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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID of NR MIMO enhancements for Rel-18 related to the DMRS enhancement is [1]: 
	3. 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

5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



In this contribution, we discuss the DMRS enhancement for larger number of orthogonal DMRS ports and 8TX UL operation.

[bookmark: _Ref129681832]Larger number of orthogonal DMRS ports
Motivation
With the explosive growth of 5G equipment (e.g., up to 128Tx gNB / 8Rx UE) and the development of high data rate services (e.g., XR applications), the increase of the number of transmission layers is becoming the mainstream of MIMO evolution. Moreover, the developing of advanced signal processing technologies also enable the transmission with higher layers. Therefore, larger number of DMRS ports is definitely needed.
For instance, in DL coherent joint transmission (CJT) scenarios, more users are possibly scheduled by MU transmission. As shown in Figure 1, considering CJT scenario with 64Tx gNB, the paired layer has almost 50% probability to be over 12 at RU=0.7. Detailed simulation assumptions can be found in Appendix A. This probability can be even larger with 128 or more transmission antennas at gNB side. In UL industry scenario, coherent joint reception (CJR) has higher probability to be enabled, which also leads to more transmission layers. Obviously the applications described above pose strong demand on larger number of DMRS ports.
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Figure 1. Paired layers distribution under sTRP and CJT

However, current NR standard only supports up to 12 orthogonal DMRS ports. For supporting more DMRS ports, one possible method is to use scrambling IDs to generate non-orthogonal DMRS ports. For example, for Type 2 DMRS configuration, up to 24 non-orthogonal DMRS ports can be obtained by modifying the  during sequence generation. Disappointingly, considering the practical non-ideal CSI measurement (e.g., SRS periodicity and channel estimation error, PMI feedback delay and quantization loss, etc.), this method will bring high interference, especially in the scenario of high user correlation.
Figure 2 shows the DL BLER performance for 16 layers with Type1 DMRS and 24 layers with Type2 DMRS. The simulation parameters can be found in Appendix B. The channel measurement result used for MU precoding on the gNB side is based on the real channel estimation. The performance of the following three schemes are compared:
A. Ideal DMRS channel estimation: The ideal channel information can be obtained at the receiver.
B. Perfect orthogonal DMRS ports with real channel estimation: The expanded orthogonal DMRS ports and the legacy orthogonal DMRS ports have the same pattern and are free from mutual interference.
C. Non-orthogonal DMRS ports with real channel estimation: Non-orthogonal DMRS ports generated by using different . For Type1 DMRS, 8 ports correspond to , the other 8 ports correspond to ; for Type2 DMRS, 12 ports correspond to , the other 12 ports correspond to .
It can be observed that the scheme C suffers from severe performance loss. For Type1 DMRS in Figure 2(a), the performance loss are about 3dB compared with scheme B and even 4.5dB compared with scheme A; for Type2 DMRS in Figure 2(b), the performance loss are about 3.5dB compared with scheme B and even 5dB compared with scheme A.
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(a) Type1 DMRS                                            (b) Type2 DMRS
Figure 2. The performance of non-orthogonal DMRS ports generated by different value of  

In terms of UL, impact brought by non-orthogonality is even more disastrous. Owing to the large number of Rx antennas at the gNB side, multi-user interference cancelation can be achieved, which relies on the estimation accuracy of equivalent channels. Under relatively high estimation accuracy, the interference from other layers can be effectively suppressed and the performance can be improved. However, poor estimation quality may in turn make the interference cancelation process harmful to the performance.
Figure 3 shows UL system-level simulation results for 24 layers with Type2 DMRS under IIOT scenario, where all TRPs perform CJR. The simulation parameters can be found in Appendix C. Similarly, the performance of the following three schemes are compared:
A. Ideal DMRS channel estimation
B. Perfect orthogonal DMRS ports with real channel estimation
C. Non-orthogonal DMRS ports with real channel estimation
The baseline is the throughput under 12 layers using legacy orthogonal DMRS ports with real channel estimation. It can be observed that the throughput of scheme B under 24 layers are 1.75x and 1.85x respectively compared with the baseline. However, the throughput of scheme C under 24 layers are 0.67x and 0.62x respectively compared with the baseline, which confirms the harmfulness of non-orthogonality.

