3GPP TSG RAN WG1 Meeting #110	R1-2206966
Toulouse (FR), 22nd August – 26th August 2022
Agenda Item: 	9.1.3.1
Source:	Fraunhofer IIS, Fraunhofer HHI
Title:	Increased number of orthogonal DMRS ports
Document for:	Decision

Introduction

In RAN#94e, the following was agreed for the enhancement of the DMRS ports in downlink and uplink in Rel. 18 [1].
	Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS


Enhancements for increasing orthogonal DMRS ports

In this section, the DMRS design until Rel. 17 is discussed, followed by the proposals on DMRS enhancements.
DMRS resource mapping and CDM design until Rel. 17

The CDM design of the DMRS ports until Rel. 17 is performed using orthogonal cover codes (OCC) [2]. One of the OCC sequences, [+1 +1] or [+1 -1], is applied to a pair of DMRS resource elements in a PRB within a symbol and then repeated across all the DMRS resource elements associated with a DMRS port in that symbol. This gives rise to 2 orthogonal DMRS ports per CDM group for single symbol DMRS. In the case of double symbol DMRS, OCC is applied in time, across OFDM symbols, as well to provide 2 orthogonal DMRS ports. Thus, the number of orthogonal ports (applied across REs within a symbol) is doubled over single-symbol DMRS as OCC is applied across OFDM symbols.

An illustration of the DMRS design is shown in Fig. 1. A single-symbol type 1 DMRS along with the OCC sequence applied to the DMRS resource elements is shown for four ports belonging to the same CDM group. With single-symbol DMRS, 2 orthogonal ports per CDM group can be obtained. Four ports are available for DMRS in CDM group 0 – 1000, 1001, 1004 and 1005. With only one front-loaded DMRS symbol, the port 1000 is identical to 1004 and 1001 is identical to 1005. The port 1000 or 1004 is orthogonal to 1001 or 1005. With the addition of a second front-loaded DMRS symbol, as shown in Fig. 2, all 4 ports can be orthogonalized as a second OCC is applied across the two DMRS symbols. In configuration type 2 as well, the OCC leads to two orthogonal ports per CDM group for single symbol DMRS.

[image: C:\Users\vns\Documents\Tdocs from meetings\Tdocs_Emeeting_RAN1#109\DMRS_Tdoc_ConfigType1_4Ports_1Symbols.png]
Figure 1: Configuration type 1, single symbol DMRS; Antenna ports 1000, 1001, 1004 and 1005 in CDM Group 0
[image: C:\Users\vns\Documents\Tdocs from meetings\Tdocs_Emeeting_RAN1#109\DMRS_Tdoc_ConfigType1_4Ports_2Symbols.png]
Figure 2: Configuration type 1, double symbol DMRS; Antenna ports 1000, 1001, 1004 and 1005 in CDM Group 0

Observation 1: The code-division multiplexing of DMRS ports until Rel. 17 is performed using orthogonal cover code sequences of length 2 – [+1 +1] and [+1 -1], thereby resulting in two orthogonal ports per CDM group with single-symbol DMRS for both DMRS configuration type 1 and type 2. 
Rel.-18 DMRS enhancements to increase the number of orthogonal DMRS ports

The work item for Rel. 18 aims to increase the number of orthogonal DMRS ports, especially for MU-MIMO use-cases, without increasing the DMRS overhead. In RAN1#109-e, various methods for DMRS enhancements were proposed as follows [1]: 

	Agreement
To increase the number of DMRS ports for PDSCH/PUSCH, evaluate and, if needed, specify one or more from the following options: 
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6). 
· Study aspect includes potential performance degradation in large delay spread, potential scheduling restriction, backward compatibility. 
· Opt.2 (enhance TD-OCC): Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols) 
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM). 
· Study aspect includes potential performance degradation in large delay spread, backward compatibility. 
· Opt.4 (using TDMed DMRS symbol): reusing additional DMRS symbols to increase orthogonal DMRS ports 
· Study aspect includes potential performance degradation in high UE velocity, potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· Opt.5 TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM: reusing additional DMRS symbol(s) to improve channel estimation performance. 
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
The same option can be applied to both single symbol DMRS and double symbol DMRS. 



