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1	Introduction
In RAN1#109-e, we have agreed evaluation methodologies and following agreements on enhancements on UL and DL DMRS operation [1]. 
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 Pattern 2-Aan 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
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
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
· 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. 

	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: [2]
…
[bookmark: _Hlk102068073]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
       …


2	Discussion on supporting up to 24 UL/DL DM-RS ports for Rel-18 
To enhance multiplexing capacity of downlink and uplink demodulation reference signal (DMRS) in for different use cases (e.g. MU-MIMO in DL and UL, C-JT in DL,), there is a need to study and if justified, increase the number of orthogonal antenna ports (AP) >12 for UL/DL DMRS in Rel-18.

2.1	Rel-18 DMRS Design Principles
Rel-18 target is to specify larger number of orthogonal DMRS port for DL and UL MU-MIMO with CP-OFDM without increasing DMRS overheads. In other words, the number of DMRS symbols can not be increased in Rel-18 with respect to legacy design. Furthermore, even though not explicitly stated in WD, UE processing times are expected to remain same level with respect to legacy. Moreover, to support existing ACK/NACK mechanisms, Rel-18 DMRS symbol locations should follow legacy way. Additionally, to support PDSCH/PUSCH mapping types A and B, Rel-18 symbol locations should follow legacy approach. Therefore, legacy front loaded single or double symbol UL/DL DMRS with additional 1-2 UL/DL DMRS should be reused in Rel-18. 
Observation 1: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
[bookmark: _Hlk102169497]Observation 2: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 1: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 2: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 

2.1.1	Antenna Port Multiplexing Options and RE-patterns
To increase the number of DMRS Aps, two different design principles can be used for Rel-18 antenna port and RE-pattern design as:
· Principle 1: increasing the number of CDM groups
· Principle 2: Increasing number of antenna ports per CDM group

Also, we have considered two approaches: comb-type (DMRS type-1) or contiguous type (DMRS type-2) based with the consideration of backward compatibility with the legacy pattern. 
In RAN1 #109e meeting, we have agreed with followings. 
	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 Pattern 2-Aan be applied to both single symbol DMRS and double symbol DMRS. 



