: _Toc481669965][bookmark: _Toc481670244]In this section, we thus focus on comparing the following two patterns as shown in Figure 18
· [bookmark: _Toc481669966][bookmark: _Toc481670245]Pattern-1: pure comb structure with repetition factor 4, up to 4 orthogonal ports
· [bookmark: _Toc481669967][bookmark: _Toc481670246]Pattern-2: CDM-2 on 2 adjacent REs, up to 4 orthogonal ports
[bookmark: _Toc481669968][bookmark: _Toc481670247][image: ]
[bookmark: _Ref481671214][bookmark: _Ref481671202]Figure 18 IDFMA (comb) pattern and CDM on adjacent REs pattern
Figure 19 and Figure 20 show the BLER comparison using two patterns for different delay spread channels. The detailed simulation parameters are stated in Appendix 9.6. 
[image: ]
[bookmark: _Ref481758466]Figure 19 BLER comparison of two studied patterns, CDL-A 300ns
[image: ]
[bookmark: _Ref481758471]Figure 20 BLER comparison of two studied patterns, CDL-A 1000ns
From the results for frequency selective channels, we can observe that the F-CDM pattern performs worse than the IFDMA (pure comb) pattern. The reason is that the channel coefficient at the adjacent REs are no longer constant, such that serious cross layer aliasing effect will be introduced for de-spreading the CDM pattern. On the other hand, the pure IFDMA pattern can handle frequency selectivity well. Frequency domain LMMSE estimator is used on the simulations. 
The IFDMA (pure comb) pattern provides better performance than that of the pattern with F-CDM over adjacent REs for high delay spread channels.   
[bookmark: _Toc481669969][bookmark: _Toc481670248][bookmark: _Toc481670315][bookmark: _Toc481749517][bookmark: _Toc481759018][bookmark: _Toc481760073][bookmark: _Toc485289303][bookmark: _Toc485289385][bookmark: _Toc485289488][bookmark: _Toc485374011]NR supports IFDMA (pure comb) DMRS patterns for highly frequency selective channels. 
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	NR should consider not multiplex data and DMRS for low SNR regime.
Proposal 2	Comb 2 based DMRS pattern should be the supported for NR low rank transmission.
Proposal 3	Comb 2 + 2CS DMRS should be the supported for the single-symbol pattern up to 4-layer transmission.
Proposal 4	Comb-4 based pattern should be supported for two-symbol DMRS for more than 4-layer transmission.
Proposal 5	NR support DMRS patterns with F-CDM on regular combs (e.g. IFDM or non-adjacent REs).
Proposal 6	NR supports IFDMA (pure comb) DMRS patterns for highly frequency selective channels.
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Appendix
[bookmark: _Ref481758992]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	30ns, 300ns, 1000ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled/Enable

	Antenna configuration
	2Tx, 2Rx

	MIMO Layers
	1

	Channel estimator
	LMMSE

	PRB bundled size
	4 PRBs

	Noise Covariance Estimator
	Practical noise covariance estimator averaging one PRB bundle (4 PRBs)


[bookmark: _Ref485288571]Simulation Parameters:
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	300ns, 1000ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	2Tx, 2Rx

	MIMO Layers
	2

	Channel estimator
	LMMSE and practical transform based estimator

	PRB bundled size
	4 PRBs


[bookmark: _Ref485288886]Simulation Parameters:
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	100ns, 300ns, 1000ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	8Tx, 8Rx

	MIMO Layers
	4 and 8

	Channel estimator
	LMMSE for each PRB bundle

	PRB bundled size
	4 PRBs



[bookmark: _Ref481758712]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	3 km/h

	Delay spread
	500ns, 1000ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	8Tx, 8Rx

	MIMO Layers
	4

	Channel estimator
	Practical LMMSE

	PRB bundled size
	4 PRBs



[bookmark: _Ref481758749]Simulation Parameters:
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	300ns 

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled/Enable

	Antenna configuration
	16Tx, 8Rx

	MIMO Layers
	4

	Channel estimator
	LMMSE and DCT-based LMMSE

	PRB bundled size
	4 PRBs



[bookmark: _Ref481758953]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	300ns, 1000ns

	Allocated bandwidth
	32 PRBs

	Link Adaptation
	Disabled 

	Antenna configuration
	8Tx, 8Rx

	MIMO Layers
	4

	Channel estimator
	LMMSE

	PRB bundled size
	4 PRBs

	Noise Covariance Estimator
	Ideal 
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QPSK, cr = 0.5; Comb1+2CS

QAM16, cr = 0.5; Comb1+2CS
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Sim nr: {ln2421, ln2422}; TDL-C, 1000ns; tx ports: 2; rx ports: 2; 

QPSK, cr = 0.5; Comb2

QAM16, cr = 0.5; Comb2
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Sim nr: {ln2421, ln2422}; TDL-C, 1000ns; tx ports: 2; rx ports: 2; 

QPSK, cr = 0.5, Comb2

QAM16, cr = 0.5, Comb2

QPSK, cr = 0.5, Comb1+2CS

QAM16, cr = 0.5, Comb1+2CS
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Sim nr: {ln2459}; TDL-C, 100ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, Comb4

QAM16, cr = 0.5, Comb2+2CS

QAM16, cr = 0.75, Comb4

QAM16, cr = 0.75, Comb2+2CS

QAM64, cr = 5/6, Comb4

QAM64, cr = 5/6, Comb2+2CS
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Sim nr: {ln2460}; TDL-C, 300ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, comb4