The pros and cons of each method is discussed in the following.
· Opt-1: Enhanced Frequency Domain (FD) – Orthogonal Cover Code (OCC)
· This is a straight-forward enhancement of the CDM sequences up to Rel. 17 which increases the number of DMRS ports per CDM group. The resource mapping of the previous releases can be maintained, while the CDM is enhanced. Backward compatibility is given with this method. This method should be supported.
· Opt-2: Enhanced Time Domain (TD) – Orthogonal Cover Code (OCC)
· This enhancement is applicable only for a limited set of DMRS configurations. The need for multiple DMRS symbols and additional symbols is a requirement for this method. Since TD-OCC already is applied across front-load symbols, the inclusion of the additional symbols is the enhancement in this method. In cases where there are no additional symbols, which may be the case more often with double symbol DMRS, such an enhancement may not apply. This method should be considered with lower priority.
· Opt-3: Sparser frequency allocation or FDM (frequency division multiplexing)
· The reduction in the number of REs in frequency domain may lead to performance degradation when the channel delay spread is high. Moreover, with MU-MIMO scheduling and the influence of interference, the degradation may be even worse. This method requires new resource mapping and DMRS ports tables, and hence new DMRS configurations which results in a high specification effort. Therefore, this method should have a lower priority.
· Opt-4: Using TDM-ed DMRS symbol
· This method is an extension of Opt-2 and may be applicable only for restricted DMRS configurations. Hence, this should also be considered with lower priority.
· Opt-5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM
· This is a combination of options 1/2 and options 2/4. With the complexities involved with each method individually, a combination of them poses very high specification effort. This method can be discussed after the decision on the above individual methods.

In our view, specifying one enhancement to increase the number of orthogonal DMRS ports is sufficient. Specifying multiple methods with increased workload and the potential performance drawbacks is not preferred. This leads to the following proposals.

Proposal 1: For increased number of orthogonal DMRS ports, support FD-OCC enhancement.

Proposal 2: As sparser frequency allocation or FDM leads to performance degradation at high channel delay spreads and has a higher specification impact, it is preferred not to support this enhancement.

Proposal 3: Since time-domain-based enhancements are applicable only for certain DMRS configurations, they are not well suited for increasing orthogonal DMRS ports.
Enhancement of FD-OCC for DMRS type 1 and DMRS type 2

The enhancement of FD-OCC for DMRS type 1 and type 2 involves the following:
· The CDM sequence length, which is equal to 2 for legacy DMRS, shall be increased according to the DMRS type. For DMRS type 1, a CDM length of 4 or 6 can be used. For DMRS type 2, a CDM length of 4 can be used.
· The CDM sequence is applied sequentially along DMRS resource elements in a given symbol comprising DMRS.
· The time-domain OCC is unchanged.
FD-OCC for DMRS type 1

For DMRS type 1, CDM lengths of 4 and 6 are applicable. FFT-based or Hadamard-based CDM sequences can be used for this purpose. For a given port, the CDM sequence for the frequency domain  would be an -length sequence obtained from a row or a column of an FFT matrix or a Hadamard matrix of size . For a CDM sequence of length , both FFT and Hadamard matrices can be used, while for , an FFT matrix is used. Various matrices  from which the CDM sequences  for a given port can be extracted are provided below:








It is to be noted that the number of DMRS REs per PRB for DMRS type 1 is 6. For an integer number of CDM sequence applications and hence the orthogonality of the CDM-ed DMRS ports, the total number of DMRS REs across all PRBs should be a multiple of the CDM sequence length . Therefore, using  with FFT-based CDM is applicable for any number of PRB allocation. On the other hand, using  with FFT-based or Hadamard-based CDM means that the number of allocated PRBs should be even for ports within a CDM group to be orthogonal. Therefore,  with FFT-based CDM sequence or  with FFT- or Hadamard-based sequence are the preferred FD-OCC enhancements for DMRS type 1.

Proposal 4: For DMRS type 1, FFT-based CDM sequences of length  or FFT- or Hadamard-based sequences of length  are the preferred FD-OCC enhancements.

FD-OCC for DMRS type 2

DMRS Type 2 comprises 4 DMRS REs per PRB in a DMRS symbol. Therefore, FFT- or Hadamard sequences with  is the preferred FD-OCC enhancement. Other values of  are not required so as to keep the specification impact minimal.

Proposal 5: For DMRS type 2, use FFT- or Hadamard-based CDM sequences of length .

