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Introduction
In the previous RAN #94 meeting, the following Rel-18 WIDs have been approved for DMRS enhancement, including DMRS ports enhancement for MU-MIMO and 8Tx UL DMRS [1]. 
	Objective 3:
Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
Objective 6:
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, potential solutions for DMRS port enhancement for MU-MIMO are further discussed. Link-level simulation results are given to compare the BLER performance between the potential solutions.  Besides, the DMRS ports indication for Rel-18 MU-MIMO and 8Tx DMRS are also analyzed.

Larger number of DMRS ports for MU-MIMO
Five potential solutions have been proposed for increasing the number of DMRS ports for PDSCH/PUSCH in Rel-18 [2]. Generally, these potential solutions can be classified in two main directions, i.e., increasing the number of DMRS ports in each CDM group and increasing the number of CDM groups.  
	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
· 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.


Enhanced FDM schemes
FDM with sparser comb
To double the number of DMRS ports, one potential way is to further reduce the frequency density of DMRS ports with sparser frequency allocation, e.g., with a sparser comb design. For DMRS type 1, its pattern can be regarded as a comb-2 design, since 6 REs are occupied at a regular interval of one RE in each RB by a DMRS port. Therefore, a comb-4 structure can be introduced to further reduce the frequency density for DMRS type 1. That means there are only 3 REs occupied uniformly by a port of DMRS type 1 in each RB. For DMRS type 2, its pattern does not follow the comb structure in the current design. However, by selecting one RE from two adjacent REs, a comb-6 structure can be achieved for DMRS type 2, where there are only 2 REs occupied uniformly by a port of DMRS type 2 in each RB. 
Based on comb-4/comb-6, the number of CDM groups of DMRS type 1/2 is doubled, and the number of DMRS ports multiplexed in each CDM group is the same as the current DMRS design. In Figure 1, examples are given to show the pattern of DMRS type1 with comb-4 and DMRS type 2 with comb-6.
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a) DMRS type 1
	[image: ]
b) DMRS type 2


The patterns of DMRS type 1 with comb-4 and DMRS type 2 with comb-6
[bookmark: _Hlk101802447]For DMRS type 1 with comb-4, how to map the FD-OCC would be an issue. One direct solution is to define the scheduling granularity as 2 RBs with FD-OCC=2. Another solution is to apply two channel estimation (CE) in one RB for FD-OCC=2 decoding, which can address the scheduling granularity issue. Moreover, introducing FD-OCC=3 is also one possible way to address the issue. For the comb-6 design of DMRS type 2, FD-OCC=2 can be mapped on the two REs in each RB.
Two channel estimations for FD-OCC=2 decoding in one RB can be applied to DMRS type 1 with comb-4.

FDM with sparser bundle
Another scheme to reduce the frequency density of DMRS ports is based on sparser bundle. Each bundle includes two adjacent REs of the total REs occupied by a DMRS port, which is associated with FD-OCC=2 mapping. In Figure 2, an example is given to show the pattern of DMRS type1 with sparser bundle. It can be observed that a total of 6 REs associated with 3 bundles are occupied across 2 RBs for each DMRS port of DMRS type 1. Regarding DMRS type2, it is obvious that occupied 4 REs in each RB by a DMRS port can be divided into two sparser bundles, each bundle with two adjacent REs can be assigned to one CDM group as shown in Figure 3. 
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The pattern of DMRS type 1 with sparser bundle
[image: ]
The pattern of DMRS type 2 with sparser bundle
From the perspective of the density of occupied REs, FDM with sparser bundle is similar to FDM with sparser comb. FDM with sparser bundle can also achieve the target to double the number of DMRS CDM groups. Since FDM with sparser bundle can be used for DMRS type 1 and DMRS type 2 based on the same design principle with FD-OCC=2, it can lead to a unified design for both DMRS types with up to 4 CDM groups.
FDM with sparser bundle based on FD-OCC=2 can lead to a unified design for both DMRS type1 and DMRS type2.
Enhanced FD-OCC schemes
In the last meeting, a working assumption has been achieved that at least enhanced FD-OCC would be supported for Rel-18 DMRS[3]. There are two potential lengths of FD-OCC that have been proposed for both DMRS type 1 and type 2, i.e., FD-OCC=4 and FD-OCC=6. Therefore, whether to support FD-OCC=4 or FD-OCC=6 need to be further discussed. Moreover, how to design the code of FD-OCC is another key issue after determining the length of FD-OCC.
	Working Assumption
To increase the number of DMRS ports for PDSCH/PUSCH, support at least Opt.1 (introduce larger FD-OCC length than Rel.15 (e.g., 4 or 6)).
· FFS: FD-OCC length for Rel.18 DMRS type 1 and type 2.
· FFS: Whether it is needed to handle potential performance issues of Opt 1. For example, study if there is performance loss in case of large delay spread scenario. If needed, how (e.g. additionally support other options).
Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:
· For Rel.18 DMRS type 1, down select from the following in RAN1#110bis-e:
· Opt.1-1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group.
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group
· For Rel.18 DMRS type 2:
· Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group
· FFS: Support of length 6 FD-OCC



