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Introduction
As approved in RAN #94-e meeting, DMRS enhancements include the following objectives [1]:
	Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DMRS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DMRS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS

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, possible enhancements on increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO are discussed. 
Enhancements on increasing number of orthogonal DMRS ports
In RAN1#109-e, the following agreements were achieved to increase the maximum number of DMRS ports:
	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. 


According to the agreements, the maximum numbers of DMRS ports are 16 and 24 for DMRS type 1 and DMRS type 2, respectively. Five possible options were identified for further down-selection. In this section, our views on these options are shared, and preliminary simulation results on some of options are provided.
1.1. Option 1 (enhance FD-OCC)
Option 1 introduces larger FD-OCC length than Rel.15 (e.g., 4 or 6). FD-OCC length 4 can be used for enhanced Type 1 and enhanced Type 2 DMRS, while FD-OCC length 6 is fit for enhanced Type 1 DMRS. In the following sections, option 1 will be discussed for enhanced Type 2 DMRS and enhanced Type 1 DMRS, respectively.
Enhanced Type 2 DMRS
If FD-OCC length is 4, the new DMRS pattern is exactly the same as that in Rel-15. Figure 1 shows an example of enhanced Type 2 DMRS pattern, where the number of CDM groups is 3 and the maximum number of DMRS ports is 24. The number of DMRS ports in one CDM group is up to 8. Considering backward compatibility, correspondence between antenna port (1000+) 0~11 and CDM group 0/1/2 can be reused. Port 0/1/6/7 belongs to CDM group 0, port 2/3/8/9 belongs to CDM group 1, and port 4/5/10/11 belongs to CDM group 2. Similar rule can be adopted to determine the correspondence between antenna port (1000+) 12~23 and these three CDM groups. Take CDM group 0 as an example, Table 1 shows  and  for each antenna port with the assumption of FD-OCC length 4 and TD-OCC length 2. With this OCC design,  and  of port 0/1/6/7 are also exactly the same as that in Rel-15, which facilitates co-scheduling of Rel-18 UE and Rel-15/16/17 UE. Therefore, we propose to support option 1 with FD-OCC length 4 at least to enhance Type 2 DMRS in Rel-18.



[bookmark: _Ref111208862]Figure 1: An example of enhanced Type 2 DMRS pattern with option 1
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	0
	+1
	+1
	+1
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	+1
	+1

	1
	+1
	-1
	+1
	-1
	+1
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	+1
	+1
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	+1
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	+1
	-1
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	+1
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	+1
	+1
	-1
	-1
	+1
	+1

	18
	+1
	-1
	-1
	+1
	+1
	-1

	19
	+1
	+1
	-1
	-1
	+1
	-1



Proposal 1: Support option 1 (enhance FD-OCC) with FD-OCC length 4 for enhanced Type 2 DMRS.
Proposal 2: For port (1000+) 0~11 in enhanced Type 2 DMRS with option 1, ,  , correspondence between port and CDM group can be exactly the same as that in Rel-15 to facilitate co-scheduling of Rel-18 UE and Rel-15/16/17 UE.
Proposal 3: The following   can be considered for FD-OCC with length 4:
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Enhanced Type 1 DMRS
Similar to enhanced Type 2 DMRS pattern in Section 2.1.1, FD-OCC length 4 can be used and the number of antenna ports in one CDM group is increased to 8, which is shown in Figure 2. The maximum number of orthogonal antenna ports is 16.  and  listed in Section 2.1.1 can be reused. This DMRS pattern can also be considered since the pattern is exactly the same as Rel-15 Type 1 DMRS pattern.
In Rel-15 DMRS Type 1 with single-symbol, 2 REs in one RB form a CDM group, and each CDM group repeats three times in one RB. For enhanced Type 1 DMRS pattern, 4 REs in one RB form a CDM group, and each CDM group with a group of orthogonal weights ( and ) repeats three times in two consecutive RBs. If the number of scheduled PRBs is odd, the orthogonality among multiple scheduled ports cannot be kept. Therefore, with this pattern, how to perform frequency domain resource allocation should be studied. The following solutions can be considered:
· Alt 1: With enhanced Type 1 DMRS, gNB always schedules even PRBs. 
· Alt 2: FD-OCC with length 6 is adopted.
· Alt 3: DMRS is not transmitted in the last 4 REs (REs with subcarrier index 9-12 in Figure 2)
With Alt 1, orthogonality of DMRS ports can be guaranteed by gNB’s implementation. If Alt 2 is adopted, non-integer  and  will be used. In this case, Rel-18 UE and Rel-15/16/17 UE cannot be scheduled in one CDM group. Then the maximum number of orthogonal ports will be smaller than 16. If Alt 3 is adopted, performance loss might be brought. Therefore, Alt 1 is preferred.