Number of DMRS ports and the number of ports per CDM group

With the above proposed enhancements for DMRS type 1 and type 2, the number of orthogonal DMRS ports per CDM group is at least doubled. A summary of the DMRS configuration parameters based on the new CDM sequences is provided in the table below.

Table-1: Summary of the proposed FD-OCC enhancements for DMRS type 1 and type 2

	DMRS type
	Length of CDM sequence 
	Applicable type of sequence
	Number of ports per CDM group for single symbol DMRS
	Total number of DMRS ports for single and double-symbol DMRS
	Comments

	1
	4
	Hadamard or FFT
	4
	16
	Applicable only for an even number of allocated PRBs

	1
	6
	FFT
	6 
	24
	A subset of 4 sequences from the available 6 can be chosen to have only 4 orthogonal ports per CDM group, thereby just doubling the number of orthogonal ports.

	2
	4
	Hadamard or FFT
	4
	24
	-



Sparser frequency allocation or FDMed DMRS type-1 and type-2 REs

As proposed earlier, sparser frequency allocation is not recommended for specification. However, for evaluation purposes, the DMRS configuration resulting from such an enhancement is analysed in the following.

The common proposal from multiple proponents is to reduce the number of DMRS REs in a symbol by half. In the case of a FDM-ed DMRS type 1, three DMRS REs per symbol and for FDM-ed DMRS type 2, two DMRS REs per symbol are present. While OCC of length  as in legacy DMRS can be applied for FDM-ed DMRS type 2, for FDM-ed DMRS type 1, an OCC with  would be applicable only with an even number of PRBs. Therefore, OCC with  using a FFT-based sequences is preferred for FDM-ed DMRS type 1. 

Proposal 6: To evaluate the performance of FDM-ed DMRS (or DMRS with sparser frequency allocation),
· For FDM-ed DMRS type 1, use CDM length .
· For FDM-ed DMRS type 2, use CDM length .
The reduction in the number of DMRS REs per symbol results in an increase of the number of CDM groups in the DMRS configuration. In the case of type 1, it may result in an increase in the number of ports per CDM group. A summary of the possible DMRS configurations with sparser frequency allocation is provided in the table below.

Table-2: Summary of sparser frequency allocation (or FDM) enhancements for DMRS type 1 and 2

	DMRS type
	Total number of CDM groups
	Length of CDM sequence 
	Applicable type of sequence
	Number of ports per CDM group for single symbol DMRS
	Total number of DMRS ports for single and double-symbol DMRS
	Comments

	1
	4
	2
	Hadamard or FFT
	2
	16
	Applicable only for an even number of allocated PRBs

