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Introduction
[bookmark: _GoBack]In RAN1 #87 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
· 
Agreements:
· Organize two email discussions i) to collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluation for the next RAN1 meetings till 8th Dec. and ii) to discussion/agree on simulation assumptions till 15th Dec. – Hyunsoo (LGE)
· The companies are encouraged to provide DM-RS patterns including DM-RS design details such as
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· Frequency domain density (per antenna port) for different ranks
· The number of maximum orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:

In this contribution, we provide the DMRS evaluation results for data channel according to the agreed simulation assumptions in [2]. 
Discussion
Due to the high number of DMRS patterns that were submitted for evaluation, in this study we provide link-level simulation results for a subset of those that are designed for up to 8 orthogonal ports, but still making sure that most of the major proposals are being treated. 

Specifically, in order to categorize the patterns, we observe that the majority of the submitted patterns for evaluation are essentially repetitions in time of a “base” pattern that spans a limited number of symbols, i.e., 1, 2 or 4 OFDM symbols, and has different port multiplexing method. We can therefore, categorize the patterns based on the chosen port multiplexing option and the number of symbols that the “ase” pattern spans. 
“Base” DMRS pattern categorization
Regarding the port multiplexing method in the frequency domain, two main approaches have been proposed:
· Port multiplexing using Frequency Domain orthogonal cover codes (FD-OCC) with 2, 4 and 8, OCC patterns. In our treatment, patter description and figures, we abbreviate such a method as 2FDOCC, 4FDOCC, 8 FDOCC. 
· Port multiplexing using frequency domain combs and cyclic shifts inside each comb. We abbreviate this as 1comb, 2comb, 4comb. Note that all patterns that used combs use DFT sequences for port orthogonalization inside each comb, typically referred as cyclic shifts (CS).
Regarding the port multiplexing method in the time domain, some proposed patterns were submitted with time-domain orthogonal cover code (TD-OCC). We abbreviate this as 2TDOCC.
Another way of categorizing the submitted DMRS patterns for evaluation is by grouping them together based on the maximum percentage of resource elements of the “base” pattern that are consumed for RS (this can be ¼, 1/3, 1/2, 2/3, or 1), and the number of symbols that the “base” pattern spans (this is 1, 2 or 4). 
Based on the above categorization, we identified 15 main “base” patterns which are presented in Appendix with the abbreviation name, a picture, and a small description.
· Note that when fewer than the maximum number of ports are transmitted, then the unused resource elements are being used for data transmission, and therefore the effective overhead reduces. The effective overhead is shown in the description.
Time-domain density of the “base” DMRS patterns
Different time-domain densities and location of the DMRS-carrying OFDM symbols have been proposed. 
Regarding the time-domain repetition of the single-symbol or 2-symbol DMRS “base” patterns, it seems that there are two major proposals:
· {3,6,9,12}-family: Repeat the base DMRS patterns in symbols with indices from the {3, 6, 9, 12} set,
· {3,6,10,13}-family: Repeat the base DMRS patterns in symbols with indices from the {3, 6, 10, 13} set
Figures 1 and 2 depicts such locations assuming indexing starts at 1. 
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Figure 1 {3,6,9,12}-family of DMRS locations
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Figure 2 {3,6,10,13}-family of DMRS locations
In our simulation setup, in the legend of each curve, we are going to specify: 
· the name of the “base” pattern following the tag names described in the Appendix (together with a tag ID of the “base” pattern), and 
· the indices of the symbols that contain DMRS. Note that it is implicitly assumed that the “base” pattern is being repeated according to the specified indices. For example, if a two-symbol base pattern is simulated with a preamble and a midamble starting at locations 3 and 6, then the symbol indexes carrying DMRS are 3,4,5,6. 
Simulation setup notes
We make the following notes regarding the simulation setup:
· Regarding the channel estimation algorithm, we perform an MMSE-based channel estimation assuming genie knowledge of maximum delay spread, Doppler spread and geometry. 
· When the DMRS pattern uses FD-OCC or TD-OCC we do not explicitly depattern the ports, but it is taken into account in the MMSE estimation. 	Note that in many realistic receivers such an optimal depatterning is not taking place. We plan to investigate the effect of FD-OCC or TD-OCC depatterning in a separate study.
· We present results for open-loop random PMI transmission mode, and link adaptation with 10% TBLER and an MCS table with 32 entries which is a superset of the suggested MCS agreed in the simulation assumptions (lowest MCS is QPSK with code rate of 1/10 and maximum MCS is 256-QAM with rate 8/9). Using a larger MCS table allows for a more comprehensive study of the different scenarios.
· Two codewords are used for any MIMO transmission with more than or equal to 2 layers as it was the case for LTE. We present spectral efficiency results in bps/Hz summed across both CWs. 
[bookmark: _Ref378529477]Sub-6GHz DMRS evaluations
We simulate the scenario of 30 KHz SCS which we consider as the most relevant option for the 4 GHz carrier frequency. Regarding the number TXRUs, we chose to simulate a scenario with 16 antennas at the BTS and 8 antennas at the UE, SU-MIMO with rank 2, 4, 8 for low/medium/high mobility and a 2x2 system with up to rank 2 for high speed train (HST) and 500 kmh.
TDD slot structure
The TDD slot structure that was agreed in the simulation assumptions is: 2 symbols DL control, 10 symbols DL data, and the last 2 symbols of the 14-symbol slot are used for guard and uplink. 
Low/Medium Doppler – (3 km/h, 30 km/h)
For low and medium Doppler we are comparing front-loaded patterns to see which provides overall a good performance and is a robust in these mobility use cases.  Note that front-loaded patterns are needed for supporting self-contained slots. 
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Figure 3 	Front-loaded patterns for CDL-C 300 nsec and 1000 nsec, 4 RB Bundling, Rank 4 and 30 Kmh.
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Figure 4 Front-loaded patterns for CDL-C 300 nsec and 1000 nsec, 4 RB Bundling, Rank 2 and 30 Kmh.
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Figure 5  Front-loaded patterns for CDL-C 300 nsec, 1 RB Bundling, Rank 2, 3 kmh 
Observation 1: In a self-contained slot, using a 2-symbol DMRS pattern at symbol indices {3,6} can provide additional robustness to mobility, compared to a DMRS pattern in symbol 3, or {3, 4}. 