Option 3/4 are based on design principle 1 while option 1/2 are based on the design principle 2. For option 5, it is unclear how to combine the options. In addition, for option 2 and option 4, we think these options are not compliant with the condition in WID objective, which is “without increasing the DM-RS overhead. Because additional DM-RS symbol is not baseline configuration, the overhead should be compared with the overhead of front-loaded DM-RS without additional DM-RS. We think that static or low mobility UEs may be the main usecase of Rel-18 DMRS, the basic comparison should be based on the front-loaded DM-RS only case. Because it always requires additional overhead, we don’t think option 2 and 4 are the valid option to study.  
Observation 3: Option 2 and Option 4 have confliction with WID restriction of “without increasing DM-RS overhead”, and they are not valid option under this work item. Option 5 is also similar option with option 2 in terms of overhead.  
So, we will focus the comparison of option 1 and 3 in this contribution.
Design principle 1: Increasing number of CDM groups (Option 3) 
Legacy type-1 pattern uses two CDM groups, and type-2 pattern uses three CDM groups. In order to increase the # of antenna ports, we can consider increasing the number of CDM groups double or more.
To increase the number of DMRS ports without increase the overhead, we can consider using more CDM groups. Increasing the number of CDM groups is equivalent to divide a legacy CDM group to more CDM groups, and this results in decreasing RE density per port. Two types of dividing can be considered; FDM and TDM, however, because TDM option has drawback of UL coverage issue due to symbol muting. To maintain common design principle between DL and UL DMRS we are only considering FDM options. And TD-OCC is always considered for all double-symbol DMRS patterns.
Observation 4: TDM of CDM group cause UL coverage problem, and it is beneficial not to consider TDM of CDM group for DL/UL symmetric design. 
Figure 1 shows two examples of design principle 1 up to 16-APs with two DMRS symbols (Pattern 1-A) and up tp 24-APs with two DMRS symbol (Pattern 1-B). As can be seen, both options reuse on legacy configuration type 1. For Pattern 1-A, the number of CDM groups is up to 4 with OCC-2 and comb-4 is used with density 3 (w/o OCC) and 1 (w/ OCC). For Pattern 1-B, the number of CDM groups is up to 6 with OCC-2 and comb-6 is used with density 1 (w/o OCC) and 1 (w/ OCC).
For Pattern 1-A and 1-B, the additional power boosting is possible by borrowing power from the empty REs used for the other ports. 6dB and 7.78dB power boosting is possible. However, because the RE separation for each OCC-2 pair is large, and the performance can be degraded with the frequency selective channel with longer delay spread. 
For Pattern 1-A, due to the number of REs is odd, per-PRB unique OCC pattern cannot be supported. To support OCC-2 with Pattern 1-A, one of simple option is using a bundling of 2 PRBs for OCC code generation. 
Observation 5: Pattern 1-A, extending type 1 DMRS pattern to 4 CDM groups, requires specification support for orphan REs in a PRB for OCC-2 support.  
Option 1-C is extension of DMRS type 2 increasing the number of CDM group from 3 to 6 maintaining OCC-2. It is also supporting 7.78dB power boosting of DMRS symbols. When using larger number of CDM groups, when the number of ports used are small, the remaining REs can be used for data transmission. 
Observation 6: Design principle 1 can provide support up to 16 and 24-APs with two DMRS symbols.
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Figure 1: Design principle 1: DMRS pattern 1- A/B/C , # of CDM groups are 4, 6 (type 1/type 2)
Design principle 2: groups Increasing number of antenna ports per CDM group (Option 1)
Figure 2 shows two examples of design principle 2 with 24-APs with two DMRS symbols: Pattern 2-A/B. As shown, both options reuse the existing RE mapping pattern and the number of CDM groups, while extending the FD-OCC length from 2 to 6(Patten 2-A) or 4 (pattern 2-B). To apply FD-OCC for the type 1 pattern, two PRBs should be bundled.  
[image: ]
Figure 2: Design principle 2: DMRS Patterns 2-A/B, Same RE pattern, OCC length of 4,6 
Figure 3 shows 5 examples of DMRS patterns with design principle 2 with 24-APs with two DMRS symbols: Pattern 3-A/B/C/D/E.  These patterns have different RE mapping pattern with legacy type 1 and type 2 patterns. Pattern 3-A is mixture of design principle 1 and 2, and increase the number of CDM groups from 2 to 3 and FD-OCC length is also increased from 2 to 4. Pattern 3-B is based on type 2 DMRS pattern with lower the number of CDM group from 3 to 2, while increasing OCC size from 2 to 6. For Pattern 3-C, the number of CDM groups is up to 3 with OCC-4 used with density 3 (w/o OCC) and 1 (w/ OCC). For Pattern 3-D, the number of CDM groups is up to 2 with OCC-6 is used with density 6 (w/o OCC) and 1 (w/ OCC).  For Pattern 3-E, the number of CDM groups is one with OCC-12 is used with density 12 (w/o OCC) and 1 (w/ OCC).  
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[bookmark: _Ref102089887]Figure 3: Design principle 2: DMRS Patterns 3-A/B/C/D/E, new RE patterns,  OCC length of 4,6 and 12


Observation 7: Design principle 2 can provide support with 6 different DMRS options up 24-APs with two DMRS symbols.
Table 1 shows the summary of the all options with respect to the # of CDM groups, FD-OCC level and compatibility with the legacy patterns. Rel-18 DMRS evaluation should consider several design considerations such as, channel delay spread, backward compatibility, PAPR etc.
Table 1. the summary of the considered options for DMRS patterns.
	Patterns
	# of CDM groups
	FD-OCC level
	Re-mapping pattern
	Maximum number of ports (double symbol)

	1-A 
	4
	FD-OCC2
	Type 1
	16

	1-B 
	6
	FD-OCC2
	Type 1
	24

	1-C 
	6
	FD-OCC2
	Type 2
	24

	2-A
	2
	FD-OCC6
	Type 1
	24

	2-B
	3
	FD-OCC4
	Type 2
	24

	3-A
	3
	FD-OCC4
	New, extended Type 1
	24

	3-B
	2
	FD-OCC6
	New, extended Type 2
	24

	3-C
	3
	FD-OCC4
	New, extended Type 2
	24

	3-D
	2
	FD-OCC6
	New, extended Type 2
	24

	3-E
	1
	FD-OCC12
	New, extended Type 2
	24



2.1.2	Multiplexing of DM-RS ports for MU-MIMO support 
In RAN1 #109e meeting, we have agreed to study following aspect.   
	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. 