FD-OCC=4
For the current DMRS ports in the same CDM group, FD-OCC=2 is used to multiplex two DMRS ports on the same set of REs on the OFDM symbol. Therefore, one natural way is to double the number of DMRS ports in each CDM group by introducing FD-OCC=4. For DMRS type2, FD-OCC=4 can be mapped directly on the 4 REs in each RB occupied by a DMRS port. 
However, for DMRS type 1, since there are 6 REs occupied by a DMRS port in one RB, FD-OCC=4 mapping on the 6 REs is not straightforward. To address this issue, two potential solutions can be considered for DMRS type 1 as follows. 
· Scheduling-based solution: Define the scheduling granularity as 2 RBs 
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Three channel estimations for FD-OCC=4 decoding on per two RBs
As shown in Figure 4, FD-OCC=4 decoding on RE # 8, RE #10 in RB 1 and RE #0, RE #2 in RB 2 would be performed in one CE window across RBs. Based on scheduling-based solution, three FD-OCC=4 decoding would be performed per two RBs.
· Receiver-based solution: Perform two channel estimations for FD-OCC=4 decoding in one RB. 
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[bookmark: _Ref101897732]Two channel estimations for FD-OCC=4 decoding in one RB
As shown in Figure 5, it can be observed that two FD-OCC=4 decoding are performed in two CE windows separately. In each CE window, the receiver can estimate the channel of DMRS ports based on the orthogonal codes of FD-OCC=4. In this case, the channel associated with RE #4 and RE #6 would be estimated twice. Then how to deal with these two results of channel estimation on RE #4 and RE #6 is up to implementation, e.g., the result of channel estimation on RE #4 is based on CE window 1 while the result of channel estimation on RE #6 is based on CE window 2 individually, or the results of channel estimation on RE #4 and RE #6 are equal to the average result of CE window 1 and 2. It should be noticed that after two FD-OCC=4 decoding, only one MMSE filtering operation would be performed to complete the channel estimation in each PRG (2/4/wideband). Therefore, the receiver complexity is acceptable, just with more additive operations when performing the FD-OCC=4 decoding.
Two channel estimations for FD-OCC=4 decoding can be performed in one RB with limited receiver complexity increasing.
It is up to receiver implementation whether to perform two channel estimations for FD-OCC=4 decoding in each RB or just in the orphan RB.
The advantage of receiver-based solution is that there is no restriction on the number of scheduled RBs for PDSCH/PUSCH, even or odd. In this case, the receiver can perform two channel estimations for FD-OCC=4 decoding in all RBs or even just in the orphan RB. 
Performing two channel estimations for FD-OCC=4 decoding has no restriction on the number of scheduled RBs for PDSCH, even or odd.
Support to perform two channel estimations for FD-OCC=4 decoding in one RB to address the orphan RB issue of DMRS type 1 without any specification effort.

