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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#109e meeting, it has been agreed to specify increasing the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel.15 [1]. Moreover, potential solutions and simulation assumptions for designing a larger number of DMRS ports have been agreed as follows:
	Agreement
Specify to increase the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead. 
Strive to have common design of DMRS enhancement for PDSCH and PUSCH for a given DMRS Type. 

Agreement
The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports: 
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 8 DMRS ports. 
· Double symbol DMRS: 16 DMRS ports. 
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 12 DMRS ports. 
· Double symbol DMRS: 24 DMRS ports. 

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. 

Agreement
To increase the maximum number of DMRS ports for PDSCH/PUSCH compared to Rel.15 DMRS for CP-OFDM without increasing the DMRS overhead, 
Study whether/how to enable MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, as well as whether/how to enable MU-MIMO among Rel.18 DMRS ports, in the same or different CDM group. 

Agreement
To increase the maximum number of orthogonal DMRS ports for PDSCH/PUSCH larger than Rel.15,  
· Study whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports. 
· Study whether/how to reuse the antenna port indication table in 38.212 as much as possible for both PDSCH and PUSCH 
Study the potential need for MU scheduling restrictions in the design of the enhanced antenna port indication table in 38.212 for DL PDSCH. 

Agreement
LLS is used for objective #3 (increasing DMRS ports for MU-MIMO) in Rel.18 MIMO, while SLS can be used optionally. 

Agreement
LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Evaluated channel: PDSCH as baseline (Companies can additionally submit evaluation results of PUSCH). 
· Evaluation metric:  
· BLER for fixed MCS and rank as baseline 
· User throughput for adaptive MCS and rank as optional 
· MSE or NMSE of DMRS as optional 
· Evaluation baseline (i.e. compared with):  
· For evaluation of enhanced single-symbol DMRS, baseline refers to Rel.15 single-symbol DMRS or Rel.15 double-symbol DMRS. 
· For evaluation of enhanced double-symbol DMRS, baseline refers to Rel.15 double-symbol DMRS. 

Agreement
· For MU-MIMO LLS of PDSCH, for evaluation of SVD/CSI-codebook based sub-band precoding, companies shall report the pre-coding assumption of interference of co-scheduled UEs from the following: 
· Alt.1: calculated by pre-coder of channel of each co-scheduled UE. 
· For precoding assumption of PDSCH, precoder of target UE and precoder of co-scheduled UE are generated independently.
· Companies can report a set of azimuth and zenith angle offset used for evaluation (For example, azimuth angle offsets from [30 o, 60 o, 90 o] and zenith angle offset from [3o, 6o] can be considered).
· Alt.2: calculated by random pre-coder (i.e. precoder selected randomly from a predefined set of precoders) which is different from the pre-coder of target UE. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder is generated based on Hd to obtain the precoder for this UE only. The interference from co-scheduled UEs can be modelled as,  , wherein Wi can be randomly selected from a predefined set of precoders
· Companies shall report how to generate the predefined set of precoders for simulation.
· Alt.3: the same pre-coder as scheduled UE. 
· PDSCH interference and interfering DMRS ports are emulated using the same pre-coder as for the scheduled UE.
· Power offset of the co-scheduled UE is one value from {0dB, -3dB, -6dB} as fixed evaluation parameter. Other values are not precluded. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder for the target UE (denoted as Wd) is generated based on Hd only. Denote the precoding matrix/vector of the ith co-scheduled UEs as Wi, and Wi=Wd (Wi for all th co-scheduled UEs are same). Then the interference from co-scheduled UEs can be modelled as .​
For the above Alt.1-3, only PDSCH performance of the target UE is evaluated, while interference of both PDSCH and DMRS of co-scheduled UE(s) is simulated. 


For the supporting more than 4 layers SU-MIMO PUSCH, the following agreements have been achieved,
	Agreement
· Study the following potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH. 
· Extend DMRS port allocation table for rank 5~8 
· Note: DL DMRS table can be a reference 
· Enhancement for DMRS to PTRS mapping  
· Study whether to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH. 
· Note: the above study does not imply more than 4 layers SU-MIMO PUSCH is supported. 
· Note: other study for potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH is not precluded. 

Agreement
No EVM discussion is needed for objective #5 (>4 layers PUSCH DMRS) in AI 9.1.3.1 (DMRS) in Rel.18. 



In this contribution, we discuss the DMRS enhancement for a larger number of orthogonal DMRS ports and more than 4 layers SU-MIMO PUSCH for 8TX UL operation.

[bookmark: _Ref129681832]Larger number of orthogonal DMRS ports
Potential enhancements
In 109e meeting, potential solutions for designing a larger number of DMRS ports have been agreed as follows: 
· Opt.1: enhance FD-OCC.
· Opt.2: enhance TD-OCC.
· Opt.3: sparser frequency allocation (larger number of comb/FDM).
· Opt.4: using TDMed DMRS symbol (reusing additional DMRS symbols to increase orthogonal DMRS ports)
· Opt.5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM
For the potential solutions above, advantages and disadvantages, backward compatibility, and performance comparison are discussed as follows: 
2.1.1	Opt.1: enhance FD-OCC
In the agreement of RAN1#109e meeting, the description of Opt.1 is ‘Introduce larger FD-OCC length than Rel. 15 (e.g. 4 or 6)’. Here some detailed analysis are provided from our understanding.
For the Rel.15 DMRS, maximum of four DMRS ports are multiplexed in the same CDM group through OCC (FD-OCC 2+TD-OCC 2). It is straightforward that the Rel.18 DMRS ports are multiplexed on the same time and frequency resources as those of Rel.15 DMRS ports with different orthogonal cover code. To ensure orthogonality among doubled DMRS ports, the OCC design is of great importance.
As discussed in [2], the enhanced FD-OCC can be treated as a two-level OCC consisting of an inner cover code and an outer cover code. The outer cover code aims to ensure the orthogonality between Rel.18 DMRS ports and Rel.15 DMRS ports, while the inner cover code aims to ensure the orthogonality among Rel.18 DMRS ports as well as the orthogonality among Rel.15 DMRS ports. 
Specifically, as shown in Figure 1, where 1RB with 12 subcarriers and 2-symbol DMRS are chosen as an example, the Rel.15 DMRS ports in a specific CDM group are presented in green on the left side, and the Rel.18 DMRS ports in the same CDM group are presented in pink on the right side. For each CDM group, four Rel.15 DMRS ports are multiplexed on four adjacent REs through inner cover codes represented by c=(c1, c2, c3, c4), and four Rel.18 DMRS ports are multiplexed on the same four adjacent REs through inner cover codes represented by w=(w1, w2, w3, w4). The length-4 inner cover codes for four Rel.15 DMRS ports are formed by length-2 FD-OCC  as well as length-2 TD-OCC  and are orthogonal to each other, which can be obtained by . Similarly, the length-4 inner cover codes for four Rel.18 DMRS ports should also keep orthogonal to each other. The orthogonality between the Rel.18 DMRS ports and Rel.15 DMRS ports is ensured by the outer cover codes circulated in blue, which can be viewed as{a1, a2, a3, a4, …} ={+1, +1, +1, +1, …} for Rel.15 DMRS ports. As a result, sequences orthogonal to {+1, +1, +1, +1, …} need to be considered for the outer cover code design of Rel.18 DMRS ports. For 1-symbol DMRS, similar design can be adopted to double the number of DMRS ports. The only difference is that the inner cover code is the length-2 FD-OCC.
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Figure 1. Instance of FD-OCC enhancement