From the above figures we also observe that comb-based patterns track the envelope of the best performance across patterns. In Figure 6 we plot the performance of few of the patterns in a relatively benign channel as far as Doppler is concerned for 4 RB bundling. Many patterns had similar performance so we are plotting a typical subset amongst them. We observe that in such channels, single-symbol front-load patterns are enough to track the best performance. 
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Figure 6 CDL-C 300 nsec, 3 kmh, 4 RB Bundling, Rank 4
In Figure 7 we present rank 8 SU-MIMO results. We observe that two symbols may be needed when delay spread is relatively large to provide best performance.
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Figure 7 CDL-C 300 nsec, 3 kmh, 4 RB Bundling, Rank 8

High/very high Doppler – (120 km/h, 500 km/h)
At high mobility, we need to ensure that the location and the number of additional looks in time are optimized to give a good performance. As already discussed in Section 2.2, regarding the single-symbol DMRS “base” patterns, two main proposals have been made regarding the location of the additional symbols in time, as shown in Figure 1 and 2. 
120 Km/h
We first provide some performance results for 120 km/h for rank 4 and 4 RBs PRB bundling. We investigate the performance impact of adding DMRS in the symbols with indices {3,9}, {3,10}, {3,12} for both comb-based and an FD-OCC single-symbol “base” DMRS patterns with a variety of frequency domain overhead. 
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Figure 8 Comparison of the {3,9}, {3,10}, {3,12} DMRS locations for different single-symbol base patterns for CDL-C 300 nsec, 120 kmh, Rank 4, 4 PRB bundling, and 30 KHz SCS.
We make the following observations:
· The {3,9} pattern demonstrates significantly inferior performance compared to the other two locations.  
· The location {3,12} may provide improved performance compared to the {3,10} location in some scenarios in the mid SNR range of 20-30 dB.
As far as “base” pattern comparison is concerned, Figure 9, shows the performance for rank 4 for CDL-C 300 nsec. 
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Figure 9 “Base” patterns with best performance for CDL-C 300 nsec, 120 Kmh, Rank 4, 4 PRB bundling, and 30 KHz SCS. 
500 Km/h
For very high speed, like an High speed train (HST) scenario we run the TDL-E channel with 500 Kmh and 30 nsec delay spread for 2 Tx and 2 Rx and rank 2. We plot all the patterns that get a reasonable performance from those that we investigate. We observe that four looks in time are needed to get best performance, and that a relatively sparse in the frequency domain DMRS pattern is enough (e.g., PTRN7 and PTRN12) to provide best performance. 
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Figure 10 500 Kmh, TDL-E, 30 nsec, Rank 2, 2x2 system, RB Bundling of 4
FDD slot structure
The FDD slot structure that was agreed in the simulation assumptions is: 2 symbols DL control and 12 symbols DL data. 
   Medium Doppler – (30 km/h)
Note that for low speed (3 kmh), front-loaded patterns, similar performance and results can be derived with the TDD case, so they are omitted for brevity. In Figure 11 we plot results for the scenarios of 30 Km/h and we present typical scenarios with the best performance for a CDL-C 300 nsec. We observe that using a non-unform pattern (like PTRN15) demonstrates inferior performance compared to the remaining patterns, and that comb-based patterns track nicely the envelope of the best performance. 
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Figure 11 FDD, rank 4, RB bundling of 4, 30 Kmh
We also plot for the same channel for PRB Bundling 1, and we observe that PTRN15 shows a significant degradation compared to the remaining patterns. We also observe that having a non-uniform pattern in the frequency domain (PTRN14) does not provide any clear gains.
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Figure 12 FDD, rank 4, RB bundling of 1, 30 Kmh
Regarding the location of the second look in time for the single-symbol “base” patterns, we observed that even at 30 Kmh, the performance loss of {3,10} and {3,9) is clear against the {3,12} option as shown in Figure X.
[image: C:\Users\amanolak\Desktop\PentNew\OLLA\pentariLink\wilt_infra\run\test\DMRSPresentRAN1\FDD\FDDHS30Kmh_L4_100nsec_1RB_39310B.jpg][image: C:\Users\amanolak\Desktop\PentNew\OLLA\pentariLink\wilt_infra\run\test\DMRSPresentRAN1\FDD\FDDHS30Kmh_L4_100nsec_1RB_39310A.jpg]
Figure 13 FDD, rank 4, RB bundling of 1, 30 Kmh. 