FD-OCC=6
FD-OCC=6 can also be used to multiplex the ports of DMRS type 1, where the FD-OCC codes can be exactly mapped on the 6 REs per RB for each DMRS port. However, there are three key issues with FD-OCC=6 that should be noticed as follows. 
· New FD-OCC codes with a length of 6 should be designed. For instance,4 new codes such as DFT sequences or CGS with a length of 6 should be designed to double the number of DMRS ports and keep the orthogonality of DMRS ports in each CDM group.  
· The performance of channel estimation may be degraded based on FD-OCC=6, especially when the delay spread is large. 
· FD-OCC=6 is more suitable for DMRS type 1 than DMRS type 2, which would lead to different FD-OCC designs for two DMRS types.
4 new codes of FD-OCC=6 need to be designed to double the number of DMRS ports in each CDM group, if FD-OCC=6 is supported.
FD-OCC=6 is more suitable for DMRS type 1 than DMRS type 2, which would lead to different FD-OCC designs for two DMRS types.
Support the same design principle of enhancement on both DMRS type 1 and type 2 in Rel-18.

Evaluation on enhanced FD-OCC
To compare different schemes based on enhanced FD-OCC and FDM, link-level evaluations are given below to compare the potential solutions for DMRS port enhancement in Rel-18. Single symbol DMRS without additional symbols is assumed in the evaluation. In the previous meeting, there were three alternatives proposed to model the precoding assumption and interference of co-scheduled UEs, and power offset P was defined to control the interference of co-scheduled UEs with the candidate value set of {0dB, -3dB, -6dB}. However, in our preliminary evaluations, it’s observed that the interference of -6dB per UE is too large for the target UE to demodulate PDSCH with 16QAM. After several tries, we observe that the interference of -9dB per UE is acceptable for PDSCH with 16QAM, but it’s still too large to demodulate PDSCH with 64QAM. Therefore, a lower interference level such as -12dB or -18dB per UE is modeled in our evaluations for 16QAM and 64QAM with code rate=0.5.


· DMRS Type 1
· 2 UEs co-scheduled in MU-MIMO
To compare the potential enhancements with legacy DMRS design, i.e., based on FD-OCC=2, 2 UEs are co-scheduled in MU-MIMO, and each UE is assumed with 1 layer for PDSCH transmission. Besides, one DMRS port is assumed for each UE, and both DMRS ports are from the same CDM group. 
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a) 16QAM, DS=30
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b) 16QAM, DS=300
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c) 64QAM, DS=30
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d) 64QAM, DS=300


The BLER performance of R18 DMRS type 1 in MU-MIMO with 2 UEs
In Figure 6, we can observe that when the delay spread is small (DS=30ns), the BLER performances of these potential solutions are similar, especially when the modulation order is 16QAM. However, when the delay spread is increased (DS=300ns), two FD-OCC based enhancements would outperform two FDM based enhancements. Moreover, FD-OCC=4 with two channel estimations in one RB has almost the same performance as FD-OCC=4 with 2RB as scheduling granularity. The performance of FD-OOC=6 degrades obviously in the case of large delay spread.

· 4 UEs co-scheduled in MU-MIMO
Each UE is assumed with 1 layer for PDSCH transmission, and one DMRS port is assumed for each UE. For FD-OCC=4 and FD-OCC=6, 4 DMRS ports are from the same CDM group. For FDM with comb-4 and sparser bundle, 4 DMRS ports are from two different CDM groups, where each pair of DMRS ports belong to the same CDM group based on FD-OCC=2. 
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a) 16QAM, DS=30
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b) 16QAM, DS=300


The BLER performance of R18 DMRS type 1 in MU-MIMO with 4 UEs
As shown in Figure 7, when 4 UEs are co-scheduled in MU-MIMO, FD-OCC=4 still has better performance than FD-OCC=6 and two enhanced FDM schemes with large delay spread. 
For DMRS type 1, the performance degradation of FD-OCC=4 is acceptable, compared with FD-OCC=2. 
For DMRS type 1, FD-OCC=4 with two channel estimations in one RB has a similar performance to FD-OCC=4 with 2RB as scheduling granularity.
[bookmark: _Hlk111211976]For DMRS type 1, FD-OCC=4 outperforms FD-OCC=6 and enhanced FDM schemes in the case of large delay spread.