In DL, for MU-MIMO support, UE should consider the status of the number of co-scheduled UE or ports for better PDSCH demodulation. For legacy UE only supporting Rel-16 DM-RS, it should expect at most 8/12 layers are scheduled in total. But, if the co-scheduled layers are beyond maximum of Rel-15/16 capacity, due to incorrect assumption for the co-scheduled UE, UE’s demodulation performance may be degraded. Total interference level can be more than expected. Thus, we think the multiplexing of Rel-15/16 and Rel-18 DM-RS should be deprioritized and supported only when its gain is clearly justified. 
For UL, since gNB has full scheduling information, it can be up to gNB scheduling without specification support. 
Observation 8: Multiplexing of legacy and Rel-18 DM-RS in DL may impact to PDSCH demodulation performance, while UL case can be managed by gNB implementation.
Proposal 3: Deprioritize multiplexing of legacy and Rel-18 DM-RS in DL . 
For MU-MIMO multiplexing for UE supporting Rel-18 DM-RS, only problem is if multiplexing multiple UEs in the same CDM group. Multiplexing UEs in different CDM group should be mandatory support for MU-MIMO. 
For DL, this can be restricted when higher DCI overhead is expected, otherwise we don’t see reason for such restriction.         
Proposal 4. Support multiplexing different UEs in the same CDM groups under reasonable DCI overhead.    

2.1.2	Seq	uence Generation
In Rel-15 for DL/UL CP-OFDM same DMRS sequence was repeated in REs in different DMRS groups causing PAPR increase (1-3 dB). To improve PAPR and CM performance of DMRS, Rel-16 specified a support to generate different sequences for different DMRS groups by using enhanced way to initialize pseudo-random sequence generator as follows:
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By using Rel-16 sequence generator initialization, the number of different CDM groups associated with sequences can be extended beyond existing (>3). By using Rel-16 sequence initialization and principle of associating different sequence to different CDM groups, the number of DMRS sequences can be easily scaled to support higher number of antenna ports.
Rel-16 design provides CDM group specific sequence initialization to reduce the PAPR, and the formular can support even more than 3 CDM groups. To support more than 3 CDM groups, nSCID should be clarified for the CDM group beyond 3, and the validity of the sequence should be studied if there is any duplication of the sequence according to different slot and symbol numbers. 
Observation 9: The validity of Rel-16 DMRS sequence initialization for beyond 3 CDM groups should be studied. 
Observation 10: By following Rel-16 sequence initialization and sequence association principles, the number of different DMRS sequence can be extended to support higher number of DMRS APs. 
When Rel-16 sequence initialization has limitation for # of CDM groups beyond 3, there are two options, one is to modify the formula and the other is to use decimated sequence with keeping the sequence to RE mapping of Rel-16. 
For the first option, CDM group indices can be extended to beyond 3. The sequence length for a given scheduled PRBs should be shortened. For example, when 4 CDM group is supported, sequence length should be 3NPRB. For the second option, the original sequence with length of 6NPRB is shared for two CDM groups, and only odd or even sequence is used for a single CDM group. In order to reduce the specification impact, we prefer to the second option to be applied when number of CDM groups are extended. 
Proposal 5: Leverage existing Rel-16 sequence initialization and sequence association principles for >12 AP DMRS design.  

2.2	Signaling and Configuration of Rel-18 DMRS
2.2.1	Indication of DM-RS configuration
To support large number of DM-RS ports, it is expected that the channel estimation performance is degraded when delay spread of the channel is not small or UE is in the mobility condition. Also, UE is not required to use Rel-18 DM-RS when the number of scheduling UEs in a scheduling instance. Thus, UE should be supported with both Rel-18 and legacy DM-RSs according to the scheduling condition. However, the DM-RS type is RRC-configured, to support both DM-RS patterns, additional specification support is needed. In Rel-17, DM-RS can be configured for different DCI types or different mapping types. For flexible scheduling of legacy or Rel-18 DM-RS for PDSCH/PUSCH, we can consider for introducing new DCI formats or new mapping type. However, this is only change of DMRS pattern, defining new DCI formats or mapping types is requiring specification complexity. Thus, simpler option such as using TDRA field can be further considered.
Proposal 6. Support the option to support both legacy DM-RS and Rel-18 DM-RS configurations for an UE, and study the options for supporting the schemes.  
2.2.2	Indication of Antenna Port mapping
To support large number of DM-RS ports with large number of combinations, DCI overhead should increase. In order to avoid DCI overhead, we have to introduce only very valid option specifically supported for Rel-18 DM-RS configuration. We can introduce principles to restrict the possible combinations. For DM-RS for PDSCH, the main use case should not be the large number of UEs with small rank for example 24 UEs with rank=1 or 12 UEs with rank=2. For DM-RS for PUSCH, large number of UEs with smaller rank is expected as the common use case, but to reduce DCI overhead, some restriction can be considered e.g. maximum # of layers per UE for Rel-18 DM-RS. For both DL and UL, assuming the same number of DCI bits for both Rel-18 and legacy, at most 16 or 32 combinations should be supported. 
Proposal 7. Strive not to increase DCI bits for Antenna port indication. 