 High/very high Doppler – (120 km/h, 500 km/h)
   120 Km/h
We first provide some performance results for 120 km/h for rank 4 and 4 RBs PRB bundling. We investigate the performance impact of adding DMRS in the symbols with indices {3,9}, {3,10}, {3,12} for both comb-based and an FD-OCC single-symbol “base” DMRS patterns with a variety of frequency domain overhead, and similarly we compare {3,6,9,12} with {3,6,10,13} locations.
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Figure 14 Comparison of the DMRS location for 120 Khm for different “base” DMRS patterns.
We observe that due to the longer extrapolation that the {3,10} and {3,9} DMRS locations have to do, their performance is significantly lower than the {3,12} pattern. Some performance degradation of {3,6,9,12} versus {3,6,10,13} is also seen after 20 dB geometries, again due to the longer extrapolation by one symbol in the former case, but still the performance loss is limited to a maximum of approximately 1 dB. 
Figure X shows the performance of the different patterns for the best location of the “based” DMRS pattern. We show with dashed lines the some of the comb patterns. 
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Figure 15 CDL-C 300 nsec, 120 Kmh, 4 RB Bundling, Rank 4.
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Figure 16 CDL-C 100 nsec, 120 Kmh, 4 RB Bundling, Rank 4.
We observe that the comb-based patterns can track the best performance of the patterns in both scenarios. We also observe that there is no need for introducing a pattern that is non-uniform in time (e.g., PTRN15), and which underperforms over the uniform patterns. 
500 Km/h
For very high speed, like an High speed train (HST) scenario we run the TDL-E channel with 500 Kmh and 30 nsec delay spread for 2 Tx and 2 Rx and rank 2. We observe that four looks in time are needed to get best performance, and that a relatively sparse in the frequency domain DMRS pattern is enough (e.g., PTRN7) to provide best performance that has RS in the last symbols. 
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Figure 17 TDL-E 30 nsec, 500 Kmh, 4 RB Bundling, Rank 2.
MMW DMRS evaluations
Following the simulation agreements, we simulate the scenario of 120/60 KHz SCS which we consider as the most relevant option for the 30 GHz carrier frequency.  We simulated the TRP antenna configuration (M,N,P,Mg,Ng) = (4,8,2,2,2) with (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ . A single TXRU is mapped per panel per polarizatiton with a total of 8 TXRU. The UE is composed of 2 panels with configuration (M,N,P,Mg,Ng) = (2,4,2,1,2) with (dV,dH) = (0.5, 0.5)λ and (dg,V,dg,H) = (0, 0)λ. The two panels at the UE are oriented in opposite directions, with the first panel is oriented in the same direction as the UE orientation. 
TDD 
Low/Medium Doppler – (3 km/h, 30 km/h)
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Figure 18: Performance of Front Loaded Patterns for 3kmph with 120Khz Tone Spacing
From Figure 18 we observe that for the front loaded patterns, for low Doppler and low delay spreads, DMRS overhead has significant impact on performance. 
For the 100nsec Delay spread scenario with 120Khz Tone spacing, DMRS overhead of 1/2 provides the best performance. Overhead 1/3 shows a minor degradation compared to overhead 1/2. Pattern 7 with Overhead 1/4 shows significant degradation in performance compared to 1/2 and 1/3. 
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Figure 19: Performance comparison of schemes having the same over head
From Figure 19 we observe that, for low delay spreads and low Doppler, DMRS patterns with the same overhead have similar performance. The Comb4 pattern with overhead 0.5 tracks the envelope of the best performing schemes. 
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Figure 20: Comparison of Front Loaded vs Non-Front Loaded schemes for low Doppler

From Figure 20 we observe that, for low Doppler, front loaded Symbol patterns are enough to provide best performance 
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Figure 21: Comparison of Front Loaded vs Non-Front loaded schemes for medium Doppler