For the 2-level FD-OCC scheme, the outer cover code design can be regarded as a further extension of the current FD-OCC. In frequency domain, the length of FD-OCC is increased from 2 to n (length-n FD-OCC is formed by the outer cover code and the length-2 FD-OCC corresponding to the inner cover code). Take n=4 as an example, the length-4 FD-OCC for Rel.18 DMRS port can be expressed as . 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 Rel.18 DMRS ports and Rel.15 DMRS ports can be guaranteed on the n subcarriers occupied by DMRS ports. 
For Rel.15 DMRS ports, the length-2 Walsh code is adopted as the FD-OCC and TD-OCC. One of the straightforward FD-OCC/TD-OCC designs for Rel.18 DMRS is to reuse Walsh code and extend the length of FD-OCC from 2 to n. Here an example of Walsh code enhancement is shown in Table 1.1 and Table 1.2 with n=4. The inner code and outer code mentioned above can be defined as follows. For a consistent understanding of current DMRS configuration, here {P2, P3, P8, P9} and {P14, P15, P20, P21} are utilized to represent the Rel.15 and Rel.18 DMRS ports corresponding to CDM group 1 of Type 2 DMRS, respectively.
Table 1.1. Inner code based on Walsh code enhancement
	Inner code
	Rel.15 Ports
	Inner code
	Rel.18 Ports

	
	P2
	P3
	P8
	P9
	
	P14
	P15
	P20
	P21

	c1
	+1
	+1
	+1
	+1
	w1
	+1
	+1
	+1
	+1

	c2
	+1
	-1
	+1
	-1
	w2
	+1
	-1
	+1
	-1

	c3
	+1
	+1
	-1
	-1
	w3
	+1
	+1
	-1
	-1

	c4
	+1
	-1
	-1
	+1
	w4
	+1
	-1
	-1
	+1



Table 1.2. Outer code based on Walsh code enhancement
	Outer code
	Rel.15 Ports
	Outer code
	Rel.18 Ports

	
	P2
	P3
	P8
	P9
	
	P14
	P15
	P20
	P21

	a1
	+1
	+1
	+1
	+1
	b1
	+1
	+1
	+1
	+1

	a2
	+1
	+1
	+1
	+1
	b2
	+1
	+1
	+1
	+1

	a3
	+1
	+1
	+1
	+1
	b3
	-1
	-1
	-1
	-1

	a4
	+1
	+1
	+1
	+1
	b4
	-1
	-1
	-1
	-1



As shown in the tables above, the inner code of Rel.15 and Rel.18 DMRS ports are the same, which guarantees the orthogonality among Rel.18 DMRS ports. Furthermore, the Walsh-like outer code guarantees the orthogonality between Rel.18 DMRS ports and Rel.15 DMRS ports.
Observation 1: FD-OCC enhancement is an effective way of supporting larger number of DMRS ports.
As listed in the agreement, backward compatibility is one of the most important issues that need to be considered. Although the orthogonality between Rel.15 and Rel.18 DMRS ports can be ensured by the outer code as discussed above, considering the MU scenario between Rel.15 UEs utilizing Rel.15 DMRS ports and Rel.18 UEs utilizing Rel.18 DMRS ports, interference to Rel.15 DMRS ports may occur due to the limited length-2 FD-OCC decoding capability of Rel.15 UEs. A straightforward approach to avoid above interference is allocating orthogonal DMRS ports (FDMed or orthogonal in terms of length-2 FD-OCC) to the paired Rel.15 and Rel.18 UEs. However, this approach will become invalid when the total number of co-scheduled layers or paired Rel.15 UEs is large, which is inevitable under CJT scenario. As a result, if FD-OCC enhancement is chosen to support larger number of DMRS ports, further design on inner and/or outer code should be considered to counter the possible interference caused by potential compatibility issue.

2.1.2	Opt.2: enhance TD-OCC
In the agreement of RAN1#109e meeting, the description of Opt.2 is ‘Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols)’. By applying the time-domain orthogonal cover code on both front-loaded and additional DMRS, the orthogonality between Rel.15 and Rel.18 DMRS ports can be ensured. 
As shown in Figure 2, 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 Rel.15 DMRS ports on front-loaded and additional DMRS symbol is {+1, +1}, while that of Rel.18 DMRS ports is {+1, -1}.
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Figure 2. Instance of TD-OCC enhancement

In RAN1#109e meeting, it has been agreed to increase the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead. Hence one drawback of TD-OCC enhancement solution is that it is available only when the additional DMRS is configured. However, the additional DMRS may not always be configured. It poses a strong limitation on applicable scenarios and configuration flexibility. On the other hand, solution based on TD-OCC enhancement has low spectrum efficiency. When the total number of supported DMRS ports is the same, the TD-OCC enhancement solution occupies more resources than the solution based on FD-OCC enhancement or FDM enhancement.
The second drawback of the TD-OCC enhancement solution is that it is more sensitive to the channel time variation, because there is a gap of multiple OFDM symbols between the front-loaded DMRS symbol and the additional DMRS symbol. For one of the main application scenarios of additional DMRS symbol, high-speed scenario, the TD-OCC enhancement solution cannot work well.
The third drawback of the TD-OCC enhancement solution is that a typical usage of additional DMRS symbol is to estimate Doppler or frequency shift, independent channel estimation procedure in both front-loaded DMRS symbol(s) and additional DMRS symbol(s) is needed. When TD-OCC is introduced between the front-loaded and additional DMRS symbol, the estimation of the Doppler or frequency shift will become impossible.
The last drawback of the TD-OCC enhancement solution is that it may reduce the detection efficiency at the receiver. An important reason why the front loaded DMRS is placed at the front end of the scheduled data is that the data can be detected immediately after channel estimation is completed. However, for the TD-OCC solution, an accurate channel estimation result can be obtained only after the additional DMRS is received. This causes a certain delay for detection.
Furthermore, similar to FD-OCC, backward compatibility is also an important issue that need to be considered for TD-OCC.
Observation 2: TD-OCC enhancement has following defects: 
· Posing a strong limitation on applicable scenarios and configuration flexibility.
· More sensitive to the channel time variation
· Affecting the capability of the Doppler or frequency shift estimation
· Causing detection delay