	1
	4
	3
	FFT
	3
	24
	-

	2
	6
	2
	Hadamard or FFT
	2
	24
	-



Simulation results

Link level simulations were performed for various MU-MIMO scenarios to obtain the BLER and throughput performances of the various DMRS enhancements. The following cases are considered for MU-MIMO scheduling:
· U1: Target user scheduled with  DMRS ports. The  port(s) are in the same CDM group.
· U2: Target user scheduled with  DMRS ports. The  port(s) are from two different CDM groups.
· I1: All the interfering users scheduled are in the same CDM group as the target user. Each interfering user is scheduled with  DMRS port(s).
· I2: All the interfering users are scheduled in different CDM group(s) from that of the ports of the target user. Each interfering user is scheduled with  DMRS port(s).
· I3: Some interfering users are in the same CDM group(s) as that of the ports of the target user. Each interfering user is scheduled with  DMRS ports.
In addition, the number of CDM groups without data is adjusted in each scheduling scenario. As the number of ports within a given CDM group is increased with FD-OCC and the number of DMRS REs per symbol is decreased in FDM, adjusting the number of CDM groups without data provides space for more data to be transmitted to the UE. The variable ‘CGwD’ is used to indicate the number of CDM groups without data in the plots. The type of sequence used for FD-OCC is also provided in the plots. ‘F-FD-OCC’ indicates a FFT-based CDM application with  and ‘H-FDD-OCC’ indicates a Hadamard-based CDM application with . The simulation parameters and the plots (Fig. 3-9) are provided in the Appendix (section 9). The observations from the results are as follows.
· The performance of FD-OCC with both Hadamard- and FFT-based CDM sequences is very similar to that of legacy DMRS for a given number of ports. When interfering users are present in a different CDM group from that of the target user, FD-OCC has a slight edge over legacy DMRS. On the other hand, legacy DMRS performs marginally better when an interfering user is present in the same CDM group as that of the target user. Even these negligible differences in the performances between legacy DMRS and FD-OCC is reduced as the number of layers from interfering users increases.
· FDM’s performance is expectedly worse than legacy DMRS and FD-OCC. The performance difference widens with increasing number of interference layers. A 0.5 dB loss can be seen in the case of 4 interference layers at lower BLERs. When the number of CDM groups without data is reduced, the improvement in performance is meagre. The performance degradation for FDM in the presence of higher interference and higher delay spread is expected to be higher.
· The throughput comparisons are performed with adaptive rank and MCS and double symbol DMRS. Two UEs are scheduled together with up to 4 layers for each UE. As indicated in the plots, each UE is scheduled in separate CDM groups. Since all 8 ports can be occupied in the case of legacy DMRS, the number of CDM groups without data is set to 2. In the case of FD-OCC, since there are 8 ports per single symbol DMRS, it is possible to squeeze up to a total of 8 ports of different UEs in one CDM group. This results in the increased throughput when the number of CDM groups without data is reduced to 1. The performance, otherwise, is almost identical to that of legacy DMRS. In the case of FDM, with 4 different CDM groups, a total of 3 ports per CDM group and a maximum of 4 layers per UE, a minimum of 3 CDM groups are occupied. The simulation is set up with 4 CDM groups without data resulting in about 1.5-2 dB loss in terms of the throughput, even with pedestrian UE velocity and low delay spread. The drop in channel estimation quality due to reduced DMRS density heavily influences the throughput in the case of FDM.
Observation 2: There are only negligible differences in the BLER performance between FD-OCC and legacy DMRS depending on the scheduling of the interference. The differences are further reduced with increasing number of interfering users or layers.

Observation 3: BLER performance of FDM (sparser frequency allocation) is expectedly worse than that of legacy DMRS and FD-OCC. The performance gap widens with increasing interference.

Observation 4: FD-OCC has almost identical performance in terms of throughput with that of legacy DMRS when the interference scheduling and the number of CDM groups without data is kept constant. 

Observation 5: With higher number of ports available in the same CDM group, squeezing multiplexed users within the same CDM group and reducing the number of CDM groups without data yields considerable throughput gains with FD-OCC.

Observation 6: With FDM, the drop in channel estimation quality reflects in 1.5-2 dB loss in terms of the throughput even with low delay spread and pedestrian UE velocity.
Port indication for increased number of DMRS ports

Due to the increase in the number of DMRS ports, the DCI indication of the DMRS ports for PDSCH and PUSCH need to be enhanced. In our view, retaining or reusing much of the legacy DMRS port indication is not only attractive for backward compatibility purposes, but also for lower specification workload. The following options for port indication can be considered:
· The DMRS ports indication can be performed in the DCI using legacy DMRS ports tables. The indicated port indices may be mapped from one value to another, i.e., a port index applicable only for legacy DMRS can be to a port index applicable for Rel. 18 DMRS, based on the DMRS enhancement used.
· An additional field can be included in the DCI for the indication of Rel. 18 DMRS ports. The legacy ports field in the DCI can be used to indicate port indices up to 7 for DMRS type 1 and 11 for DMRS type 2. An additional field can be included in the DCI to indicate the newly added port indices in Rel. 18. This additional field can be based on legacy tables along with port-mapping.
In addition to the above changes in the port indication, the number of CDM groups without data for the enhanced DMRS configurations has to be modified to reflect the newly added port indices to each CDM group. Since a higher number of ports can be included within a given CDM group, the total number of CDM groups that the UE may be required to rate-match against is typically reduced. The UE can be enabled to reduce the number of CDM groups without data in comparison with Rel. 17 automatically based on the port indices used for the Rel. 18 DMRS via fixed specification rules or network indication.

Proposal 7: Consider the following options for Rel. 18 DMRS port indication:
· Indication of ports using legacy DMRS ports tables along with a mapping of all or a subset of the indicated port indices from one value to another, i.e., map a port index applicable only for legacy DMRS to a port index for Rel. 18 DMRS, based on the CDM enhancement.
· Inclusion of an additional field for the indication of Rel. 18 DMRS ports.
Conclusion

The following observations and proposals are made in the discussions in this contribution. 