Figure 3 The throughput gains of orthogonal DMRS expanding in IIoT 

According to the analysis above, in order to support larger number of DMRS ports and obtain superior performance, the orthogonality between DMRS ports should be maintained. 
Observation 1: Larger number of orthogonal DMRS ports should be supported for both DL and UL.
Besides the intuitive increase of orthogonal DMRS ports based on 2-symbol DMRS pattern, taking the overhead of 2-symbol DMRS into account, the increase of orthogonal DMRS ports based on 1-symbol DMRS pattern should also be considered. For example, a typical DL slot contains 2-symbol PDCCH, and the remaining 12 symbols are used to map the PDSCH and DMRS. Compared with 1-symbol DMRS, the extra overhead introduced by 2-symbol DMRS will lead to nearly 10% throughput loss. The throughput loss can be even larger when the number of scheduled data symbols is smaller. 
Figure 4 shows the performance of the following two schemes:
A. 1-symbol perfect orthogonal DMRS ports with real channel estimation
B. 2-symbol legacy orthogonal DMRS ports with real channel estimation
The simulation parameters can be found in Appendix D. The total number of orthogonal DMRS ports supported by scheme A and B are the same. Attribute to the extra 1-symbol resource for data transmission as well as the similar channel estimation quality, scheme A can obtain 8~9% throughput gain compared with scheme B, which adequately proves the necessity of increasing orthogonal DMRS ports based on 1-symbol DMRS pattern.
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Figure 4. The performance of 1-symbol DMRS with port expansion and 2-symbol DMRS

Observation 2: Larger number of orthogonal DMRS ports should be supported for both single- and double-symbol DMRS. 
Taking all the analysis above into consideration, we have the following proposal:
Proposal 1: Support larger number of orthogonal DMRS ports for both single- and double-symbol DMRS under DL and UL MIMO scenario.

Potential enhancements
Firstly, the design principle of orthogonal DMRS ports expansion is discussed below.
One straightforward way to expand the number of orthogonal DMRS ports is to increase the time and frequency resources occupied by DMRS. However, in this way the overhead of DMRS is increased and the available resource for PXSCH is reduced, which will inevitably lead to the throughput degradation and should be avoided. Therefore, the orthogonal DMRS ports expansion should be executed without increasing extra overheads.
NR DMRS has a unified design for both UL/DL and 1-symbol/2-symbol DMRS, which ensures uniform performance under different configurations and is friendly to the development of system. The same principle should be considered in terms of the orthogonal DMRS ports expansion. Note that a certain proportion of UEs in the network only support Rel-15 DMRS, which means they cannot identify the new DMRS design. Therefore, the expanded DMRS ports need to be carefully designed to avoid interfering legacy ports. In order to ensure the scheduling flexibility, the compatibility between the expanded DMRS ports and the legacy ports should be considered.
Based on the discussion above, we have the following proposal:
Proposal 2: Design principle for larger number of orthogonal DMRS ports: 
· Without increasing extra overhead
· Unified design for both UL/DL and 1-symbol/2-symbol DMRS
· Compatible with legacy DMRS ports

For potential enhancements design for larger number of orthogonal DMRS ports, 3 options can be considered:
· Option 1: FD-OCC enhancement.
· Option 2: FDM enhancement
· Option 3: TD-OCC enhancement
Following is the brief analysis of above options:

2.2.1	Option 1: FD-OCC enhancement
The first option is FD-OCC enhancement. A 2-level OCC scheme is proposed, which consists of inner cover code and outer cover code. The outer cover code aims to ensure the orthogonality between the expanded DMRS ports and legacy DMRS ports, while the inner cover code aims to ensure the orthogonality among expanded DMRS ports as well as the orthogonality among legacy DMRS ports. 
Specifically, the expanded DMRS ports remains the same pattern as the legacy DMRS ports in terms of the time and frequency resource occupied. As shown in Figure 5, where 1RB with 12 subcarriers and 2-symbol DMRS are chosen as an example, the legacy DMRS ports in a specific CDM group are presented in green on the left side, while the expanded DMRS ports in the same CDM group are presented in pink on the right side. For each CDM group, four DMRS ports are multiplexed on four adjacent REs through inner cover code, which are represented by {c1, c2, c3, c4} and {w1, w2, w3, w4} for legacy and expanded DMRS ports, respectively. The length-4 inner cover codes for four legacy DMRS ports are formed by length-2 FD-OCC as well as length-2 TD-OCC and are orthogonal to each other. Similarly, the length-4 inner cover codes for four expanded DMRS ports should also keep orthogonal to each other. The orthogonality between the expanded DMRS ports and legacy DMRS ports is ensured by outer cover codes circulated in blue, which can be viewed as {+1, +1, …} for legacy DMRS ports. As a result, sequences orthogonal to {+1, +1, …} need to be considered for the outer cover code design of expanded DMRS ports. For 1-symbol DMRS, similar design can be adopted to support double DMRS ports. The only difference is that the inner cover code is the length-2 FD-OCC.
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Figure 5. Instance of option 1:  FD-OCC enhancement

For the proposed 2-level OCC scheme, the outer cover code design can be regarded as a further extension of FD-OCC. In frequency domain, the length of FD-OCC is increased from 2 to n (length-n FD-OCC is formed by the out cover code and the length-2 FD-OCC corresponding to the inner cover code). For the 2-symbol DMRS, the length-2 TD-OCC is further combined with the length-n FD-OCC, which equivalently forms the length-2n OCC. Through the formed length-n and length-2n OCC for 1-symbol and 2-symbol DMRS respectively, the orthogonality between the expanded DMRS ports and legacy DMRS ports can be guaranteed on the n subcarriers occupied by DMRS ports. 
By utilizing the DFT-vector-like outer cover code, the proposed 2-level OCC scheme can easily keep compatibility with DFT-based channel estimation in delay domain, which is widely used in NR systems with low implementation complexity. After the OCC decoding based on the inner cover code, the outer cover code enables the channel corresponding to the legacy and expanded DMRS port to be separated in delay domain with cyclic shift manner.
Observation 3: FD-OCC enhancement should be considered when supporting larger number of orthogonal DMRS ports.

2.2.2	Option 2: FDM enhancement
The second option is FDM enhancement. By increasing the number of CDM groups, the number of orthogonal DMRS ports can be increased. 
As shown in Figure 6, 1-symbol DMRS is chosen as an example to illustrate FDM enhancement, where different colors represent different CDM groups. The pattern supported by current spec is shown on the left side, while the potential FDM enhancement pattern which doubles the number of CDM groups is shown on the right side.
For FDM enhancement, there exists an unavoidable issue need to be addressed, that is how to keep compatibility between legacy and expanded DMRS ports.
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Figure 6. Instance of option 2: FDM enhancement

Observation 4: The compatibility issue of FDM enhancement need to be further studied.

2.2.3	Option 3: TD-OCC enhancement
The third option is TD-OCC enhancement. By adopting different time-domain orthogonal cover code, the expanded DMRS ports can be orthogonally multiplexed with the legacy DMRS ports.
To support TD-OCC enhancement, a natural way is to reuse the additional DMRS supported by the current spec. By applying the time-domain orthogonal cover code on both front-loaded and additional DMRS, the orthogonality between legacy and expanded DMRS ports can be ensured.  As shown in Figure 7, Type1 1-symbol front-loaded DMRS with additional DMRS is chosen as an example to illustrate TD-OCC enhancement. The time-domain cover code of the legacy DMRS ports on front-loaded and additional DMRS symbol are {+1, +1}, while that of expanded DMRS ports are {+1, -1}.
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Figure 7. Instance of option 3: TD-OCC enhancement

However, the TD-OCC enhancement is available only when the additional DMRS is configured, which poses a relatively strong limitation on configuration flexibility and may lead to performance loss due to the overhead of additional DMRS. Besides, one of the main application scenarios of additional DMRS is high-speed scenario, under which the TD-OCC also cannot work well.
Observation 5: TD-OCC enhancement poses limitation on configuration flexibility, may lead to performance loss and cannot work well under high-speed scenario.