· DMRS Type 2
· 2 UEs co-scheduled in MU-MIMO
Each UE is assumed with 1 layer for PDSCH transmission. One DMRS port is assumed for each UE, and both DMRS ports are from the same CDM group.
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a) 16QAM, DS=30
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b) 16QAM, DS=300
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c) 64QAM, DS=30
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d) 64QAM, DS=300


 The BLER performance of R18 DMRS type 2 in MU-MIMO with 2 UEs
As shown in Figure 8, due to the frequency sparsity of DMRS type 2, the BLER performance of PDSCH based on DMRS type 2 cannot do better than based on DMRS type 1, especially with FDM based enhancement. When the delay spread is small (DS=30ns), the performance gap between different DMRS schemes is not obvious. However, when the delay spread is large (DS=300ns), it can be observed that the performance of FD-OCC=4 is much better than FDM. In the case of 64QAM, the performance gap between FD-OCC=4 and FDM schemes is about 3dB.

· 4 UEs co-scheduled in MU-MIMO
Each UE is assumed with 1 layer for PDSCH transmission, and one DMRS port is assumed for each UE. For FD-OCC=4, 4 DMRS ports are from the same CDM group. For FDM with comb-6 and sparser bundle, 4 DMRS ports are from two different CDM groups, where each pair of DMRS ports belong to the same CDM group based on FD-OCC=2.
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a) 16QAM, DS=30
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b) 16QAM, DS=300


 The BLER performance of R18 DMRS type 2 in MU-MIMO with 4 UEs
As shown in Figure 9, for DMRS type 2, when 4 UEs are co-scheduled in MU-MIMO, FD-OCC=4 has an obvious gain over two FDM schemes with large delay spread.
For DMRS type 2, the performance of enhanced FDM schemes slumps in the case of large delay spread.
For DMRS type 2, FD-OCC=4 outperforms enhanced FDM schemes in the case of large delay spread significantly.
Support FD-OCC=4 for both DMRS type 1 and type 2 enhancement in Rel-18, instead of FD-OCC=6 and enhanced FDM schemes.

Enhanced TDM/TD-OCC schemes
TD-OCC on the additional symbol
In the current DMRS design, to multiplex more ports within one CDM group, DMRS can be configured with double-symbol, then TD-OCC=2 is applied to ensure the orthogonality among the DMRS ports. To further increase the number of DMRS ports, extending TD-OCC on the additional symbol is a possible way to double the number of DMRS ports in each CDM group, such as TD-OCC=4 on the additional symbol as shown in Figure 10. However, from the perspective of DMRS overhead, extending TD-OCC on the additional symbol would increase the overhead of DMRS compared with other solutions, e.g., FD-OCC=4.
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The pattern of DMRS type 1 with TD-OCC=4 on the additional symbol

TDM on the additional symbol
In order to double the DMRS ports, TDM-based enhancement on DMRS can be introduced to increase the CDM group in the additional symbol of DMRS. Based on TDM, new CDM groups are mapped only on the additional symbol. The main difference from extending TD-OCC on the additional symbol is that while extending TD-OCC on the additional symbol is used to increase the number of DMRS ports in each CDM group, TDM is used to increase the number of CDM groups. Figure 11 shows an example of the pattern of DMRS type 1 with TDM. TDM on the additional position of DMRS would also increase the total overhead of DMRS and restrict the configurable number of the additional symbol.
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The pattern of DMRS type 1 with TDM on the additional symbol
Enhanced TD-OCC=4 and TDM on the additional symbol of DMRS would increase the overhead of DMRS compared with other solutions, e.g., FD-OCC=4.
Enhanced TD-OCC=4 and TDM on the additional symbol of DMRS would restrict the configurable number of the additional symbol.

Evaluation on TD-OCC on the additional symbol
To evaluate the performance of TD-OCC on the additional symbol in case of large delay spread, the throughput performance of TD-OCC=2, FD-OCC=4 and TD-OCC=2 on the additional symbol is compared based on LLS simulation with AMC enabled. In the evaluation, single symbol DMRS is assumed, and 2 UE are scheduled in MU-MIMO where each UE is indicated with one DMRS port in the same CDM group.
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a) AMC, DS=300
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b) AMC, DS=1000


The performance of FD-OCC=4 vs. enhanced TD-OCC on the additional symbol
In Figure 12, it can be observed that FD-OCC=4 outperforms TD-OCC on the additional symbol from the perspective of throughput even in case of large delay spread (DS=300/1000ns), since TD-OCC on the additional symbol would require more DMRS overhead.
From the perspective of throughput, FD-OCC=4 outperforms TD-OCC on the additional symbol even in the case of large delay spread.
Support pure FD-OCC=4 as the unique solution for DMRS enhancement in Rel-18.