Observation 1: The code-division multiplexing of DMRS ports until Rel. 17 is performed using orthogonal cover code sequences of length 2 – [+1 +1] and [+1 -1], thereby resulting in two orthogonal ports per CDM group with single-symbol DMRS for both DMRS configuration type 1 and type 2. 

Proposal 1: For increased number of orthogonal DMRS ports, support FD-OCC enhancement.

Proposal 2: As sparser frequency allocation or FDM leads to performance degradation at high channel delay spreads and has a higher specification impact, it is preferred not to support this enhancement.

Proposal 3: Since time-domain-based enhancements are applicable only for certain DMRS configurations, they are not well suited for increasing orthogonal DMRS ports.

Proposal 4: For DMRS type 1, FFT-based CDM sequences of length  or FFT- or Hadamard-based sequences of length  are the preferred FD-OCC enhancements.

Proposal 5: For DMRS type 2, use FFT- or Hadamard-based CDM sequences of length .

Proposal 6: To evaluate the performance of FDM-ed DMRS (or DMRS with sparser frequency allocation),
· For FDM-ed DMRS type 1, use CDM length .
· For FDM-ed DMRS type 2, use CDM length .
Observation 2: There are only negligible differences in the BLER performance between FD-OCC and legacy DMRS depending on the scheduling of the interference. The differences are further reduced with increasing number of interfering users or layers.

Observation 3: BLER performance of FDM (sparser frequency allocation) is expectedly worse than that of legacy DMRS and FD-OCC. The performance gap widens with increasing interference.

Observation 4: FD-OCC has almost identical performance in terms of throughput with that of legacy DMRS when the interference scheduling and the number of CDM groups without data is kept constant. 

Observation 5: With higher number of ports available in the same CDM group, squeezing multiplexed users within the same CDM group and reducing the number of CDM groups without data yields considerable throughput gains with FD-OCC.

Observation 6: With FDM, the drop in channel estimation quality reflects in 1.5-2 dB loss in terms of the throughput even with low delay spread and pedestrian UE velocity.

Proposal 7: Consider the following options for Rel. 18 DMRS port indication:
· Indication of ports using legacy DMRS ports tables along with a mapping of all or a subset of the indicated port indices from one value to another, i.e., map a port index applicable only for legacy DMRS to a port index for Rel. 18 DMRS, based on the CDM enhancement.
· Inclusion of an additional field for the indication of Rel. 18 DMRS ports.
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Appendix
Simulation parameters for LLS with MU-MIMO
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, CP-OFDM

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B, 30ns DS and 3 kmph UE velocity

	Allocation bandwidth 
	10MHz 

	BS antenna configuration 
	32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	Precoding method and precoding granularity 
	ZF with 4 PRB granularity

	DMRS type 
	Type 1 and its enhancements (FD-OCC and FDM) 

	DMRS mapping type 
	Mapping type A

	Channel estimation 
	Realistic

	Receiver type 
	MMSE

	MCS used for BLER results
	16QAM, code rate = 0.4785

	MCS for throughput results
	Adaptive rank and MCS














Link-level simulation results
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	Figure 3: BLER vs SNR for 4 co-scheduled MU-MIMO users with 4 ports per UE
	Figure 4: BLER vs SNR for 4 co-scheduled MU-MIMO users with 4 ports per UE
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	Figure 5: BLER vs SNR for 2 co-scheduled MU-MIMO users with 2 ports per UE
	Figure 6: BLER vs SNR for 2 co-scheduled MU-MIMO users with 2 ports per UE
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	Figure 7: BLER vs SNR for 4 co-scheduled MU-MIMO users with 1 port per UE
	Figure 8: BLER vs SNR for 4 co-scheduled MU-MIMO users with 1 port per UE
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	Figure 9: Mean user throughput versus SNR with adaptive MCS and rank. Maximum of 4 layers per UE, 2 front-load symbols and 0 DMRS additional positions.