QAM16, cr = 0.5, comb2+2CS

QAM16, cr = 0.75, comb4

QAM16, cr = 0.75, comb2+2CS

QAM64, cr = 5/6, comb4

QAM64, cr = 5/6, comb2+2CS


image16.png
Comb 4 + T-OCC {1, 1} {1, -1} Comb 2 +2CS + T-OCC {1, 1}{1, -1}




image17.emf
-5 0 5 10 15 20 25 30 35 40

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln2458}; TDL-C, 100ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, comb2+2CS+T-OCC

QAM16, cr = 0.5, comb4+T-OCC

QAM16, cr = 0.75, comb2+2CS+T-OCC

QAM16, cr = 0.75, comb4+T-OCC
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Sim nr: {ln2458}; TDL-C, 100ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, comb2+2CS+T-OCC

QAM16, cr = 0.5, comb4+T-OCC

QAM16, cr = 0.75, comb2+2CS+T-OCC

QAM16, cr = 0.75, comb4+T-OCC

QAM64, cr = 5/6, comb2+2CS+T-OCC

QAM64, cr = 5/6, comb4+T-OCC
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Sim nr: {ln2457}; TDL-C, 300ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, comb2+2CS+T-OCC

QAM16, cr = 0.5, comb4+T-OCC

QAM16, cr = 0.75, comb2+2CS+T-OCC

QAM16, cr = 0.75, comb4+T-OCC

QAM64, cr = 5/6, comb2+2CS+T-OCC

QAM64, cr = 5/6, comb4+T-OCC
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Sim nr: {ln2457}; TDL-C, 300ns; tx ports: 8; rx ports: 8; 

QAM16, cr = 0.5, comb2+2CS+T-OCC

QAM16, cr = 0.5, comb4+T-OCC

QAM16, cr = 0.75, comb2+2CS+T-OCC

QAM16, cr = 0.75, comb4+T-OCC

QAM64, cr = 5/6, comb2+2CS+T-OCC

QAM64, cr = 5/6, comb4+T-OCC
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CDL-A; Ds=500ns; Tx8, Rx8; 4 othorgonal DMRS 

QPSK, cr=0.5, Pattern-2

QAM16, cr=0.75, Pattern-2

QAM64, cr=5/6, Pattern-2

QPSK, cr=0.5, Pattern-1

QAM16, cr=0.75, Pattern-1

QAM64, cr=5/6, Pattern-1
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CDL-A, DS=1000ns; Tx8, Rx8; 4 orthorgonal DMRS 

QPSK, cr=0.5, Pattern-2

QAM16, cr=0.75, Pattern-2

QAM64, cr=5/6, Pattern-2

QPSK, cr=0.5, Pattern-1

QAM16, cr=0.75, Pattern-1

QAM64, cr=5/6, Pattern-1
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TDL-C, Ds=500ns; tx ports: 16; rx ports: 8; 

QPSK, cr=0.5, Pattern-1

QPSK, cr=0.5, Pattern-2

QAM16, cr=3/4, Pattern-1

QAM16, cr=3/4, Pattern-2

QAM64, cr=5/6, Pattern-1

QAM64, cr=5/6, Pattern-2
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TDL-C, Ds=1000ns; tx ports: 16; rx ports: 8; 

QPSK, cr=0.5, Pattern-1

QPSK, cr=0.5, Pattern-2

QAM16, cr=0.75, Pattern-1

QAM16, cr=0.75, Pattern-2

QAM64, cr=5/6, Pattern-1

QAM64, cr=5/6, Pattern-2
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CDL-A; Ds = 30ns; Tx 8, Rx 8 

Pattern-2, LMMSE, QAM16, cr=0.5

Pattern-2, LMMSE, QAM16, cr = 0.75

Pattern-2, LMMSE, QAM64, cr=5/6

Pattern-1, DCT, QAM16, cr = 0.5

Pattern-1, DCT, QAM16, cr = 0.75

Pattern-1, DCT, QAM16, cr =5/6
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CDL-A; Ds = 30ns; Tx 8, Rx 8 

Pattern-2, LMMSE, QAM16, cr=0.5

Pattern-2, LMMSE, QAM16, cr = 0.75

Pattern-2, LMMSE, QAM64, cr=5/6

Pattern-1, DCT, QAM16, cr = 0.5

Pattern-1, DCT, QAM16, cr = 0.75

Pattern-1, DCT, QAM16, cr =5/6
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CDL-A, 300ns; Tx8, Rx8; 4-layer MIMO

pattern-2, QAM16, cr = 0.5

pattern-2, QAM16, cr = 0.75

pattern-2, QAM64, cr = 5/6

pattern-1, QAM16, cr = 0.5

pattern-1, QAM16, cr = 0.75

pattern-1, QAM64, cr = 5/6
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CDL-A, 1000ns; Tx8, Rx8; 4-layer MIMO 

pattern-2, QAM16, cr = 0.5

pattern-2, QAM16, cr = 0.75

pattern-2, QAM64, cr = 5/6

pattern-1, QAM16, cr = 0.5

pattern-1, QAM16, cr = 0.75

pattern-1, QAM64, cr = 5/6
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CDL-A, Ds = 30ns; Tx 2, Rx 2 

QPSK, cr = 0.5, Pattern-1

QPSK, cr = 0.5, Pattern-2

QAM16, cr = 0.5, Pattern-1

QAM16, cr = 0.5, Pattern-2

QAM16, cr = 0.75,  Pattern-1

QAM16, cr = 0.75,  Pattern-2

QAM64, cr = 5/6, Pattern-1

QAM64, cr = 5/6, Pattern-2