From Figure 21 we observe that, for medium Doppler Multi-Symbol DMRS patterns provide significant gains over One Symbol Frontloaded Pattern. The Comb pattern with 2 symbol DMRS tracks the envelope of the best performing scheme FDOCC with 4 symbols. For self-contained operation and medium Doppler, adding a second look in time in symbol 6 provides significant gains over One symbol Frontloaded patterns. 
[image: ]
[image: ]
Figure 22: Comparison of Comb Schemes vs Non-Comb Schemes for medium Doppler and medium/high delay spreads.
From Figure 22 we observe that for a medium/high delay spread of 300nsec/1000nsec, and medium Doppler scenario of 30kmph we compare the best performing schemes among Non-Comb based schemes, with the best performing Comb based scheme. Comb based scheme provides the best performance for the medium Doppler and medium/high delay spreads, compared to Non-Comb based schemes. 
Conclusions
Observation 1: A configurable comb-based DMRS pattern provides a uniformly good performance for both sub 6GHz and mmWave. RS and data FDM-ing improves performance.

Observation 2: For low Doppler and low delay spread scenarios, performance is largely impacted by DMRS overhead, with proposed schemes having same overhead have similar performance.    

Observation 3: Time-domain staggering of the DMRS ports (i.e., applying comb-offsets in multi-symbol DMRS patterns) may provide gains in some medium/high mobility scenarios.

Observation 4: In a self-contained slot, using a 2-symbol DMRS pattern at symbol indices {3,6} may provide significant robustness to mobility, compared to a DMRS pattern in symbol 3, or symbols {3, 4} (counting starts at 1). 

Observation 5: In a no-self-contained slot, both for FDD and TDD, using a 2-symbol DMRS pattern at symbol indices {3,9} underperforms a 2-symbol DMRS pattern at symbols {3,10} or {3,12}.

Observation 6: Supporting a non-uniform DMRS pattern in the frequency domain does not provide gains that justify its adoption in NR.

Observation 7: In a no-self-contained slot FDD slot in high speed train (HST), four looks in time may be needed to be placed uniformly spaced in time with sparse frequency density to provide the best performance.  
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Appendix
 “Base” DMRS patterns Examples
In the Appendix, we provide a description on the patterns and their abbreviations that are used in the Figures. 
Notes: 
· The “mean overhead” for each pattern refers to the ratio of the resource elements used for RS over the ratio of all the resource elements in the “base” DMRS pattern when the maximum number of ports are transmitted. If fewer than the maximum number of ports are transmitted, then the ratio, depending on the multiplexing method, may be less. 
· The “number of symbols” refers to the duration of the “base” DMRS pattern. The pattern is shown in a figure next to the description. When robustness in mobility is needed, this “base” DMRS pattern is being repeated over time.
Single-symbol “base” pattern
Using FD-OCC
1. [image: ]4FDOCC, mean overhead: 1, number of symbols: 1
	Tag Name
	PTRN1, 4FDOCC, Overhead: 1

	Notes
	4FDOCC is used for port orthogonalization. A similar pattern with 2FDOCC was also proposed, but due to time-constraints we only present results for the one using 4FDOCC. 
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2. 8FDOCC, mean overhead: 1, number of symbols: 1 
	Tag Name
	PTRN2, 8FDOCC, Overhead: 1

	Notes
	8FDOCC is used for port orthogonalization. 
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3. 8FDOCC, mean overhead: 2/3, number of symbols: 1
	Tag Name
	PTRN3, 8FDOCC, Overhead: 2/3 

	Notes
	8FDOCC is used for port orthogonalization




4. [image: ]4FDOCC, mean overhead: 1/2, number of symbols: 1 
	Tag Name
	PTRN4, 4FDOCC, Overhead: 1/2 

	Notes
	4FDOCC is used for port orthogonalization. This base pattern supports up to 4 ports. 





Using Combs
5. [image: ]4Comb, mean overhead: 1 (0.5), number of symbols: 1[image: ]
	Tag Name
	PTRN5, 4Comb, Overhead: 1 (0.5), NoStagger
PTRN6, 4Comb, Overhead: 1 (0.5), Stagger

	Notes
	4 combs are used for port orthogonalization of the first 4 ports and and cyclic shifts for the additional 4. Note that time-domain staggering could be employed in the repetition of the base pattern, in which case the second symbol with RS will have a comb shift of 2 as shown in Figure 3. When staggering is (not) employed the abbreviation will have the additional tag “Stagger” (“NoStagger”). For rank 2 transmission the overhead is 0.5 (as shown inside the parenthesis).



6. [image: ][image: ]4Comb, mean overhead: 0.5 (0.25), number of symbols: 1
	Tag Name
	PTRN7, 4Comb, Overhead: 0.5 (0.25), Stagger

	Notes
	This is a sub-subsampled version of the previous pattern, and therefore the mean overhead is 0.5. This supports up to 4 ports. Even though both staggering and no staggering can be evaluated, due to time constraints we only evaluated the “staggering” pattern when multiple DMRS symbols are configured. For rank 2 transmission the overhead is 0.25 (as shown inside the parenthesis).