[bookmark: _Ref111208912]Figure 2: An example of enhanced Type 1 DMRS pattern with option 1
Proposal 4: Support option 1 (enhance FD-OCC) with FD-OCC length 4 for enhanced Type 1 DMRS.
Proposal 5: With enhanced Type 1 DMRS (with FD-OCC length 4), gNB always schedules even PRBs.
1.2. Option 3 (Sparser frequency allocation) 
Enhanced Type 2 DMRS
Figure 3 shows an example of enhanced Type 2 DMRS pattern with option 3, where the number of CDM groups is 6 and the total number of orthogonal DMRS ports can be up to 24. The number of DMRS ports in one CDM group is still up to 4. Considering backward compatibility, the correspondence between antenna port (1000+) 0~11 and CDM group 0/1/2 can be reused. Port 0/1/6/7 belongs to CDM group 0, port 2/3/8/9 belongs to CDM group 1, and port 4/5/10/ 11 belongs to CDM group 2. Accordingly, antenna port (1000+) 12~23 can be allocated to CDM group 3/4/5. With this DMRS pattern, Rel-18 UE and Rel-15/16/17 UE can be scheduled in one CDM group, and then the maximum number of orthogonal ports (24) can be achieved. On the other hand, inter-user interference in this option might be smaller than that in option 1.
With the introduction of more CDM groups, power allocation and DMRS sequence initialization methods should be enhanced for the increased CDM group 3/4/5. With regard to power allocation, the number of CDM groups without data can be up to 6. The mechanism in Rel-15 can be extended easily. Table 2 shows the ratio of PDSCH EPRE to DMRS EPRE. 
With regard to sequence initialization, CDM group specific sequence initialization is expected to reduce PAPR. However, in order to support co-scheduling of Rel-18 UE and Rel-15/16/17 UE, it is expected that CDM group 0 (or 1 or 2) and CDM group 3 (or 4 or 5) have the same initialization value. Therefore, there is a tradeoff between the number of co-scheduled users and PAPR performance in sequence initialization design.


[bookmark: _Ref111208977]Figure 3: An example of enhanced Type 2 DMRS pattern with option 3
[bookmark: _Ref111209950]Table 2: The ratio of PDSCH EPRE to DMRS EPRE
	Number of DMRS CDM groups without data
	DMRS enhanced configuration type 2

	1
	0 dB

	2
	-3 dB

	3
	-4.77 dB

	4
	-6dB

	5
	-6.98dB

	6
	-7.78dB


Proposal 6: Support option 3 (sparser frequency allocation) to increase the maximum number of orthogonal DMRS ports.
Proposal 7: With option 3, power allocation and DMRS sequence initialization should be enhanced.
1.3. Option 2/4/5 (TDMed or TD-OCC) 
In option 2/4/5, additional DMRS will be used to increase the maximum number of orthogonal ports. If additional DMRS is not configured, the maximum number of orthogonal ports will not be increased. Even if additional DMRS is configured, both front-loaded DMRS and additional DMRS are used to increase the number of antenna ports, and up to 4 symbols are used. However, in Rel-15, up to 2 symbols are used to achieve the maximum number of antenna port. Actually, DMRS overhead in option 2/4/5 is increased from this point of view. Therefore, compared with option 1 and option 3, option 2/4/5 shall have a lower priority.
Proposal 9: Compared with option 1 and option 3, option 2/4/5 can be studied with lower priority.
According to previous agreement, potential scheduling restriction (e.g. how to apply freq. hopping) and potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS) need to be considered for option 2/4/5. Besides, whether processing time of PDSCH is affected by option 2/4/5 or not needs to be evaluated. In current specification, PDSCH decoding time  is the function of the position of additional DMRS, which is shown in Table 3. If additional DMRS is not configured for all the listed PDSCH mapping types, the processing time in second column will be used. If additional DMRS is configured for at least one of the listed PDSCH mapping type, the third column will be used. Besides, if the PDSCH DMRS position  for the additional DMRS is  then N1,0=14, otherwise N1,0=13. In Rel-15, channel estimation can be performed after UE receives front-loaded DMRS or additional DMRS. However, if option 2/4/5 is adopted, channel estimation can only be performed after UE receives both front-loaded DMRS and additional DMRS, or UE receives both two additional DMRSs (e.g., the 3rd and the 4th DMRS). Therefore, extra processing delay is introduced in option 2/4/5. If option 2/4/5 is supported, evaluation on PDSCH decoding time  is needed.