2.2.3	Opt.3: sparser frequency allocation
In the agreement of RAN1#109e meeting, the description of Opt.3 is ‘Increase the number of CDM groups (e.g. larger number of comb/FDM)’. By increasing the number of CDM groups that are FDMed with each other, the number of orthogonal DMRS ports can be increased. 
As shown in Figure 3, 1-symbol front-loaded DMRS is chosen as an example to illustrate sparser frequency allocation, where different colors represent different CDM groups. The pattern supported by current spec is shown on the left side, while the potential sparser frequency allocation pattern which doubles the number of CDM groups is shown on the right side.
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Figure 3. Instance of sparser frequency allocation

For sparser frequency allocation, because the time-frequency resource mapping manner of Rel.15 DMRS ports is changed, there are many issues to be studied.
The first issue is how to keep compatibility between Rel.15 and Rel.18 DMRS ports. As shown in Figure 3, taking Type 1 DMRS as an example, the Rel.18 DMRS ports can be regarded as splitting one CDM group of the Rel.15 DMRS ports into two CDM groups. It causes the CDM group of the Rel.18 DMRS ports to be misaligned with the CDM group of the Rel.15 DMRS ports. Therefore, when a Rel.15 UE and a Rel.18 UE are paired for MU-MIMO transmission, orthogonality between them cannot be ensured.
The second issue is power boosting design. In current NR specification, power boosting of DMRS port is defined by the power ratio of DMRS port and PXSCH port, which is calculated by the occupied ratio of frequency resources. In Opt.3 sparser frequency allocation enhancement, more CDM groups bring more power boosting factor design for different frequency density. 
The third issue is low PAPR DMRS sequence design, which has be discussed in Rel-16. For Opt.3, the PAPR of DMRS sequence design may become hard when facing MU DMRS ports in the same scheduling slot. Reusing the motivation of low PAPR sequence design in R16 can be a good starting point.
The last issue is PXSCH rate matching design. Currently, PXSCH and DMRSs can be multiplexed in different CDM groups. Because the number of CDM groups corresponding to Rel.18 DMRSs increases, the PXSCH rate matching of Rel.18 DMRSs needs to be defined. Further considering compatibility with Rel.15 UEs, patterns of data mapping and DMRS mapping are more complex and diversified. 
Observation 3: Sparser frequency allocation has many issues to be studied:
· Compatibility between Rel.15 and Rel.18 DMRS ports 
· Power boosting design
· low PAPR DMRS sequence design
· PXSCH rate matching design

2.2.4	Opt.4: using TDMed DMRS symbol
In the agreement of RAN1#109e meeting, the description of Opt.4 is ‘reusing additional DMRS symbols to increase orthogonal DMRS ports”. 
From our perspective, this option have almost the same problems with Opt.2. For instance, it is available only when the additional DMRS is configured, and may lead to extra overhead when additional DMRS is not configured. The capability of the Doppler or frequency shift estimation based on additional DMRS and the detection efficiency in the receiver may also be affected.
Moreover, the compatibility issue of using TDMed DMRS symbol needs to be addressed. When the additional DMRS is configured for the MU-paired Rel.15 UEs, there will exist collide between Rel.15 and Rel.18 DMRS ports, which will lead to severe performance loss.
Observation 4: Using TDMed DMRS symbol has similar defects with TD-OCC. The compatibility issue also needs to be addressed.

2.2.5	Opt.5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM
In the agreement of RAN1#109e meeting, the description of Opt.5 is ‘reusing additional DMRS symbol(s) to improve channel estimation performance’. By using different DMRS enhancement directions (FD-OCC/FDM or TD-OCC) under different channel conditions, the number of orthogonal DMRS ports can be increased. For example, the FD-OCC enhancement is used under a high speed scenario with a small delay spread, while the TD-OCC enhancement is used under a large delay spread with low speed.
However, considering the defects of TD-OCC as analyzed in section 2.1.2, the application scenario of Opt.5 is very limited.  Furthermore, it’s hard to divide the real scenario into two categories mentioned above. When both the delay spread and speed are non-negligible, such complex switching mechanism will not bring any benefit. 
Observation 5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM has the same defects as TD-OCC. The application scenario is more limited.
Based on all the analysis above, we have the following proposal:
Proposal 1: FD-OCC enhancement should be supported to increase the number of orthogonal DMRS ports.

Simulation modeling and evaluation results
2.2.1	Simulation modeling
In RAN1#109e meeting, potential simulation modeling method for DL MU-MIMO aims for larger number of DMRS ports have been agreed as the follows:
· Alt.1: calculated by pre-coder of channel of each co-scheduled UE. 
· Alt.2: calculated by random pre-coder (i.e. precoder selected randomly from a predefined set of precoders) which is different from the pre-coder of target UE. 
· Alt.3: the same pre-coder as scheduled UE. 
For the UL MU-MIMO evaluation, precoding assumption of PUSCH is agreed as SVD based percoding.
In our simulations, the MU-MIMO scheme with practical DMRS channel estimation are performed based on Alt.1. As shown in Figure.4, one target UE and K-1 co-scheduled UEs are simulated for MU-MIMO transmission. CDL-B channel model is used, and ASA/ASD/ZSA/ZSD follow the values in section 7.7.1 of TR 38.901. The angles of K MU-paired UEs, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain. Only PDSCH/PUSCH performance of the target UE is evaluated, while interference of both PDSCH/PUSCH and DMRS of co-scheduled UE(s) is simulated.
 As shown in Figure 4, The LLS simulation model for DL transmission can be defined as follows:
                                              (1)
The received signal at the target UE is denoted by , where  is the channel matrix of target UE, and  denotes the precoder corresponding to the target UE. The precoder corresponding to the i-th co-scheduled interference UE is  (1, 2,…, K-1). In the evaluations, SVD based sub-band precoding is adopted for DL MU-MIMO. Specifically,  and  are calculated based on the channel matrix of target UE and the channel matrix  of co-scheduled UE, respectively. For example,  ,  is the right eigenvectors corresponding to the strongest rank eigenvalues of the channel matrix .   is desired signal and  is the interference signal corresponding to the i-th co-scheduled UE.  denotes the additive noise vector. It should be emphasized that, to comprehensively reflect path losses corresponding to different UEs and interference suppression implemented through MU precoding (e.g. ZF is performed at gNB), a power offset factor  relative to the target UE is loaded on the interference signal, as shown in Equation (1). In the simulations, the power offset  is chosen from {-6dB, -9dB, -12dB}. Other detailed simulation parameters are list in Appendix A.
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Figure 4. Illustration of simulation modeling for DL/UL MU-MIMO scheme

For the simulation of UL MU-MIMO, the similar MU interference modeling methodology is applied.  For each MU-paired UE, SVD based wide-band precoder is adopted based on the channel matrix of this UE. The power offset factor P is 0dB. Detailed simulation parameters for UL are list in Appendix B.