[image: ]               
7. [image: ]2Comb, mean overhead: 1 (0.5), number of symbols: 1
	Tag Name
	PTRN8: 2Comb, Overhead: 1 (0.5), NoStagger
PTRN9: 2Comb, Overhead: 1 (0.5), Stagger

	Notes
	When staggering is (not) employed the abbreviation will have the additional tag “Stagger” (“NoStagger”). For rank 2 transmission the overhead is 0.5 (as shown inside the parenthesis).


         

8. [image: ]2Comb+2TDOCC, mean overhead: 1 (0.5), number of symbols: 2
	Tag Name
	PTRN10: 2Comb, Overhead: 1 (0.5), 2TDOCC

	Notes
	2 combs are used for port orthogonalization together with CS and 2TDOCC. For rank 2 transmission the overhead is 0.5 (as shown inside the parenthesis).
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9. 1Comb, mean overhead: 1, number of symbols: 1
	Tag Name
	PTRN11: 1Comb, Overhead: 1

	Notes
	Ports are orthogonalized with cyclic shifts (8-DFT).




 multi-symbol “base” pattern
10. [image: ]4FDOCC, mean overhead: 1/3, number of symbols: 2(1)
	Tag Name
	PTRN12: 4FDOCC, Overhead: 1/3 

	Notes
	4FDOCC is used for port orthogonalization. The RS of the first 4 ports appear in the first symbol, and the RS for the remaining 4 ports appear in the second symbol. In scenarios of up to 4 ports, then the resource elements that are unused are populated with data, and therefore essentially the “base” pattern spans 1 symbol.




11. [image: ]4FDOCC, mean overhead: 2/3, number of symbols: 2
	Tag Name

	For Max Layers
	PTRN13: 4FDOCC, Overhead: 2/3 

	
	For 2/4 Layers
	PTRN13: 4FDOCC, Overhead: 1/3 (Non Uniform)

	Notes
	4FDOCC is used for port orthogonalization. A similar version of this pattern was also submitted that uses 2FDOCC and not 4. Due to time constraints we present results for the 4FDOCC pattern.




12. 4FDOCC, Overhead: 1/2, number of symbols : 2
[image: ]
	Tag Name

	For Max Layers
	PTRN14: 4FDOCC, Overhead: 1/2 

	
	For 2 Layers
	PTRN14: 4FDOCC, Overhead: 1/4 (Non Uniform)

	Notes
	Note that this pattern does not have the RS uniformly spaced in the frequency domain. The RS of the first 4 ports appear in the first symbol, and the RS for the remaining 4 ports appear in the second symbol. In scenarios of up to 4 ports, then the resource elements that are unused are populated with data.




13. [image: ]4FDOCC, Overhead: ¼  (1/8) NonUniform, number of symbols: 4

	Tag Name

	For Max Layers
	PTRN15: 4FDOCC, Overhead 1/4 

	
	For 2 Layers
	PTRN15: 4FDOCC, Overhead 1/8 NonUniform

	Notes
	Note that this pattern does not have the same number of RS resource lements in the time domain.
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——PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6
——PTRN1: 4FDOCC, Overhead: 1, symbldx:3

Of{——PTRN2: 8FDOCC, Overhead: 1, symbldx:3

——PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3

---PTRN5: 4Comb, Overhead: 1, NoStagger, symbldx:3,6

- -#-PTRNG: 4Comb, Overhead: 1, Stagger, symbldx:3,6
-»-PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6
~+-PTRN9: 2Comb, Overhead: 1, Stagger, symbldx:3

®
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
111.11 Hz RMS DS: 1000 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs ,

Allocated PRBs: 48.

8 T T T T T T T i
==z
=6 =PTRN10: 2Comb+2TDOCC, Overhead: 0.5, symbldx:3-4 _==‘=EE==-

7 | ~=PTRN11: 1Comb, Overhead: 1, symbldx:3,6 ‘i"' =

—8—PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-4 ‘," o
-

=6—PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbldx:3-6
6 =#=PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3

===PTRNS5: 4Comb, Overhead: 0.5, NoStagger, symbldx:3,6

5 =& = PTRNS: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6

=¥ =PTRN8: 2Comb, Overhead: 0.5, NoStagger, symbldx:3,6

=& =PTRN9: 2Comb, Overhead: 0.5, Stagger, symbldx:3,6
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
111.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs,
Allocated PRBs: 48.

=B =PTRN10: 2Comb+2TDOCC, Overhead: 0.5, symbldx:3-4

=& =PTRN11: 1Comb, Overhead: 1, symbldx:3,6

=8-PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-4
=6—PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbldx:3-6
=0~ PTRN2: 8FDOCC, Overhead: 1, symbldx:3

=#=PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3

===PTRNS5: 4Comb, Overhead: 0.5, NoStagger, symbldx:3
===PTRNS5: 4Comb, Overhead: 0.5, NoStagger, symbldx:3,6

= =PTRN7: 4Comb, Overhead: 0.25, Stagger, symbldx:3,6

=¥ =PTRN8: 2Comb, Overhead: 0.5, NoStagger, symbldx:3,6
=¥=PTRN12: 4FDOCC, Overhead: 1/3, symbldx:3,6
=&=PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,6
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
11.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 1 RBs ,
Allocated PRBs: 48.