Based on all the analysis above, we have the following proposal:
Proposal 3: FD-OCC enhancement should be considered when supporting larger number of orthogonal DMRS ports.

For UEs with large delay spread
The orthogonality between DMRS ports is one of the most important factors that will influence the system performance, which can be easily broken facing the severe frequency-selective fading caused by large delay spread. Specifically, for the option 1 introduced in section 2.2.1, the orthogonality between the expanded DMRS ports and legacy DMRS ports is ensured by the outer cover code, which requests the frequency response of channel is relatively flat among several subcarriers (up to 8 subcarriers for Type 2 DMRS). Similar to option 1, the option 2 also puts forward the requirement on the flatness of channel among several subcarriers (up to 7 subcarriers for Type2 DMRS). These certainly cannot be guaranteed considering the potential large delay spread.
Here the variation tendency of the frequency response of channel is shown in Figure 8, where CDL-B channel model with delay spread equals 1000ns is chosen as an example. It can be seen that the frequency response of channel varies violently even within one PRG, which dissatisfies the flatness requirement of channel and will lead to significant channel estimation loss.
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Figure 8. Amplitude and phase change of frequency channel response in PRG=4RB

The interference between the legacy and expanded DMRS ports will be introduced when the orthogonality between them doesn’t exist anymore. By presenting the interference in delay domain, the influence of large delay spread can be observed more intuitively.  As described in section 2.2.1, thanks to the outer cover code, the channel corresponding to the legacy and expanded DMRS port can be separated in delay domain with cyclic shift manner. As shown in Figure 9, the amplitude of the corresponding delay-domain channel of a legacy DMRS port and an expanded DMRS port is presented. Both DMRS ports belong to the same CDM group and adopt the same inner cover code. The delay-domain channel corresponding to legacy DMRS port in black and the delay-domain channel corresponding to expanded DMRS port in red are separated by the DFT-vector-like outer cover code. Here the outer cover code adopted by legacy and expanded DMRS port are {1, 1, 1, 1, …} and {1, 1, -1, -1, …} respectively. It can be obtained that some delay paths of the channel corresponding to two ports are overlapped, which will destroy the orthogonality and incur performance loss.
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Figure 9. Multiplexing Power delay profile, CDL-B channel model, DS=800ns, scheduled bandwidth=8 RBs

In order to evaluate the influence of the non-orthogonality introduced by large delay spread, the link-level simulation under different delay spread is conducted and the simulation result is shown in Figure 10. The simulation parameters can be found in Appendix E. The performance of the following three schemes are compared:
A. Ideal DMRS channel estimation
B. FD-OCC enhancement with real channel estimation
C. Non-orthogonal DMRS ports with real channel estimation
It can be observed that the performance of scheme B and C is similar under high delay spread, both of which have a huge performance loss compared with scheme A.  
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(a) DS=300ns                                                          (b) DS=1000ns
Figure 10. FD-OCC performance with 8-length Walsh code under different channel delay spread