2.2.2	DL simulation results
We first present the evaluation results of different schemes for 2-symbol Type 1/Type 2 DMRS. Based on the simulation modeling introduced above, the BLER and throughput performance of the following schemes are evaluated. 
A. Non-orthogonal DMRS ports 
Non-orthogonal DMRS ports supported in current spec is proposed as the baseline. The non-orthogonal DMRS ports are 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 .
B. Opt.1: Enhance FD-OCC
For the potential enhancement approaches of Opt.1, the performance of length-4 FD-OCC is evaluated. In the simulation, the inner code and outer code introduced in Table 1.1 and Table 1.2 are adopted, respectively. 
Both Type1 and Type2 DMRS enhancement approaches are evaluated. The delay spread of channel equals 30ns/300ns is considered under CDL-B channel model. For simulation of 2-symbol Type 1 DMRS, 8 UEs are MU-scheduled and fixed rank=2 per UE are configured, hence the total MU layers is 16. Only the performance of target UE is evaluated. For the BLER performance evaluation with fixed MCS, the MCS=9 and MCS=8 in Table 5.1.3.1-2 of TS.38214 are selected corresponding to delay spread is 30ns and 300ns, respectively. For the simulation of 2-symbol Type 2 DMRS, 8 UE are MU-scheduled with fixed rank=3 per UE, hence the total MU layers is 24. MCS=6 and MCS=5 are selected corresponding to delay spread 30ns and 300ns for BLER performance evaluations, respectively.
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(a) DS=30ns                                                                       (b) DS=300ns
Figure 5. BLER Performance of different options, Type1 DMRS, CDL-B channel model
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(a) DS=30ns                                                                       (b) DS=300ns
Figure 6. BLER Performance of different options, Type2 DMRS, CDL-B channel model
The BLER performance is shown in Figure 5 and Figure 6. The SNR gains achieved by Opt.1 and Opt.3 compared to Scheme A at target BLER=0.1 are summarized as follows.
Table 2. SNR gains achieved by Opt.1 and Opt.3 compared to Scheme A
	SNR gain v.s. Scheme A at BLER=0.1
	Type 1, DS=30ns
	Type 1, DS=300ns
	Type 2, DS=30ns
	Type 2, DS=300ns

	Scheme B
	2.2dB
	2.5dB
	2.8dB
	1.4dB

	Scheme C
	2.2dB
	3.0dB
	2.8dB
	1.7dB



From the simulation result shown in Figure 5 and Figure 6, it can be observed that both Opt.1 and Opt.3 can achieve significant performance gain compared to non-orthogonal DMRS for DS=30ns and DS=300ns. The SNR gain is about 1.4dB~3dB under different scenarios. Moreover, Opt.1 and Opt.3 has almost the same performance under small delay spread, e.g. DS=30ns. However, Opt.1 performs better than Opt.3 when delay spread is increased to 300ns, and 0.5dB and 0.3dB SNR gain can be achieve by Opt.1 for Type 1 DMRS and Type 2 DMRS, respectively. This is mainly because the pilots of Opt.3 are sparser than that of Opt.1. It is more sensitive to the frequency-selective fading of the channel.
The throughput performance is shown in Figure 7 and Figure 8 below. Rank adaption is performed base on MCS table defined in Table 5.1.3.1-2 of TS.38214.
[image: ]   [image: ]
(a) DS=30ns                                                                       (b) DS=300ns
Figure 7. Throughput Performance of different options, Type1 DMRS
      [image: ] [image: ]
(a) DS=30ns                                                                       (b) DS=300ns
Figure 8. Throughput Performance of different options, Type2 DMRS

As shown in Figure 7 and Figure 8, the performance gains obtained by Opt.1 and Opt.3 compared to Scheme A are summarized in Table 3.
Table 3. Performance gains achieved by Opt.1 and Opt.3 compared to Scheme A
	Throughout gain v.s. Scheme A
	Type 1, DS=30ns
	Type 1, DS=300ns
	Type 2, DS=30ns
	Type 2, DS=300ns

	Scheme B
	104.3%
	105.7%
	105.5%
	105.2%

	Scheme C
	104.3%
	106.3%
	105.5%
	106.5%



As for the throughput performance of the schemes above, the similar observations can also be achieved. Specifically, Opt.1 and Opt.3 can obtain obvious performance gain compared to Scheme A. The performance gain is about 4.3%~5.5% for DS=30ns. When the DS is increased to 300ns, the performance gain is more significant, which is up to 5.2%~6.5%. For DS=300ns, it can be observed that the performance of Opt.1 is better than that of Opt.3, and 1~2% throughput gain can be obtained in the high SNR region.
Observation 6: For DL MU-MIMO with 2-symbol DMRS, Opt.1 (based on length-4 FD-OCC) has similar performance under DS=30ns and better performance under DS=300ns compared with Opt.3.

We also evaluated the performance of different solutions for 1-symbol Type 1/Type 2 DMRS. The throughput performance of the following schemes are evaluated. 
A. Non-orthogonal DMRS ports
B. Opt.1: Enhance FD-OCC
C. Opt.3: Sparser frequency allocation
D. Double symbol front-loaded Rel.15 DMRS ports (only used to compare the performance of single-symbol DMRS port enhancements)
An important benefit of increasing the number of single-symbol DMRS ports is that the same number of ports can be supported with less symbol overhead. Therefore, for the simulation of single symbol front-loaded DMRS enhancement, the performance of legacy double symbol front-loaded Rel.15 DMRS ports is also evaluated to show the gain achieved by overhead reduction.
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(a) Type1, power offset = -6dB                                      (b) Type 2,  power offset = -6dB
Figure 9. Throughput Performance of single symbol front-loaded DMRS, CDL-B channel, DS=300ns

In the simulation, 8 MU-scheduled UEs with fixed rank=1 per UE are modeled for 1-symbol Type 1 DMRS, and 6 MU-scheduled UEs with fixed rank=2 per UE are modeled for 1-symbol Type 2 DMRS. Only the performance of target UE is evaluated. The throughput performance with DS=300ns and power offset=-6dB is shown in Figure 9. Compare to the performance of Scheme D, the average throughput gains achieved by Scheme A/B/C are shown in Table 4.