=©=PTRN10: 2Comb+2TDOCC, Overhead: 0.5, symbldx:3-4

=& =PTRN11: 1Comb, Overhead: 1, symbldx:3

=& =PTRN11: 1Comb, Overhead: 1, symbldx:3,6

=~ PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,6
=8—PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-4
=6—PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbldx:3-6
=9—PTRN2: 8FDOCC, Overhead: 1, symbldx:3
=+=PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3

=& -PTRN9: 2Comb, Overhead: 0.5, Stagger, symbldx:3
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PDSCH.Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd
11.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.

-#-PTRN11: 1Comb, Overhead: 1, symbldx:3

-=-PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3-4

~+=PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6

——PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3

=»-PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6

-»-PTRN8: 2Comb, Overhead: 1, NoStagger, symbldx:3
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PDSCH. Spectral_Efficiency_bpsHz
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SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
11.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 8, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.

T T
=& ~-PTRN10: 2Comb+2TDOCC, Overhead: 1, symbldx:3-4
=8—PTRN11: 1Comb, Overhead: 1, symbldx:3

=$—PTRN11: 1Comb, Overhead: 1, symbldx:3,6

=9—PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3-4
=+=PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3-4
=$—PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6
~~PTRN1:4FDOCC, Overhead: 1, symbldx:3

=6—PTRN2: 8FDOCC, Overhead: 1, symbldx:3

=8 =PTRN5: 4Comb, Overhead: 1, NoStagger, symbldx:3

=t =PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3

=& =PTRN8: 2Comb, Overhead: 1, NoStagger, symbldx:3
===PTRN9: 2Comb, Overhead: 1, Stagger, symbldx:3
=¥ =PTRN9: 2Comb, Overhead: 1, Stagger, symbldx:3,6
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40
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd;
444.44 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs
Allocated PRBs: 48.

T 1 T

~+-PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3,10
-v-PTRN3: BFDOCC, Overhead: 2/3, symbldx:3,12
—e~PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3,9
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PDSCH Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd
444,44 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,
Allocated PRBs: 48

T

=]
T

~4~PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,10
~-PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,12
—+—PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,9
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20
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23

40
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
444 44 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.

—&—PTRN11: 1Comb, Overhead: 1, symbldx:3,12
—*%—PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,10

——PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6,9-12
~#—=PTRN1:4FDOCC, Overhead: 1, symbldx:3,12

~+—PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3,12

===PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,12
=+==PTRN7:4Comb, Overhead: 0.5, Stagger, symbldx:3,6,9,12

=% =PTRN9: 2Comb, Overhead: 1, Stagger, symbldx:3,12
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 2, NUM_RX_UE: 2, SCS: 30 KHz , ChaP: TDL-E Fd:
1852 Hz RMS DS: 30 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs ,

Allocated PRBs: 48.

$441 ppt 4

TRN11: 1Comb, Overhead: 1, symbldx:3,6,9,12
TRN12: 4FDOCC, Overhead: 1/3, symbldx:3,4,6,7,9,10,12
TRN13: 4FDOCC, Overhead: 2/3, symbldx:3,4,6,7,9,10,12

TRN14: 4FDOCC, Overhead: 1/2, symbldx:3,4,10,11

TRN15: 4FDOCC, Overhead: 1/8 (NonUniform)

TRN1: 4FDOCC, Overhead: 1, symbldx:3,6,9,12

TRN2: 8FDOCC, Overhead: 1, symbldx:3,6,9,12
TRN3: BFDOCC, Overhead: 2/3, symbldx:3,6,9,12

TRN6: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6,9,12

TRN7: 4Comb, Overhead: 0.25, Stagger, symbldx:3,6,9,12

TRN9: 2Comb, Overhead: 0.5, Stagger, symbldx:3,6,9,12

25 30 35 40 45
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PDSCH.Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:
111.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.

15 —4-PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3,4,10,11

16 =-PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6,11-14
-e-PTRN2: 8FDOCC, Overhead: 1, symbldx:3,12

~+-PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,12

141| ---PTRN9: 2Comb, Overhead: 1, Stagger, symbldx:3,12
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PDSCH Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd
111.11 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 1 RBs

Allocated PRBs: 48.