2.3	Numerical Results
To see the performance of the proposed options in the previous section, we have performed link-level simulation across DM-RS patterns supping 24 ports with CDL-C channel (delay spread 30ns and 300ns) with consideration of SU/MU-MIMO scenario. We also evaluate PAPR and CM performance. Table 10 summarizes the link-level simulation parameters.
2.3.1 Delay spread 30ns
Figure 4 shows PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/o OCC. Table 3 summarizes PDSCH throughput results with rank=2 at 70%-tile. 
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Figure 4 SU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/o OCC
Table 2 summary of PDSCH throughput results w/ rank=2 at 70%-tile. 
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D

	70%-TP [dB]
	-6.40
	-5.73
	-4.17
	-4.17
	-6.40
	-5.73
	-5.74
	-6.40
	-5.73
	-6.40



Observation 11: Option 1-B/C shows performance loss due to large separation of two REs in a CDM group. There is slight performance gain with the patterns with larger FD-OCC6 (Patterns 2-A, 3-B/D) due to spreading gain.
Figure 5 shows SU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC. Table 4 summarizes PDSCH throughput results with rank=2 at 70%-tile.
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Figure 5 SU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC.

Table 3 summary of SU-MIMO PDSCH throughput results w/ rank=2 at 70%-tile, w/ OCC. 
	Pattern
	T1R16
	T2R16
	1-bB
	1-cC
	2-aA
	2-bB
	2-c3-A
	2-d3-B
	2-e3-C
	2-f3-D
	2-g3-EI

	70%-TP [dB]
	-5.36
	-4.45
	-2.58
	-2.57
	-2.84
	-2.80
	-2.80
	-2.84
	-2.79
	-2.85
	-2.91



Observation 12: When OCC is applied in SU-MIMO channel, new patterns provide similar performance. However, gain from larger OCC is visible in Table 4. Pattern 3-E, where OCC-12 is used provides the best performance. 
Observation 13: Worst case SU-MIMO scenario where ports are allocated to same resources. The main motivation for DMRS port increase is in MU-MIMO.
Next, we evaluate MU-MIMO scenario when orthogonality is broken due to frequency selectivity and multi-user interference. Figure 6 shows MU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC. Table 4 summarizes PDSCH throughput results with rank=2 at 70%-tile.
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Figure 6 MU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC.

Table 4 summary of MU-MIMO PDSCH throughput results w/ rank=2 at 70%-tile, w/ OCC. 
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D

	70%-TP [dB]
	-4.72
	-4.18
	-2.83
	-2.98
	-4.72
	-4.18
	-4.18
	-4.73
	-4.18
	-4.72



Observation 14: For Rank-2 with short delay and MU-MIMO channel, Rel-18 DMRS option G provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 (Patterns 2-A, 3-B/D) show relatively good performance, when compared to Legacy Type-1 option. 
Observation 15: For MU-MIMO the gain is not visible, only one-third of available DMRS ports are used with two users and rank-2.

2.3.2 Delay spread 300ns
Figure 7 shows PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS options, w/o OCC. Table 5 summarizes PDSCH throughput results with rank=2 at 70%-tile. 
Table 5 summary of SU-MIMO PDSCH throughput results w/ rank=2 at 70%-tile, w/o OCC. 
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D

	70%-TP [dB]
	-5.55
	-4.65
	-2.79
	-2.74
	-5.54
	-4.65
	-4.65
	-5.54
	-4.62
	-5.54



Observation 16: Without OCC and with delay spread 300ns different Rel-18 DMRS options work similarly as in delay spread 30ns scenario. OCC-6 (Patterns 2-A, 3-B/D) provides the best performance when compared to legacy methods.  