Table 4. Performance gains compared to Scheme D for 1-symbol DMRS
	Throughout gain v.s. Scheme D
	Type 1
	Type 2

	Scheme A
	105.2%
	105.2%

	Scheme B
	111.1%
	110.7%

	Scheme C
	111.1%
	112.6%



From the simulation result above, an interesting observation is that the performance of 1-symbol non-orthogonal DMRS (Scheme A) is better than that of 2-symbol orthogonal DMRS (Scheme D). This means that the performance benefit of overhead reduction significantly outweighs the channel estimation loss of non-orthogonal DMRS. Furthermore, Opt.1 and Opt.3 can still achieve about 5.6%~7% performance gain compared to Scheme A. For Type 2 DMRS, Scheme C performs better than scheme B.
Observation 7: For DL MU-MIMO with 1-symbol DMRS, Opt.1 (based on length-4 FD-OCC) has better performance under DS=300ns compared with Opt.3.
Observation 8: Thanks to overhead reduction, 1-symbol Rel.18 DMRS can obtain about 5% ~13% performance gain compared to 2-symbol front-loaded Rel.15 DMRS.

2.2.3	UL simulation results
Figure 10 and 11 show the average BLER performance of all UEs for 2-symbol Type 1 and Type 2 DMRS enhancement respectively. The simulation parameters are shown in Appendix B. We consider the following two schemes: Opt.1 and Opt.3. For simulation of Type1 DMRS, 8 UE are MU-scheduled together. For simulation of Type2 DMRS, 12 UE are MU-scheduled together. For both Opt.1 and Opt.3, fixed rank=2 per UE are configured. Hence, the total MU layers are respectively 16 and 24 for Type1 and Type2. The MCS of Type1 and Type 2 is 13 and 9 in Table 5.1.3.1-1 of TS.38214, respectively. It can be observed that the BLER performance of Opt.1 is much better than Opt.3 with almost 2dB gain for UL Type 1 enhancement and 5 dB gain for UL Type 2 enhancement.
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Figure 10. BLER Performance of Opt.1 and Opt.3, Type 1 DMRS, CDL-B channel model
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Figure 11. BLER Performance of Opt.1 and Opt.3, Type 2 DMRS, CDL-B channel model

Observation 9: For UL MU-MIMO with 2-symbol DMRS, Opt.1 (based on length-4 FD-OCC) can obtain about 2dB and 5dB SNR gain for Type 1 DMRS and Type 2 DMRS, respectively.
Proposal 2: Rel.18 DMRS based on FD-OCC enhancement (Opt.1) has better performance than that based on sparser frequency allocation (Opt.3).

2.2.4	Performance analysis for orphan RB/REs
For Type 1 DMRS, one issue of Opt.1/Opt.3 is orphan RB/REs when the number of scheduled RBs is not an even number. An example of resource mapping for Rel.18 DMRS ports based on Opt.1 with length-4 FD-OCC in the last RB at the edge of the scheduled bandwidth is illustrate in Figure 12. The DMRS port P0 and P8 corresponding to CDM group 0 are allocated in the even subcarriers {0, 2, 4, 6, 8, 10}, and the length-4 FD-OCC based on Walsh code is used as {+1, +1, +1, +1} and {+1, +1, -1, -1}. For subcarriers {0, 2, 4, 6}, orthogonal multiplexing of P0 and P8 may be implemented by using length-4 FD-OCC. However, for remaining subcarriers 8 and 10, length-2 FD-OCC are not orthogonal, resulting in interference between ports.
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Figure 12. Example of orphan RB/REs of Type1 DMRS

One of the straight forward solutions to solve the problem is to restrict the number of scheduled RBs. For example, when Rel.18 DMRS ports are configured, only an even number of RBs can be scheduled. However, this solution seems imposes excessive constraints on the Spec., which greatly restricts the flexibility of scheduling and reduces the utilization of radio resources.
In fact, orphan RB/REs may not result in significant performance loss, especially for DL transmissions. On one hand, when the scheduling bandwidth is large, only the sequences corresponding to the four subcarriers at the end are not orthogonal, and the proportion of orphan REs is extremely low. For example, the scheduling bandwidth is 13 RBs, and the proportion of orphan REs is only 2.56%. Therefore, the overall performance loss caused by orphan REs is not significant. On the other hand, through appropriate channel estimation algorithm, the performance loss caused by the non-orthogonal FD-OCC corresponding to the orphan REs can also be reduced. For example, in order to ensure the orthogonality of the length-4 FD-OCC, the FD-OCC decoding for last RB can be performed twice. The subcarriers {0, 2, 4, 6} are decoded jointly for the first time and the subcarriers {4, 6, 8, 10} are decoded jointly for the second time. Wherein the subcarrier segments corresponding to the two FD-OCC decoding are partial overlapped. In order to verify the performance of the proposed channel estimation method for orphan REs, we performed simulations for Rel.18 1-symbol DMRS based on Opt.1. The NMSE performance is shown in Figure 13. In the simulation, PRB bundling for DL DMRS channel estimation is 2 RBs. The performance of the following two schemes is compared:
A. OCC decoding is performed three times in 2RBs based on length-4 FD-OCC.
B. Each RB performs decoding of the length-4 FD-OCC twice according to the method proposed above.
C. Non-orthogonal DMRS ports
The above two schemes use the same Wiener filter coefficient. CDL-B channel model with DS=300ns is adopted in the simulation. Form Figure 13, it can be observed that the proposed solution for orphan REs will only introduce negligible (about 0.3dB) NMSE loss, while the non-orthogonal DMRS ports in current Spec. have significant (about 7dB) NMSE loss under the same scenario.
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Figure 13. NMSE performance of orphan RB/REs of Type1 DMRS

Observation 10: Through appropriate channel estimation algorithm, orphan RB/REs only introduces negligible performance loss.