T T 1 T
|- |=»=PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3,4,10,11 ‘
——PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6,11-14
-a-PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,12
-4-PTRNZ: 2Comb, Overhead: 1, Stagger, symbldx:3,12
o I i I
-5 0 5 10 15 25 30 35 40 45
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PDSCH. Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:

11111 Hz RMS DS 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 1 RBs ,
Allocated PRBs: 48.

i 1 T T

- -~-PTRNG: 4Comb, Overhead: 1, Stagger, symbldx3,10
-a-PTRNG: 4Comb, Overhead: 1, Stagger, symbldx:3,12
~e-PTRNG: 4Comb, Overhead: 1. Stagger, symbldx3.9
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PDSCH Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8 SCS: 30 KHz , ChaP: CDL-C Fd:
11141 Hz RMS DS’ 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundiing: 1 RBs ,
Allocated PRBs: 48.

18 T T T T T
161 PTRNG: 2Cormb, Overhead: 1, Stagger, symbldx3,10

~4-PTRNS: 2Comb, Overhead: 1, Stagger, symblx:3,12 5%
il —~-PTRNG: 2Comb, Overhead: 1, Stagger, symbldx3.9 = 1
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PDSCH.Spectral_Effcieny_sesHz

SIM_TAG=NUM_TX_E
4444411z RIS DS 300
Alocated PRES. 48

ENB: 18, NUM_RX_UE: 8 SCS 30 KHz, ChaP CDL-C Fd:
WINC_NUM__AYER: 4, PR Blndirg: 4 RBs.,

[~+-PTRNZ: BFDOCC, Overhesc:
~e-PTRNZ. BFDOCC, Overhest:
=-PTRNZ. BFLOCC, Overhest:

. Cuerhezs
Cverhezs

Symbin3 10
Syl 12
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PDSCH. Spectral_Efficiency_bpsHz

IM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd.
444.44 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundiing: 4 RBs ,
Allocated PRBs: 48

T
—~—PTRNG: 4Comb, Overhead: 1, Stagger, symbldx3,10
~+PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,12
—+~PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,6,10,13
——PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,69,12
—PTRN6: 4Comb, Overhead: 1, Stagger, symbldx3.9
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PDSCH.Spectral_Efficiency_bpsHz

18,

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-C Fd:

444.44 Hz RMS DS: 300 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,

Allocated PRBs: 48.

161

145

10]

-&-PTRN11: 1Comb, Overhead: 1, symbldx:3,12
——PTRN12: 4FDOCC, Overhead: 173, symbldx:3,6,9,12
—e—PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,69,12
—e—PTRN14: 4FDOCC, Overhead: 12, symbldx:3,4,10,11
——PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6,11-14
—+—PTRN1: 4FDOCC, Overhead: 1, symbldx:3,12

—e—PTRN2: 8FDOCC, Overhead: 1, symbldx:3,12

~—PTRN3: 8FDOCC, Overhead: 2/3, symblcx:3,12
—+—PTRN4: 4FDOCC, Overhead: 172, symblcx:3,12
~+~PTRN6: 4Comb, Overhead: 1, Stagger, symblch:3,12
~¢=PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6,10,13
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35

40
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image23.jpeg
20

SIM_TAG=NUM_TX_ENB: 16, NUM_RX_UE: 8, SCS: 30 KHz , ChaP: CDL-B Fd:

444 44 Hz RMS DS: 100 nsec, MIMO_NUM_LAYER: 4, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.

16H

14

-#-PTRN11: 1Comb, Overhead: 1, symbldx:3,12

—4—PTRN12: 4FDOCC, Overhead: 1/3, symbldx:3,6,9,12

=—e—PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,6,9,12

—4—PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3,4,10,11
=—+—PTRN15: 4FDOCC, Overhead: 1/4 (NonUniform), symbldx:3-6,11-14
—e=PTRN1: 4FDOCC, Overhead: 1, symbldx:3,12

=—e—PTRN2: 8FDOCC, Overhead: 1, symbldx:3,12

~+=PTRN3: 8FDOCC, Overhead: 2/3, symbldx:3,12

—e—PTRN4: 4FDOCC, Overhead: 1/2, symbldx:3,6,10,13

127 ~+=PTRN6: 4Comb, Overhead: 1, Stagger, symbldx:3,12
=#=PTRN7: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6,10,13
10H ===PTRNS: 2Comb, Overhead: 1, Stagger, symbldx:3,12

PDSCH. Spectral_Efficiency_bpsHz
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image24.jpeg
PDSCH.Spectral_Efficiency_bpsHz

SIM_TAG=NUM_TX_ENB: 2, NUM_RX_UE: 2, SCS: 30 KHz , ChaP: TDL-E Fd
1852 Hz RMS DS: 30 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs ,
Allocated PRBs: 48.
10— T

~+~PTRN11: 1Comb, Overhead: 1, symbldx:3,6,10,13
9+=+PTRN12: 4FDOCC, Overhead: 1/3, symbldx:3,4,6,7,8,10,12,13
-e-PTRN13: 4FDOCC, Overhead: 2/3, symbldx:3,4,6,7,9,10,12,13
8-{~#=PTRN14: 4FDOCC, Overhead: 1/2, symbldx:3,4,10,11,13,14
~#-PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbldx:3-14
7-{=e=PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbldx:3-6,11-14.
=+=PTRN6: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6,10,13
&.|~~PTRN6: 4Comb, Overhead: 0.5, Stagger, symbldx:3,6,9,12
~--PTRN7: 4Comb, Overhead: 0.25, Stagger, symbldx:3,6,10,13
5.1—+—PTRNS: 2Comb, Overhead: 0.5, Stagger, symbldx:3,6,10,13
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image25.emf
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-B  Fd: 

83.33 Hz  RMS DS: 100 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs , 

Allocated PRBs: 48.