[image: ]
Figure 7 SU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/o OCC.
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Figure 8 SU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC.
Table 6 summary of SU-MIMO PDSCH throughput results w/ rank=2 at 70%-tile, w/ OCC. 
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D
	3-E

	70%-TP [dB]
	-4.23
	-3.13
	-0.96
	-0.99
	-1.28
	-1.28
	-1.27
	-1.27
	-1.24
	-1.31
	-1.42



Observation 17: All candidate patterns suffer performance degradation (1.7~3.2 dB) with DS=300ns compared to legacy patterns. 
Observation 18: Pattern 3-D provides the best performance within OCC-6 results. Similarly, as in SU-MIMO delay spread 30ns case OCC-12 (Pattern 3-E) provides the best performance between different Rel-18 DMRS options w/ OCC. 
Observation 19: DMRS patterns with OCC across consecutive REs provide better performance than DMRS patterns with OCC across non-consecutive REs.
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Figure 9 MU-MIMO PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, w/ OCC.
Table 7 summary of MU-MIMO PDSCH throughput results w/ rank=2 at 70%-tile, w/ OCC. 
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D

	70%-TP [dB]
	-4.28
	-3.43
	-1.73
	-1.89
	-4.27
	-3.44
	-3.43
	-4.25
	-3.42
	-4.27



Observation 20: For Rank-2 with longer delay and MU-MIMO channel, Rel-18 DMRS option 2-A and 3-D provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 (Patterns 2-A, 3-B/D) show relatively good performance, when compared to Legacy Type-1 option. 
Observation 21: For MU-MIMO the gain is not visible, only one-third of available DMRS ports are used with two users and rank-2.

2.3.3 PAPR and CM
Figure 10 PDSCH PAPR performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns. Table 5 summarizes PAPR performance results with rank=2 at 5%-level.
All patterns show the similar level of PAPR as Rel-16 type 1/2 patterns, Option I provide the best performance. 
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[bookmark: _Ref102092945]Figure 10 PAPR performance comparison w/ rank=2 between legacy and Rel-18 DMRS patterns, w/ OCC.
Table 8 summary of PAPR performance comparison for different DMRS options at 5%-level, w/ OCC.
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D
	3-E

	PAPR [dB]
	4.87
	4.90
	4.93
	4.93
	4.87
	4.90
	4.90
	4.87
	4.90
	4.87
	4.78



Observation 22: For Rank-2, PAPR performance is nearly equal level with all Rel-18 DMRS options. However, Rel-18 DMRS option I provides slightly better PAPR performances at 5%-level.

Figure 11 shows PDSCH CM performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS patterns, when OCC is applied. 
Table 5 summarizes CM performance results with rank=2 at 5%-level.
[image: ]
[bookmark: _Ref102093200]Figure 11 CM performance comparison w/ rank=2 between legacy and Rel-18 DMRS options, w/ OCC.
[bookmark: _Ref102093051]Table 9 Summary of CM performance comparison for different DMRS options at 5%-level, w/ OCC.
	Pattern
	T1R16
	T2R16
	1-B
	1-C
	2-A
	2-B
	3-A
	3-B
	3-C
	3-D
	3-E

	CM [dB]
	3.66
	3.72
	3.76
	3.76
	3.66
	3.72
	3.72
	3.66
	3.72
	3.66
	3.53



Observation 23: For Rank-2, Rel-18 DMRS pattern applying FD-OCC12 (3-E) shows the best performance. DMRS patterns applying FD-OCC6 (2-A, 3-B/D) and legacy type-1 provide slightly better CM performance than other patterns. 
Tables 10 summarize link-level evaluation assumptions for Rel-18 DL DMRS. 
Table 10 link level evaluation assumptions for Rel-18 UL/DL DMRS. 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Carrier Frequency
	4GHz.

	Channel model
	CDL-C in TR 38.901 with 30ns delay spread as baseline for SU-MIMO and MU-MIMO

	Delay spread
	30ns and 300ns

	UE velocity
	3km/h

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	MIMO Rank
	2

	UE number for MU-MIMO
	1, 2

	DMRS configuration 
	Single symbol DMRS without additional DMRS symbols and 1 additional DMRS symbol

	Link adaptation
	Adaptation of both MCS and rank for throughput evaluation

	HARQ
	Off

	Channel estimation
	Realistic channel estimation



3	Discussion on DM-RS enhancements for 8TX UL SU-MIMO support 

	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. 