Enhanced FD-OCC design
[bookmark: _GoBack]The orthogonality between DMRS ports is one of the most important factors that will influence the system performance. To increase the number of DMRS ports for PDSCH/PUSCH, FD-OCC enhancement is a promising solution, as discussed in Section 2. Compared to the legacy Rel.15 DMRS ports, the length of FD-OCC is increased from 2 to 4. As a result, the orthogonality between DMRS ports is more sensitive for frequency selective channel fading. In some non-idealized scenarios, the orthogonality between DMRS ports (especially between Rel.18 ports and legacy ports) cannot be satisfied. For example, interference to Rel.15 DMRS ports may occur due to the limited length-2 FD-OCC decoding capability of Rel.15 UEs.
Specifically, for the FD-OCC solution introduced in section 2.2.1, the orthogonality between the Rel.18 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 5 and 8 subcarriers for Type 1 DMRS and Type 2 DMRS, respectively). These certainly cannot be guaranteed considering the potential large delay spread. The variation tendency of the frequency response of channel is shown in Figure 14, where CDL-B channel model with delay spread of 600ns is chosen as an example. It can be seen that the frequency response of channel varies violently even within one RB, which does not fulfill the flatness requirement of channel and will lead to some interference between DMRS ports. As the delay spread increases, it can be expected that the interference between DMRS ports will become more severe. In extreme cases, there may be no benefit over non-orthogonal ports supported in current Spec.
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Figure 14. Amplitude and phase change of frequency channel response in PRG=4RB

Moreover, considering flexible scheduling, MU-MIMO scheduling for Rel.15 UEs and Rel.18 UEs is an important application scenario. For the Rel.15 UE, channel estimation is performed based on length-2 FD-OCC as shown in Figure 15. Within two consecutive subcarriers corresponding to a CDM group, the designed OCC for Rel.18 is equivalently split into 2-length FD-OCC-based inner codes. However, all the orthogonal dimensions have been exhausted for the legacy DMRS ports based on Walsh code. The legacy ports may be non-orthogonal to the Rel.18 ports defined using OCC of length 4. Due to the mismatch of FD-OCC lengths, the legacy DMRS port is directly affected by interference brought by the Rel.18 DMRS ports, and therefore optimal DMRS channel estimation performance of the legacy UE cannot be achieved.
[image: ]
Figure 15. Illustration of DMRS channel estimation for MU-MIMO scheduled Rel.15 UE and Rel.18 UE (Type 2 DMRS

Observation 11: The increase of FD-OCC length incurs higher sensitivity to the channel DS and backward compatibility issue, which destroys the orthogonality between DMRS ports and brings interference.
Taking all the analysis above into consideration, it can be concluded that many non-ideal factors or restrictions will break the orthogonality and introduce interference between Rel.15 and Rel.18 DMRS ports. To reduce the performance deterioration caused by interference between the Rel.15 and Rel.18 DMRS ports in non-ideal scenarios (e.g., a large delay spread, MU-MIMO scheduling with Rel.15 UE and Rel.18 UE), the OCC of Rel.18 DMRS ports needs to be carefully designed under Opt.1 enhance FD-OCC scheme.
Here we list two potential approaches to further enhance FD-OCC scheme, which can be summarized as inner code design for interference randomization and outer code design for interference avoidance.

2.3.1	Inner code design for interference randomization
In the 2-level FD-OCC scheme discussed in Section 2.2.1, the inner OCC codes for Rel.15 DMRS ports are reused as the inner OCC codes for Rel.18 DMRS ports, and this can result in unbalanced performance of different multiplexed ports. As shown in Figure 16, when the orthogonality between the outer OCC codes of the Rel.15 and Rel.18 DMRS ports is destroyed, ports P0 and P13 can still be nearly orthogonal to each other thanks to the fact that the orthogonality between their inner OCC codes are still approximately maintained because the channels of two adjacent subcarriers are can still be regarded as flat, and the near-orthogonality between their inner OCC codes can significantly alleviate the interference between these two ports. However, for ports P0 and P12 that have the same inner OCC code, the interference between them can be very significant once the orthogonality between their outer OCC codes is destroyed.
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Figure 16. FD-OCC performance with 4-length Walsh inner code 

To illustrate the unbalanced performance between different DMRS ports of the enhanced FD-OCC based on Walsh code, the NMSE performance and DL throughput of different DMRS ports is shown in Figure 17. Without loss of generality, since only DMRS ports in one CDM group interfere with each other, we only need to simulate interference between DMRS ports in a CDM group. In the simulation, it is assumed that 6 UEs perform MU-MIMO transmission with rank=1 per UE. 6 UEs occupy DMRS ports 0/1/6/7/12/13 shown in Figure 16 corresponding to CDM group 0. The CDL-B channels with DS=100ns and DS=600 are used. The interference power offset equals to -6dB. The NMSE of port p is defined as follows,

where and  are the estimated channel coefficient and ideal channel coefficient corresponding to DMRS port p, receive antenna k in resource element re, respectively. 
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Figure 17. NMSE performance for different DMRS ports, CDL-B channel, SNR=15dB, Type 2 double-symbol DMRS, DS=600ns
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Figure 18. Throughput gain for different DMRS ports compared to the performance of port 0 for Rel.18 DMRS based on Opt.1 with Walsh code, CDL-B channel, SNR=15dB, Type 2 double-symbol DMRS, DS=600ns

Thanks to the symmetry between DMRS ports, port 0/1 can be expected to have similar performance as Port 12/13. Therefore, Figure 17 only shows the NMSE performance for port 0/1/6/7. As shown in Figure 17, for the FD-OCC enhancement based on Walsh code, it can be observed that port 0 and port 1 have the similar NMSE performance, the same is true for Port 6 and Port 7. However, it has an obvious performance gap between port 0/1 and port 6/7 for delay spread=600ns, which is up to 17.5dB. This is because when the orthogonality of the outer code cannot be satisfied due to frequency selective fading, stronger mutual interference occurs between ports using the same inner code. It means that different DMRS ports may have very differentiated channel estimation capability when some ports in a CDM group are not scheduled, which is consistent with our analysis above. In Figure 18, the throughput gain for different ports compared to Port 0 of the Rel.18 DMRS based on Walsh code is shown. It can be observed that the performance of the Rel.18 DMRS ports based on Walsh code is clearly divided into two levels when the channel DS=600ns. The performance gap between Port 6/7 and Port 0/1 is significant, and the throughput of port 6/7 is 3 times that of port 0/1.
Observation 12: When the orthogonality between DMRS ports cannot maintain, reusing Walsh code as the inner code of Rel.18 DMRS causes great channel estimation performance difference between different ports.