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)

 

 

PTRN11: 1Comb, Overhead: 1, symbIdx:3

PTRN11: 1Comb, Overhead: 1, symbIdx:3,6

PTRN12: 4FDOCC, Overhead: 1/3, symbIdx:3

PTRN13:  4FDOCC, Overhead: 2/3, symbIdx:3

PTRN5: 4Comb, Overhead: 0.5, NoStagger, symbIdx:3

PTRN7: 4Comb, Overhead: 0.25, Stagger, symbIdx:3
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-B  Fd: 

83.33 Hz  RMS DS: 100 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs , 

Allocated PRBs: 48.

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)

 

 

PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbIdx:3-4

PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbIdx:3-6

PTRN4: 4FDOCC, Overhead: 1/2, symbIdx:3

PTRN5: 4Comb, Overhead: 0.5, NoStagger, symbIdx:3

PTRN8: 2Comb, Overhead: 0.5, NoStagger, symbIdx:3
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-B  Fd: 

83.33 Hz  RMS DS: 100 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs ,    

Allocated PRBs: 48.                                                       

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)                   

 

 

PTRN11: 1Comb, Overhead: 1, symbIdx:3,12

PTRN12: 4FDOCC, Overhead: 1/3, symbIdx:3,10

PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbIdx:3,4,10,11

PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbIdx:3-6,9-12

PTRN1: 4FDOCC, Overhead: 1, symbIdx:3,6,9,12

FrontLoaded PTRN5: 4Comb, Overhead: 0.5, NoStagger, symbIdx:3

FrontLoaded PTRN6: 4Comb, Overhead: 0.5, Stagger, symbIdx:3,6
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-B  Fd: 

833.33 Hz  RMS DS: 100 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs , 

Allocated PRBs: 48.

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)

 

 

PTRN12: 4FDOCC, Overhead: 1/3, symbIdx:3,10

PTRN13:  4FDOCC, Overhead: 2/3, symbIdx:3,6,9,12

PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbIdx:3,4,10,11

PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbIdx:3-6,9-12

PTRN6: 4Comb, Overhead: 0.5, Stagger, symbIdx:3,12

FrontLoaded  PTRN11: 1Comb, Overhead: 1, symbIdx:3

FrontLoaded PTRN9: 2Comb, Overhead: 0.5, Stagger, symbIdx:3,6
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-C  Fd: 

833.33 Hz  RMS DS: 300 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs , 

Allocated PRBs: 48.

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)

 

 

PTRN12: 4FDOCC, Overhead: 1/3, symbIdx:3,4,10,11

PTRN13:  4FDOCC, Overhead: 2/3, symbIdx:3,4,10,11

PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbIdx:3,4,10,11

PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbIdx:3-6,9-12

PTRN1: 4FDOCC, Overhead: 1, symbIdx:3,12

PTRN2: 8FDOCC, Overhead: 1, symbIdx:3,12

PTRN3: 8FDOCC, Overhead: 2/3, symbIdx:3,10

PTRN6: 4Comb, Overhead: 0.5, Stagger, symbIdx:3,12

PTRN4: 4FDOCC, Overhead: 1/2, symbIdx:3
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SIM_TAG=NUM_TX_ENB: 8, NUM_RX_UE: 2, SCS: 120 KHz , ChaP: CDL-C  Fd: 

833.33 Hz  RMS DS: 1000 nsec, MIMO_NUM_LAYER: 2, PRB Bundling: 4 RBs , 

Allocated PRBs: 48.

CINR

PDSCH.Spectral_Efficiency_bpsHz

(floored at 0)

 

 

PTRN12: 4FDOCC, Overhead: 1/3, symbIdx:3,4,9,10

PTRN13:  4FDOCC, Overhead: 2/3, symbIdx:3,4,10,11

PTRN14: 4FDOCC, Overhead: 1/4 (NonUniform), symbIdx:3,4,10,11

PTRN15: 4FDOCC, Overhead: 1/8 (NonUniform), symbIdx:3-6,9-12

PTRN1: 4FDOCC, Overhead: 1, symbIdx:3,12

PTRN2: 8FDOCC, Overhead: 1, symbIdx:3,12

PTRN3: 8FDOCC, Overhead: 2/3, symbIdx:3,12

PTRN6: 4Comb, Overhead: 0.5, Stagger, symbIdx:3,12
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