[bookmark: _Ref111209970]Table 3: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2, 
or if none of the higher layer parameters is configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24

	5
	80
	96

	6
	160
	192


Proposal 10: If option 2/4/5 is supported, evaluation on PDSCH decoding time  is needed.
Enhanced Type 1 DMRS
Similar to enhanced Type 2 DMRS pattern in Section 2.2.1, the number of CDM groups can be increased to 4 for Type 1 DMRS, which is shown in Figure 4. The total number of orthogonal antenna ports can be up to 16. Correspondingly, power allocation and DMRS sequence initialization methods should be enhanced.


[bookmark: _Ref111208996]Figure 4: An example of enhanced Type 1 DMRS pattern with option 3
Similar to enhanced Type 1 DMRS pattern in Section 2.1.2, each CDM group with a group of orthogonal weights ( and ) repeats three times in two consecutive RBs. Therefore, how to perform frequency domain resource allocation to ensure orthogonality among multiple scheduled ports should be studied. Similarly, we prefer that orthogonality of DMRS ports is guaranteed by gNB’s implementation. For example, gNB always schedules even PRBs. 
Proposal 8: With enhanced Type 1 DMRS (with option 3), gNB always schedules even PRBs.
1.4. DMRS indication
In RAN1#109e, the following agreement related to DMRS indication was achieved.
	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. 


Detailed indication method and MU scheduling restriction shall be discussed after the determination of DMRS pattern. At this stage, whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports can be discussed. In our opinion, DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports can be supported. If the number of co-scheduled users is large, Rel-18 DMRS types/ports can be indicated. If the number of co-scheduled users is small but delay spread is large for some of the scheduled UEs, Rel-15 DMRS types/ports can be indicated. Since scheduling or traffic is not fixed within a long time, there is a need of dynamic switching between different DMRS types/ports.
In order to support dynamic switching between different DMRS types/ports, the following indication methods can be studied:
· Alt 1: Rel-15 ports and Rel-18 ports are indicated in one table
· Alt 2: Rel-15 ports and Rel-18 ports are indicated in separated tables
From overhead point of view, these two alternatives are similar. Alt 1 will introduce more DMRS entries, and one more bit might be needed. For Alt 2, one bit is also needed to differentiate DMRS tables. Alt 2 is slightly preferred since less specification effort is expected.
Proposal 11: Support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports.
Proposal 12: Rel.18 DMRS ports and Rel.15 DMRS ports are designed in separated tables.
1.5. Simulation results
In RAN1#109-e, evaluation assumptions were discussed and agreements were achieved. In this section, we provide our simulation results which are based on the agreed evaluation assumptions.
	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
Following evaluation assumptions are used for LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18. 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 
Note: FDD, OFDM is not precluded 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO 
Note: Other delay spread is not precluded.  
Note: Simulation using TDL-A with 30ns or 300ns for MU-MIMO is not precluded.  

	Delay spread 
	Baseline: 30ns, 300ns 
Optional: 1000ns 

	UE velocity 
	Baseline: 3km/h, 30km/h 
Optional: 60km/h, 120km/h 

	Allocation bandwidth 
	20MHz 
Note: Other bandwidth smaller than 20MHz is not precluded 

	MIMO scheme 
	Baseline: MU-MIMO 
Optional: SU-MIMO 

	BS antenna configuration 
	Companies can select and need to report which option(s) are used between 
- 32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
- 16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
Other configurations are not precluded. 

	UE antenna configuration 
	Companies can select and need to report which option(s) are used between 
4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2 
2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded. 

	MIMO Rank 
	1, 2, or 4 per UE (rank fixed or rank adaptation) 

	UE number for MU-MIMO 
	1, 2, 4, 8, or 12 

	Precoding and precoding granularity 
	For PDSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 
· CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback. 
For PUSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based wide-band precoding on ideal channel knowledge 
· Codebook based wide-band precoding on ideal CSI feedback. 

	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. 
Note: The terminology of Type 1E and/or Type 2E is for discussion purpose. 

	DMRS configurations 
	Baseline:  
· Single symbol DMRS without additional DMRS symbols and 1 additional DMRS symbol 
· Double symbol DMRS without additional DMRS symbols. 
Note: evaluation of other additional DMRS symbol(s) are not precluded. 

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

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

	HARQ 
	Baseline: Off 
Optional: On (HARQ with max. 4 re-transmissions) for throughput evaluation 

	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  


 
Agreement
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PUSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by 
· Alt.2-2: SVD 
Agreement
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PDSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by SVD. 
 
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,  [image: cid:image002.png@01D86C43.8E5DA4E0], 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 [image: cid:image003.png@01D86C43.8E5DA4E0].​
· 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. 