[bookmark: _GoBack]
image6.png
Block Error Rate

orts per UE, 2 co-scheduled UEs, 2 FL sym., 0 Add. Pos.
100%1& per . : ym.,

107"
102
—6—Legacy,U1-12,CGwD=2
1073 - |—©— Legacy,U1-11,CGwD=1
- 8 -F-FD-OCC,U1-11,CGwD=1
- 8 -H-FD-OCC,U1-11,CGwD=1
=P~ FDM,U1-13,CGwD=2
10
) 4 2 0 2 4

SNR [dB]




image7.png
Block Error Rate

100 ports per UE, 4 co-scheduled UEs, 1 FL sym., 0 Add. Pos.

<.

<
o

—6—Legacy,U1-13,CGwD=2

— 8 -F-FD-OCC,U1-12,CGwD=2
- 8 -H-FD-OCC,U1-12,CGwD=2
=P FDM,U1-12,CGwD=4
== FDM,U1-12,CGwD=2

4

2

SNR [dB]

0





image8.png
Block Error Rate

100 ports per UE, 4 co-scheduled UEs, 1 FL sym., 0 Add. Pos.

107" ]
102 ]
—e—Legacy,U1-13,CGwD=2
— 8 -F-FD-OCC,U1-11,CGwD=2
— 8 -H-FD-OCC,U1-11,CGwD=2
103 |- 8 —=F-FD-OCC,U1-11,CGwD=1
- 8 -H-FD-OCC,U1-11,CGwD=1
===~ FDM,U1-13,CGwD=2
P~ FDM,U1-13,CGwD=2
10
6 4 2 0 2 4

SNR [dB]




image9.png
Mean user throughput (Mbps)

220 -
200 -
180
160 [
140 |
120

100 [

80

60

40

20

2 co-scheduled UEs, Adaptive MCS and rank

—&—Legacy,U1-12,CGwD=2
—&— F-FD-OCC,U1-12,CGwD=2
—+—FDM,U2-12,CGwD=4
—+—F-FD-OCC,U1-12,CGwD=1

-10

-5 0 5 10
SNR [dB]

15

20

25

30




image1.png
Subcarriers

Subcarriers

Type 1, Port 1000, single symbol

2 4 6 8 10 12 14

Symbols
Type 1, Port 1004, single symbol

2 4 6 8 10 12 14

Symbols

Subcarriers

N A OO

Subcarriers

N A OO

12

12

Type 1, Port 1001, single symbol

2 4 6 8 10 12 14

Symbols
Type 1, Port 1005, single symbol

2 4 6 8 10 12 14

Symbols





image2.png
Subcarriers

Subcarriers

Type 1, Port 1000, double symbol

E

Type 1, Port 1004, double symbol

6

8
Symbols

10

12

14

i

6

8
Symbols

10

12

14

Subcarriers

N A OO

Subcarriers

N A OO

12

12

Type 1, Port 1001, double symbol

2 4 6 8 10 12 14
Symbols

Type 1, Port 1005, double symbol

2 4 6 8 10 12 14

Symbols





image3.png
Block Error Rate

Ooagorts per UE, 2 co-scheduled UEs, 2 FL sym., 0 Add. Pos.

<.

<
o

107

—e—Legacy,U2-11,CGwD=2
- 8 - F-FD-0CC,U1-12,CGwD=2 A
- 8 - H-FD-OCC,U1-12,CGwD=2 >
- FDM,U2-13,CGwD=4

2 4 6 8 10
SNR [dB]




image4.png
Block Error Rate

Oozaports per UE, 2 co-scheduled UEs, 2 FL sym., 0 Add. Pos.

<.

<
o

107

—6— Legacy,U2-11,CGwD=2
- 8 -F-FD-OCC,U1-11,CGwD=1
- 8 -H-FD-OCC,U1-11,CGwD=1
P~ FDM,U2-13,CGwD=3
—6—Legacy,U1-12,CGwD=2

2 4 6 8 10
SNR [dB]




image5.png
100aports per UE, 2 co-scheduled UEs, 2 FL sym., 0 Add. Pos.

o 10" ]
©
14
g
i
X
[5]
o
o ,,2f 1
10| | —e—Legacy,U1-12,CGwD=2
- 8 - F-FD-0CC,U1-12,CGwD=2
- 8 -H-FD-OCC,U1-12,CGwD=2
===~ FDM,U1-12,CGwD=4
=== FDM,U1-12,CGwD=2
10
6 4 2 0 2 4

SNR [dB]