Observation 6: The performance is degraded if UEs with large delay spread are paired in MU-MIMO.
Taking all the analysis above into consideration, it can be concluded that the large delay spread will break the orthogonality, introduce interference and finally lead to performance degradation. The interference may become more severe if the same inner cover code is adopted by the legacy and expanded DMRS ports. In order to mitigate the negative influence of large delay spread, the interference handling need to be considered. 
One candidate direction is interference randomization by proper inner cover code design, which follows similar principle to non-orthogonal DMRS ports expansion utilizing different . By interference randomization, the performance deterioration caused by severe interference between the legacy and expanded DMRS ports can be mitigated.
The other candidate direction is interference avoidance by flexible delay domain multiplexing. By choosing flexible delay domain multiplexing ratio, DMRS ports corresponding to delay-domain channel with large delay spread can be multiplexed with less DMRS ports, while DMRS ports corresponding to delay-domain channel with small delay spread can be multiplexed with more DMRS ports. Specifically, by proper outer cover code, the number of expanded DMRS ports for different CDM groups can be flexibly allocated.
Taking all the analysis above into consideration, we have the following proposal:
Proposal 4: The impact of UEs with large delay spread should be considered when supporting larger number of orthogonal DMRS ports. 

DMRS enhancement for 8TX UL operation
Motivation
As discussed in section 2.1, the increase of the number of transmission layers is becoming the mainstream of MIMO evolution and the developing advanced signal processing technologies also enable the transmission with higher layers. However, only up to 4 layers for UL SU-MIMO is supported in current spec, which doesn’t conform to the evolution tendency and waste the capability of the some UE with up to 8Tx.
As shown in Figure 11 and 12, the percentage of UL transmission rank being larger than 4 is about 60% and 70% when the RU equals to 0.4 and 0.85 respectively for 8Tx UE under 3dUma scenario. The simulation parameters can be found in Appendix F. This phenomenon is similar under CPE/FWA scenarios. These results clearly show that supporting UL transmission with more than 4 layers is necessary in terms of satisfying the emerging requirement.  
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Figure 11 UL rank at RU = 0.4
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Figure 12 UL rank at RU = 0.85

Proposal 5: Support more than 4 layers for 8Tx UL transmission.

The design principle of DMRS enhancements
For 8Tx UL transmission, the maximum number of UL DMRS ports is up to 8 under SU-MIMO scenario, which means the UL DMRS table for rank 5~8 should be designed. In current spec DL DMRS table for rank 5~8 has already been supported, which can be reused or treated as a reference. 
Proposal 6: UL DMRS table for rank 5~8 should be designed and DL DMRS table can be reused or treated as a reference.

Conclusions
This contribution provides our views on the DMRS enhancement for larger number of orthogonal DMRS ports and 8TX UL operation.
Observation 1: Larger number of orthogonal DMRS ports should be supported for both DL and UL.
Observation 2: Larger number of orthogonal DMRS ports should be supported for both single- and double-symbol DMRS. 
Proposal 1: Support larger number of orthogonal DMRS ports for both single- and double-symbol DMRS under DL and UL MIMO scenario.
Proposal 2: Design principle for larger number of orthogonal DMRS ports: 
· Without increasing extra overhead
· Unified design for both UL/DL and 1-symbol/2-symbol DMRS
· Compatible with legacy DMRS ports
Observation 3: FD-OCC enhancement should be considered when supporting larger number of orthogonal DMRS ports.
Observation 4: The compatibility issue of FDM enhancement need to be further studied.
Observation 5: TD-OCC enhancement poses limitation on configuration flexibility, may lead to performance loss and cannot work well under high-speed scenario.
Proposal 3: FD-OCC enhancement should be considered when supporting larger number of orthogonal DMRS ports.
Observation 6: The performance is degraded if UEs with large delay spread are paired in MU-MIMO.
Proposal 4: The impact of UEs with large delay spread should be considered when supporting larger number of orthogonal DMRS ports. 
Proposal 5: Support more than 4 layers for 8Tx UL transmission.
Proposal 6: UL DMRS table for rank 5~8 should be designed and DL DMRS table can be reused or treated as a reference.

Appendix
Appendix A: System level simulation parameters for CJT scenario
Table 1 Simulation assumptions of SLS for number of layers in CJT scenario
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8), (dH, dV) = (0.5, 0.8) 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	5 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes.