To ensure that the performance of each port is even in any combination of scheduled DMRS ports, interference randomization is an effective design idea. In fact, interference randomization is a simple and efficient method to ensure the balanced system performance and avoid extreme performance deterioration caused by strong interference. It has been widely used in wireless communication systems and standards, especially for the reference signal design. For example, in current Spec., non-orthogonal DMRS ports can be obtained by modifying the  during sequence generation. It makes use of the interference randomization capability of the DMRS root sequence to avoid severe interference caused by the same sequence. Another example of sequence randomization design in current NR Spec. is the sequence and group hopping technology of SRS, which also aims to enhance the anti-interference ability. However, for the Rel.18 DMRS ports designed based on the Walsh inner code, both the cover code and root sequence are the same as the legacy DMRS ports.
Based on the analysis above, it is important to design the inner code of the R18 DMRS port to be different from the Walsh code used for Rel.15 DMRS port. In a feasible design method, we can try to design a group of orthogonal inner codes to ensure orthogonality between Rel.18 DMRS ports. In addition, the designed inner code needs to ensure low cross-correlation with the existing Walsh code used for that of Rel.15 DMRS ports. As shown in Figure 17 and 18, a proper inner code design based on interference randomization can make the performance of different ports more balanced. 
It should be noted that, for DMRS channel estimation, data can be correctly detected as long as the NMSE of channel estimation reaches a certain threshold. When the performance of ports differs greatly, a port with poor channel estimation capability significantly decreases the performance of the corresponding data stream. However, “over-accurate” channel estimation results of some ports do not greatly improve the overall performance. Therefore, system performance is often limited by poor-performing ports. The throughput performance in Figure 18 also illustrates this issue. For Port 6/7 based on Walsh code, it obtains obvious NMSE performance gain (about 14dB) compare with the proposed DMRS port based on randomization. The NMSE performance gap between the proposed DMRS port based on randomization and Port 0/1 based on Walsh code is much smaller, which is about 3.5dB. However, when the performance of the proposed DMRS based on randomization is compared with that of Rel.18 DMRS based on Walsh code, the performance gain achieved for Port 0/1 is much more significant than the performance loss for Port 6/7. As a result, the proposed DMRS design can achieve a higher sum throughput than the Rel.18 DMRS based on Walsh code.
Proposal 3: The inner code of FD-OCC enhancement should be carefully designed to achieve interference randomization. For example, the inner code other than Walsh code can be considered.

2.3.2	Outer code design for interference avoidance
Due to different scattering environment around different UEs, the delay spreads of channels between different UEs and the same TRP are diverse. Hence, it is possible that UEs with larger delay spread are multiplexed with the UEs with smaller delay spread in the same CDM group. Here we take type 1 single symbol DMRS expanding as an example. Assuming there are 4 rank-2 UEs, including one UE with 1200 ns delay spread and three UEs with 300 ns delay spread. If we adopt the above Opt.1 scheme, each CDM group consists of 4 DMRS ports. Obviously, the optimal DMRS port allocation with lowest channel estimation error is that each CDM group consists of 1 port with DS=1200 ns and 3 ports with DS=300 ns. 
In the above Opt.1 scheme, such 4 ports are distinguished with length-4 FD-OCC, and the orthogonality between them can be observed from the power delay profile (PDP). Figure 19 shows the channel PDP of the port with DS=1200 ns. The simulation parameters are shown in Appendix B. Figure 19 (a) shows the PDP of the real channel for DMRS port with DS=1200ns, which is obtained by performing 512-point IFFT on the comb-2 sampling of the real channel. Figure 19 (b) shows the PDP of the estimated channel from least square (LS) estimation, which is obtained by performing 512-point IFFT on the element-wise quotient of the received DMRS signal and the DMRS sequence of the port with DS=1200 ns. It can be observed from Figure 19 (a) that the port with DS=1200ns has a strong delay path at delay tap 159, exceeding the delay tap offset 128 of the second port. Hence, there is overlap between the port with DS=1200 ns and second port with DS=300 ns, which can be observed from Figure 19 (b). Such overlap will lead to poor orthogonality between the two ports.
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(a) The PDP of the channel for the port with DS=1200ns   (b) The PDP of the estimated channel from LS estimation
Figure 19. The channel PDP of the port with DS=1200 ns
Observation 13: Increasing the FD-OCC length will equivalently multiplex more DMRS ports on delay domain, which leads to more severe inter-port interference caused by large DS port.
To solve the above problem, one promising method is to choose different multiplexing ratios for different CDM groups, which means DMRS ports corresponding to delay-domain channel with large delay spread can be multiplexed with less DMRS ports in one CDM group, while DMRS ports corresponding to delay-domain channel with small delay spread can be multiplexed with more DMRS ports in another CDM group. We also consider the above-mentioned 4 rank-2 UEs, including one UE with 1200 ns delay spread and three UEs with 300 ns delay spread. For CDM group 0, the expanding ratio is 1, that is only legacy 2 orthogonal ports are available for allocation, which are allocated to the UE with 1200 ns delay spread. For CDM group 1, the expanding ratio can be 3, from 2 orthogonal ports to 6 orthogonal ports, which are allocated to three UEs with 300 ns delay spread. Figure 20 (a) shows the estimated channel PDP of one of the 2 ports with DS=1200 ns in CDM group 0. Figure 20 (b) shows the estimated channel PDP of one of 2 ports with DS=300 ns in CDM group 1. It is apparent that there is no overlap between all multiplexed ports.
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(a) one of the 2 ports with DS=1200 ns                  (b) one of the 6 ports with DS=300 ns
Figure 20. The estimated channel PDP of DMRS ports with flexible multiplexing ratios
Observation 14: By choosing flexible multiplexing ratio for different CDM groups, interference avoidance can be achieved for the multiplexed DMRS ports with diversified DS.
One simple method to achieve the above flexible delay domain multiplexing ratio for different CDM groups is flexible outer code design. Take type 1 single symbol DMRS expansion as an example. For CDM group 0, we reuse the legacy length-2 FD-OCC code to provide two orthogonal ports, which is similar to length-2 cyclic shift in SRS. For CDM group 1, we use length-6 cyclic shift as the outer code to provide six orthogonal ports.
Proposal 4: The outer code of FD-OCC enhancement should be designed to implement different multiplexing ratio for different CDM groups.

DMRS enhancement for 8TX UL operation
DMRS port allocation table design for rank 5~8
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 5: For rank 5~8 UL DMRS table design, DL DMRS table can be reused.

Compared with the legacy DMRS, the R18 DMRS supports twice the number of orthogonal DMRS ports. With a stronger port multiplexing capability, less time-frequency resources can be occupied when the same number of DMRS ports is supported. Utilizing Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH, which can occupy fewer OFDM symbols or CDM groups, thereby allocating more time-frequency resources for data transmission. For example, 
· For the Type 1 DMRS
For the legacy single-symbol DMRS supports a maximum of four orthogonal ports. Therefore, SU-MIMO transmission with rank >4 cannot be supported. However, the R18 DMRS requires only one OFDM symbol to support SU-MIMO with maximum rank 8, which can reduce overheads of one OFDM symbol. For the two-symbol DMRS, the number of CDM groups required for SU-MIMO with a maximum of rank 8 can be reduced from two to one.
·  For the Type 2 DMRS
The maximum number of ranks supported by R18 DMRSs is increased from 6 to 8 when one OFDM symbol is occupied. Moreover, for the 2-symbol DMRS, the number of CDM groups required for SU-MIMO with a maximum of rank 8 can be reduced from two to one.
Based on the above analysis, we have the following proposals
Proposal 6: Support utilizing Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.
· The allocated DMRS port occupies fewer CDM groups.
· The allocated DMRS port occupies fewer OFDM symbols.