3.1 8TX support with legacy DM-RS configuration	
8TX UL SU-MIMO support with existing DM-RS configuration only requires update for the signaling. For supporting 8TX, double symbol DM-RS should be used which is RRC-configured. According to UE capability, NW will configure double symbol DM-RS for PUSCH. 
For antenna port indication in DCI, antenna port mapping is determined by both “Precoding information and number of layers” and “Antenna ports” fields. The number of bits for Antenna ports field when maxLength=2 is specified as below.  
· 4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if transform precoder is disabled, dmrs-Type=1, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook; 
· 5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if transform precoder is disabled, dmrs-Type=2, and maxLength=2, and the value of rank is determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the Precoding information and number of layers field if the higher layer parameter txConfig = codebook.

Signaling of UL DM-RS port mapping is different from DL DM-RS port mapping, so we cannot reuse DL DM-RS port mapping table for UL 8TX case.
Observation 24: DL/UL DM-RS port mapping principle is different, and reuse DL table for UL port mapping may not be supported.   
Because up to 8TX support is only used for SU-MIMO, only single DM-RS port mapping is enough, and 4 or 5 bits for “Antenna port(s)” field can be further optimized. 
Proposal 8: Study optimal DCI design considering with both “Antenna Port(s)” field and “Precoding information and number of layers” field.
For DM-RS to PT-RS port mapping, without increase the maximum number of PT-RS port beyond 2, similar approach in Rel-16 can be used. For non-codebook, each port can be configured with either PTRS port 0 or PTRS port 1. For codebook, it can be determined by TPMI applied for 8 TX ports. Because the TPMI design as well as non-codebook design for 8TX is still under discussion, we can defer the DM-RS to PT-RS mapping after completion of key decisions in the other agenda item (i.e. AI 9.1.4)  
Observation 15: Same principle of Rel-16 DM-RS to PT-RS mapping can be used. Further detail can be discussed after design of TPMI in the other agenda item. 

3.2 8TX support with Rel-18 DM-RS configuration
Rel-18 DM-RS can support up to 8 or 12 layers per symbol, and when Rel-18 DM-RS is used, UL spectral efficiency can be improved by reducing DM-RS overhead by half. Thus, we propose to support 8TX UL SU-MIMO with Rel-18 DM-RS. 
Proposal 9: Support 8 TX UL SU-MIMO with Rel-18 DM-RS.