	Traffic load (Resource utilization)
	70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 10 UE pre cell

	Precoding
	Distributed CJT precoding with 4RB granularity

	SRS channel estimation
	Ideal channel estimation

	DL DMRS channel estimation 
	Ideal channel estimation



Appendix B: Link level simulation parameters for larger number of orthogonal DMRS ports
Table 2 Simulation assumptions of LLS for DMRS enhancement 
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	 363ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 4, 8), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	MIMO scheme
	MU-MIMO

	Modulation
	16QAM 

	MCS
	MCS10/MCS5

	Bandwidth
	10MHz/24RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 or 3 per UE (rank fixed) 

	UE number
	8

	UE speed
	3km/h 

	Precoding granularity
	4RB

	Precoding method
	EZF

	SRS channel estimation
	DFT-based real channel estimation

	SRS periodicity
	5 ms

	DMRS
	Type 1/2 DMRS, double-symbol

	DL DMRS channel estimation
	MMSE channel estimation



Appendix C: System level simulation parameters for larger number of orthogonal DMRS ports
Table 3 Simulation assumptions of SLS for DMRS enhancement 
	Parameter
	Value

	Carrier Frequency
	2.6G

	Scenario
	IIOT

	TRP number
	18

	UE number
	6UE/TRP

	TRP antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 1, 2, 1, 1; 1, 1), (dH, dV) = (0.5, 0.5) 

	MIMO scheme
	MU-MIMO

	MCS
	AMC

	Bandwidth
	20MHz

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	UE speed
	3km/h 

	Precoding granularity
	48RB

	Scheduling granularity
	24RB

	Precoding method
	Codebook

	DMRS
	Type 2 DMRS, double-symbol

	Receiver
	E-MMSE-IRC

	Traffic model
	Full buffer

	UE distribution
	100% indoor

	Scheduler
	PF



Appendix D: Link level simulation parameters for larger number of orthogonal DMRS ports
Table 4 Simulation assumptions of LLS for DMRS enhancement 
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	 100ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 4, 8), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	MIMO scheme
	MU-MIMO

	MCS
	Link Adaption

	Bandwidth
	10 MHz/24RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 1 per UE (rank fixed) 

	UE number
	8

	UE speed
	3km/h 

	Precoding granularity
	4RB

	Precoding method
	EZF

	SRS channel estimation
	DFT-based real channel estimation

	SRS periodicity
	5 ms

	DMRS
	Type 1 DMRS, single/double-symbol

	DL DMRS channel estimation
	MMSE channel estimation



Appendix E: Link level simulation parameters for larger number of orthogonal DMRS ports
Table 5 Simulation assumptions of LLS for DMRS enhancement 
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	 100ns/300ns/1000ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 4, 8), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	MIMO scheme
	MU-MIMO

	MCS
	Link Adaption

	Bandwidth
	10MHz/24RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	Maximum rank = 2 (rank fixed) 

	UE number
	8

	UE speed
	3km/h 

	Precoding granularity
	4RB

	Precoding method
	EZF

	SRS channel estimation
	DFT-based real channel estimation

	SRS periodicity
	5 ms

	DMRS
	Type 1 DMRS, double-symbol

	DL DMRS channel estimation
	MMSE channel estimation



Appendix F: System level simulation parameters for 8Tx UL transmission
Table 6 Simulation assumptions of SLS for 8Tx UL
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8), (dH, dV) = (0.5, 0.8) 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (4,1,2,1,1,4,1), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	44 dBm

	BS antenna height
	25m

	BS receiver noise figure
	5dB

	UE Tx power
	23 dBm

	UE receiver noise figure
	7dB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	SU-MIMO with rank adaptation
Maximum rank = 8 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes.

	Traffic load (Resource utilization)
	40% / 85%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	BS receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 10 UE pre cell

	Precoding
	Non codebook based on SRS

	SRS periodicity
	5ms, 1/4 frequency hopping

	SRS channel estimation
	Ideal channel estimation

	UL DMRS channel estimation 
	Ideal channel estimation
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