In our simulation, MU-MIMO LLS of PDSCH is simulated. SVD based sub-band precoding is performed. For co-scheduled UEs, pre-coding assumption of interference follows Alt. 2. In the simulation, predefined set of precoders are generated by DFT vectors. Precoders of co-scheduled UEs are selected to minimize the interference to the scheduled (target) UE. Power offset of all the co-scheduled UEs is -6dB. 
Figure 5 shows the comparison of option 1 and option 3 based on enhanced Type 2 DMRS. BS has 16 ports and each UE has 4 ports and 2 layers. MCS index 10, 30ns delay spread and 8 co-scheduled users are simulated. Simulation results show that option 1 achieves better performance than option 3.
[image: ]
[bookmark: _Ref111209022]Figure 5: Comparison of option 1 and option 3 under 30ns delay spread
[bookmark: _GoBack]Observation 1: When pre-coding assumption of interference of co-scheduled UEs is modelled according to Alt.2 and 2 layers are scheduled for each user, option 1 (enhance FD-OCC) achieves better performance than option 3 (sparser frequency allocation).
Enhancements for UL 8Tx
In Rel-17, NR supports a maximum of 4 layers in UL and 8 layers in DL, hence there is a 100% gap between DL/UL peak data rate. It is desirable to bring UL peak data rate on par with DL to allow a balanced spectrum usage and user experience. Therefore up to 8 UL layers SU-MIMO should be supported, for both FR1 and FR2, and both codebook and non-codebook based PUSCH.
For both codebook and non-codebook based PUSCH transmission, the DMRS port(s) and PUSCH layer(s) are one-to-one mapped. Therefore if the maximum number of layers for UL is extended to 8 from 4, the maximum number of DMRS ports that can be indicated for UL should also be extended to 8. 
In Rel-17, same designs are used for DMRS for PDSCH and PUSCH in CP-OFDM, except for the following indication mechanisms:
· For PUSCH, DMRS is indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI/SRI;
· For PDSCH, DMRS is indicated from all ports combinations.
For DMRS indication for UL 8Tx in Rel-18, same DMRS indication mechanism as that in Rel-17 can be used, i.e., DMRS is indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI/SRI. For DMRS indication for RI = 5/6/7/8, same DMRS port combinations as that for RI=5/6/7/8 for DL can be used.
Proposal 13: For DMRS indication for UL 8Tx with more than 4 layers, one DMRS indication field is used, with DMRS indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI/SRI.
Proposal 14: If more than 4 layers are supported for UL 8Tx, for DMRS indication for RI = 5/6/7/8, same DMRS port combinations as that for RI=5/6/7/8 for DL are used.
Conclusions
In this contribution, enhancements on increasing number of orthogonal DMRS ports and enhancements for UL 8Tx are discussed. Based on the above discussion, we have the following observation and proposals:
Observation 1: When pre-coding assumption of interference of co-scheduled UEs is modelled according to Alt.2 and 2 layers are scheduled for each user, option 1 (enhance FD-OCC) achieves better performance than option 3 (sparser frequency allocation).
Proposal 1: Support option 1 (enhance FD-OCC) with FD-OCC length 4 for enhanced Type 2 DMRS.
Proposal 2: For port (1000+) 0~11 in enhanced Type 2 DMRS with option 1, ,  , correspondence between port and CDM group can be exactly the same as that in Rel-15 to facilitate co-scheduling of Rel-18 UE and Rel-15/16/17 UE.
Proposal 3: The following   can be considered for FD-OCC with length 4:
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Proposal 4: Support option 1 (enhance FD-OCC) with FD-OCC length 4 for enhanced Type 1 DMRS.
Proposal 5: With enhanced Type 1 DMRS (with FD-OCC length 4), gNB always schedules even PRBs.
Proposal 6: Support option 3 (sparser frequency allocation) to increase the maximum number of orthogonal DMRS ports.
Proposal 7: With option 3, power allocation and DMRS sequence initialization should be enhanced.
Proposal 8: With enhanced Type 1 DMRS (with option 3), gNB always schedules even PRBs.
Proposal 9: Compared with option 1 and option 3, option 2/4/5 can be studied with lower priority.
Proposal 10: If option 2/4/5 is supported, evaluation on PDSCH decoding time  is needed.
Proposal 11: Support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports.
Proposal 12: Rel.18 DMRS ports and Rel.15 DMRS ports are designed in separated tables.
Proposal 13: For DMRS indication for UL 8Tx with more than 4 layers, one DMRS indication field is used, with DMRS indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI/SRI.
Proposal 14: If more than 4 layers are supported for UL 8Tx, for DMRS indication for RI = 5/6/7/8, same DMRS port combinations as that for RI=5/6/7/8 for DL are used.
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