Discussion on PTRS-DMRS association 
In the current spec, at most 2 PTRS ports are supported in CB and NCB based UL transmission with up to 4 DMRS ports, and the overhead of PTRS-DMRS association field in DCI is 2 bits. With up to 8 DMRS ports for SU-MIMO UL transmission, the association between DMRS ports and PTRS ports should also be enhanced. 
In the current spec, the number of PTRS ports is related to the coherence capability of UE. If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one, and 2-bit overhead is consumed to indicate the association between one PTRS port and 4 DMRS ports. 
For 8TX full-coherent UE with up to 8 DMRS ports, more potential overhead will be consumed to indicate the PTRS-DMRS association. If a UE has reported the capability of supporting partial/non-coherent UL transmission, the current spec specifies that 2 DMRS ports shares one PTRS port. If such rule is reused to 8TX partial/non-coherent UE with up to 8 DMRS ports, the number of PTRS pots may be increased to 4, and the PTRS-DMRS overhead may be increased to 4 bits. If the maximum number of PTRS ports is still 2, one PTRS port will be shared by 4 DMRS ports, which needs total 4 bits to indicate the PTRS-DMRS association. 
Proposal 7: PTRS-DMRS association enhancement should be considered to enable 8TX UL transmission with maximum 8 layers.

Conclusions
This contribution provides our views on the DMRS enhancement for larger number of orthogonal DMRS ports and 8TX UL operation.
Observation 1: FD-OCC enhancement is an effective way of supporting larger number of DMRS ports..
Observation 2: TD-OCC enhancement has following defects: 
· Posing a strong limitation on applicable scenarios and configuration flexibility.
· More sensitive to the channel time variation
· Affecting the capability of the Doppler or frequency shift estimation
· Causing detection delay
Observation 3: Sparser frequency allocation has many issues to be studied:
· Compatibility between Rel.15 and Rel.18 DMRS ports 
· Power boosting design
· low PAPR DMRS sequence design
· PXSCH rate matching design
Observation 4: Using TDMed DMRS symbol has similar defects with TD-OCC. The compatibility issue also needs to be addressed.
Observation 5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM has the same defects as TD-OCC. The application scenario is more limited.
Observation 6: For DL MU-MIMO with 2-symbol DMRS, Opt.1 (based on length-4 FD-OCC) has similar performance under DS=30ns and better performance under DS=300ns compared with Opt.3.
Observation 7: For DL MU-MIMO with 1-symbol DMRS, Opt.1 (based on length-4 FD-OCC) has better performance under DS=300ns compared with Opt.3.
Observation 8: Thanks to overhead reduction, 1-symbol Rel.18 DMRS can obtain about 5% ~13% performance gain compared to 2-symbol front-loaded Rel.15 DMRS.
Observation 9: For UL MU-MIMO with 2-symbol DMRS, Opt.1 (based on length-4 FD-OCC) can obtain about 2dB and 5dB SNR gain for Type 1 DMRS and Type 2 DMRS, respectively.
Observation 10: Through appropriate channel estimation algorithm, orphan RB/REs only introduces negligible performance loss.
Observation 11: The increase of FD-OCC length incurs higher sensitivity to the channel DS and backward compatibility issue, which destroys the orthogonality between DMRS ports and brings interference.
Observation 12: When the orthogonality between DMRS ports cannot maintain, reusing Walsh code as the inner code of Rel.18 DMRS causes great channel estimation performance difference between different ports.
Observation 13: Increasing the FD-OCC length will equivalently multiplex more DMRS ports on delay domain, which leads to more severe inter-port interference caused by large DS port.
Observation 14: By choosing flexible multiplexing ratio for different CDM groups, interference avoidance can be achieved for the multiplexed DMRS ports with diversified DS.

Proposal 1: FD-OCC enhancement should be supported to increase the number of orthogonal DMRS ports.
Proposal 2: Rel.18 DMRS based on FD-OCC enhancement (Opt.1) has better performance than that based on sparser frequency allocation (Opt.3).
Proposal 3: The inner code of FD-OCC enhancement should be carefully designed to achieve interference randomization. For example, the inner code other than Walsh code can be considered.
Proposal 4: The outer code of FD-OCC enhancement should be designed to implement different multiplexing ratio for different CDM groups.
Proposal 5: For rank 5~8 UL DMRS table design, DL DMRS table can be reused.
Proposal 6: Support utilizing Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH.
· The allocated DMRS port occupies occupy fewer CDM groups.
· The allocated DMRS port occupies fewer OFDM symbols.
Proposal 7: PTRS-DMRS association enhancement should be considered to enable 8TX UL transmission with maximum 8 layers.

Appendix
Appendix A: Link level simulation parameters for DL MU-MIMO scheme
Table A1 Simulation assumptions of LLS for DL MU-MIMO scheme
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B in TR 38.901 

	Delay spread 
	30ns, 300ns 

	UE velocity 
	Baseline: 3km/h 

	Allocation bandwidth 
	20MHz 

	MIMO scheme 
	Baseline: MU-MIMO  

	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

	MIMO Rank 
	1, 2, or 3 per UE

	UE number for MU-MIMO 
	6, 8

	Precoding and precoding granularity 
	For PDSCH: 
· SVD based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Type 1E and/or Type 2E, which are enhanced DMRS that are based on the legacy RE mappings of DMRS Type 1/2, where the enhanced DMRS support larger DMRS ports.  

	DMRS configurations 
	Baseline:  
· Single symbol DMRS without additional DMRS symbols 
· Double symbol DMRS without additional DMRS symbols. 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 

	Link adaptation 
	· Fixed modulation, coding and rank for BLER evaluation. 
· Adaptation of MCS for throughput evaluation.  

	HARQ 
	Baseline: Off  

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread 

	Receiver type 
	MMSE as baseline 

	EVM 
	No radio impairments  



Appendix B: Link level simulation parameters for UL MU-MIMO scheme
Table A2 Simulation assumptions of LLS for UL MU-MIMO scheme
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	 300ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 2, 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
	MCS 13/MCS 9

	Bandwidth
	20 MHz/52 RB

	Numerology
	14 OFDM symbol per slot, 30 kHz SCS

	MIMO Rank
	rank = 2 per UE (rank fixed) 

	UE number
	8/12

	UE speed
	3 km/h 

	Precoding method
	SVD

	Receiver
	MMSE

	DMRS configuration
	Double symbol Type 1/Type 2

	DMRS mapping type 
	Mapping type A (slot based)

	HARQ
	Off
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