4	Conclusions
In the previous sections, the following observations and proposal have been made:
For support of upto 24 DMRS ports, 
Observation 1: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
Observation 2: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 1: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 2: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 
Observation 3: Option 2 and Option 4 have confliction with WID restriction of “without increasing DM-RS overhead”, and they are not valid option under this work item. Option 5 is also similar option with option 2 in terms of overhead.  
Observation 4: TDM of CDM group cause UL coverage problem, and it is beneficial not to consider TDM of CDM group for DL/UL symmetric design. 
Observation 5: Pattern 1-A, extending type 1 DMRS pattern to 4 CDM groups, requires specification support for orphan REs in a PRB for OCC-2 support.  
Observation 6: Design principle 1 can provide support up to 16 and 24-APs with two DMRS symbols.
Observation 7: Design principle 2 can provide support with 6 different DMRS options up 24-APs with two DMRS symbols.
Observation 8: Multiplexing of legacy and Rel-18 DM-RS in DL may impact to PDSCH demodulation performance, while UL case can be managed by gNB implementation.
Proposal 3: Deprioritize multiplexing of legacy and Rel-18 DM-RS in DL . 
Proposal 4. Support multiplexing different UEs in the same CDM groups under reasonable DCI overhead.    
Observation 9: The validity of Rel-16 DMRS sequence initialization for beyond 3 CDM groups should be studied. 
Observation 10: By following Rel-16 sequence initialization and sequence association principles, the number of different DMRS sequence can be extended to support higher number of DMRS APs. 
Proposal 5: Leverage existing Rel-16 sequence initialization and sequence association principles for >12 AP DMRS design.  
Proposal 6. Support the option to support both legacy DM-RS and Rel-18 DM-RS configurations for a UE, and study the options for supporting the schemes. 
Proposal 7. Strive not to increase DCI bits for Antenna port indication.    
Observation 11: Option 1-B/C shows performance loss due to large separation of two REs in a CDM group. There is slight performance gain with the patterns with larger FD-OCC6 (Patterns 2-A, 3-B/D) due to spreading gain.
Observation 12: When OCC is applied in SU-MIMO channel, new patterns provide similar performance. However, gain from larger OCC is visible in Table 4. Pattern 3-E, where OCC-12 is used provides the best performance. 
Observation 13: Worst case SU-MIMO scenario where ports are allocated to same resources. The main motivation for DMRS port increase is in MU-MIMO.
Observation 14: For Rank-2 with short delay and MU-MIMO channel, Rel-18 DMRS option G provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 (Patterns 2-A, 3-B/D) show relatively good performance, when compared to Legacy Type-1 option. 
Observation 15: For MU-MIMO the gain is not visible, only one-third of available DMRS ports are used with two users and rank-2.
Observation 16: Without OCC and with delay spread 300ns different Rel-18 DMRS options work similarly as in delay spread 30ns scenario. OCC-6 (Patterns 2-A, 3-B/D) provides the best performance when compared to legacy methods.  
Observation 17: All candidate patterns suffer performance degradation (1.7~3.2 dB) with DS=300ns compared to legacy patterns. 
Observation 18: Pattern 3-D provides the best performance within OCC-6 results. Similarly, as in SU-MIMO delay spread 30ns case OCC-12 (Pattern 3-E) provides the best performance between different Rel-18 DMRS options w/ OCC. 
Observation 19: DMRS patterns with OCC across consecutive REs provide better performance than DMRS patterns with OCC across non-consecutive REs.
Observation 20: For Rank-2 with longer delay and MU-MIMO channel, Rel-18 DMRS option 2-A and 3-D provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 (Patterns 2-A, 3-B/D) show relatively good performance, when compared to Legacy Type-1 option. 
Observation 21: For MU-MIMO the gain is not visible, only one-third of available DMRS ports are used with two users and rank-2.
Observation 22: For Rank-2, PAPR performance is nearly equal level with all Rel-18 DMRS options. However, Rel-18 DMRS Pattern 3-E provides slightly better PAPR performances at 5%-level.
Observation 23: For Rank-2, Rel-18 DMRS options applying FD-OCC6 (2-A, 3-B/D) and legacy type-1 provide slightly better CM performance than other patterns. 
For support of 8TX UL,
Observation 24: DL/UL DM-RS port mapping principle is different, and reuse DL table for UL port mapping may not be supported.   
Because up to 8TX support is only used for SU-MIMO, only single DM-RS port mapping is enough, and 4 or 5 bits for “Antenna port(s)” field can be further optimized. 
Proposal 8: Study optimal DCI design considering with both “Antenna Port(s)” field and “Precoding information and number of layers” field.
Proposal 9: Support 8 TX UL SU-MIMO with Rel-18 DM-RS.

5 References 
[1] [bookmark: _Ref525556233]3GPP RAN1 #109e Chairman Note, 
[2] RP-213517, “MIMO Evolution for Downlink and Uplink”, Samsung.

image1.png
Pattern 1-A

TD-OCC2

7300-a4

Type 1,4 CDM groups
8 ports per symbol
Max 16 ports

Pattern 1-B

TD-OCC2
)

——

7300-a4

Type 1,6CDM groups
12 ports per symbol
Max 24 ports

Pattern 1-C

TD-OCC2

7300-a4

Type 2, 6CDM groups
12 ports per symbol
Max 24 ports




image2.png
Pattern 2-A

TD-OCC2

Type 1, Comb-2,

2 CDM groups

12 ports per symbol
Max 24 ports

9220-a4

Pattern 2-B

TD-OCC2

¥220-a4

Type 2,3 CDM groups
12 ports per symbol
Max 24 ports




image3.png
Pattern3-A Pattern 3-B

TD-OCC2 TD-OCC2

]

)

9220-a4

|
¥220-a4
Y

Type 1, Comb-3,

3 CDM groups

12 ports per symbol
Max 24 ports

Type 2,2 CDM groups
12 ports per symbol
Max 24 ports

Pattern 3-C
TD-0CC2
“\—
[ \
3
- 0
o
I

Type 2,3 CDM groups
12 ports per symbol
Max 24 ports

Pattern 3-D

TD-OCC2

| |

I
9220-a4

Type 2,2 CDM groups
12 ports per symbol
Max 24 ports

Pattern 3-E

TD-OCC2

)
| |

Type 2,1 CDM group
12 ports per symbol
Max 24 ports

Z¢1220-a4




image4.png
2 A 2
Cinit = (z” (Ngosonbe+1+1) (zzvm““’ + 1) +2v IEJ + 2N + ﬁgm) mod 2°*




image5.jpeg
NR SU-MIMO 4GHz, PDSCH 20MHz CDLC30ns scs(30kHz)

Throughput ratio over maximum [%]

= = =Rel16type 1
= Rel-16 type 2
Pattern 1-8

Pattern 2-8
~ ~ ~Pattern 3-A
<= Pattern 3-8
Pattern 3-C
~ ~ ~Pattern 3.0

-15 -10 5 0
SNR [dB]

5 10





image6.jpeg
NR SU-MIMO 4GHz, PDSCH 20MHz CDLC30ns scs(30kHz)

== =Rell6type1
0.9 |mnmem Rel-16 type 2
Pattern 1-8
0.8] |- = =Pattem 1.C.
===+~ Pattern 2-A
07 Pattern 2.8
= = =Pattern 3.4
|=-me= Pattern 3-8
0.6 Pattern 3.C
= = - Pattern 30
05|

0.4

03

0.2

Throughput ratio over maximum [%]

0.1

-15 -10 5 0 5 10
SNR [dB]




image7.jpeg
NR MU-MIMO 4GHz, PDSCH 20MHz CDLC30ns scs(30kHz)

Throughput ratio over maximum [%]

20

[~ = =Rell6type 1
=== Rel-16 type 2
Pattern 1-8
= = = Pattern 1.
| ===~ Pattern 2-A
Pattern 2-8
= = = Pattern 3.A
[===== Pattern 3.8
Pattern 3-C
|~ = -~ Pattern 3:0

15 10

5
SNR [dB]

10





image8.jpeg
0.4

03

0.2

Throughput ratio over maximum [%]

0.1

,NR SU-MIMO 4GHz, PDSCH 20MHz CDLC300ns scs(30kHz)

= = =Rel16type 1
Rel-16 type 2
Pattern 1-8

- = ~Pattern 1-C
Pattern 2-A
Pattern 2-8

- - -Pattern 3-A
Pattern 3-8
Pattern 3-C

- - - Pattern 3.0

-15 -10 5 0 5 10
SNR [dB]




image9.jpeg
NR SU-MIMO 4GHz, PDSCH 20MHz CDLC300ns scs(30kHz)

0.4

03

0.2

Throughput ratio over maximum [%]

0.1

[~ = =Rell6type 1
= Rel-16 type 2
Pattern 1-8
= = = pattern 1.
===~ Pattern 2-A
Pattern 2-8
= = = Pattern 3.A
~ Pattern 3-8
Pattern 3-C
|~ = - Pattern 3.
~ Pattern 3-E

15 10

5 0
SNR [dB]

10





image10.jpeg
NR MU-MIMO 4GHz, PDSCH 20MHz CDLC300ns scs(30kHz)
s =

[~ = =Rell6type 1
=== Rel-16 type 2
Pattern 1-8
= = = Pattern 1.
| ===~ Pattern 2-A
Pattern 2-8
= = = Pattern 3.A
[===== Pattern 3.8
Pattern 3-C
|~ = -~ Pattern 3:0

Throughput ratio over maximum [%]

-20 -15 -10 5 0 5 10
SNR [dB]




image11.jpeg
NR 4GHz, 10MHz 2x2 scs(15kHz)

[~ = =Rell6type 1
= Rel-16 type 2
Pattern 1-8
|~ = = Pattern 1-C
~ Pattern 2-A
Pattern 2-8
= = = Pattern 3.4
~ Pattern 3-8
Pattern 3-C
|~ ~ = Pattern 3.0
~ Pattern 3-E

0 1 2 3 4 5
DMRS PAPR [dM]




image12.jpeg
NR 4GHz, PxSCH 10MHz 2x2 scs(15kHz)

= = =Rell6type 1
Rel-16 type 2
Pattern 1-8
~ = =Pattern 1-C.
Pattern 2-A
Pattern 2-8
~ = ~Pattern 3-A
Pattern 3-8
Pattern 3-C
-~ ~ ~Pattern 3.0
Pattern 3-

32 33 34 35 36 37 38 3.9
DMRS CM [dM]