Enhancement on DMRS port indication and co-existing
Scheduling legacy UE and Rel-18 UE in MU-MIMO
	Agreement
Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
· For MU-MIMO by different CDM groups, no MU-MIMO scheduling restriction of PUSCH/PDSCH (i.e., MU-MIMO between Rel.15 UE and Rel.18 UE is allowed).
· For MU-MIMO within a CDM group, study whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.
· Note: the study includes MU-MIMO between Rel.15 UE and Rel.18 UE, and between Rel.18 UEs.
· Note: PUSCH above is CP-OFDM waveform.


When Rel-18 UEs and legacy UEs both exist in the network, for the overall efficiency of the network, scheduling of Rel-18 UEs and legacy UEs together in MU-MIMO should be supported. However, how to multiplex DMRS ports for legacy UEs and Rel-18 UEs is the issue, which may depend on the design of the Rel-18 DMRS pattern. 
Considering FD-OCC=4 which has been supported in Rel-18, it would be an issue to schedule legacy UEs and Rel-18 UEs in the same CDM group, since the DMRS ports with FD-OCC=4 would cause interference to the legacy DMRS ports with FD-OCC=2 if the FD-OCC sequences of DMRS ports of legacy UE and Rel-18 UE are not orthogonal. Besides, for enhanced FDM scheme with sparser comb or bundle, legacy DMRS ports and Rel-18 DMRS ports would also be not fully compatible. Legacy DMRS ports would cause interference on the frequency positions where Rel-18 DMRS ports exist if the FD-OCC sequences of DMRS ports of legacy UE and Rel-18 UE are not orthogonal.
However, there is no restriction related to orthogonality on DMRS port indication for MU-MIMO in the current specification. It is up to the network to ensure the DMRS ports indicated to UEs are orthogonal as much as possible. Due to the limited number of orthogonal DMRS port, the network can even configure different scramblingID of DMRS to UEs in MU-MIMO, which would lead to non-orthogonal MU-MIMIO scheduling in the current network. Therefore, it is unnecessary to introduce an additional restriction on the indicated DMRS ports per UE in MU-MIMO.
It is up to the network to ensure indicated DMRS ports for UEs are orthogonal as much as possible in MU-MIMO.
It is unnecessary to introduce orthogonality restriction on the indicated DMRS ports for MU-MIMO in the specification.
DMRS port indication for the larger number of DMRS ports
	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
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).


In the current spec, many specific tables for DMRS ports indication are specified in TS 38.212. In Rel-18, there would be more DMRS ports available for MU-MIMO scheduling. Therefore, how to enhance the indication of DMRS port(s) is an important issue for Rel-18 DMRS enhancement. 
When a Rel-18 UE is indicated with the Rel-18 DMRS ports for PDSCH/PUSCH transmission, the channel estimation performance would be degraded compared to channel estimation based on the legacy DMRS ports. Therefore, when the traffic load or the number of UEs in MU-MIMO is changed, switching back to DMRS ports between legacy DMRS ports and Rel-18 DMRS ports shall be supported for different needs. Two directions can be considered for DMRS port switching.
· Alt 1: Switch the table for DMRS ports indication
· Alt 2: Switch the DMRS ports in the same table
Regarding Alt 1, for instance, semi-static switching the table for DMRS ports indication could be achieved by high-layer signaling such as RRC, and then new DMRS ports would be indicated in DCI when scheduling the PDSCH/PUSCH. Regarding Alt 2, dynamic switching between legacy DMRS ports and Rel-18 DMRS ports can be achieved naturally. 
Two directions can be considered for switching between legacy DMRS ports and Rel-18 DMRS ports
· Alt 1: Switch the table for DMRS ports indication
· Alt 2: Switch the DMRS ports in the same table
Moreover, for FD-OCC=4, if dynamic switching between legacy DMRS ports and Rel-18 DMRS ports in the same table is supported for PDSCH, the key point is how to indicate the FD-OCC assumption to UE. There are two alternatives as follows.
· Alt 2-1: Indicate FD-OCC= 2 or FD-OCC= 4 in the entry, like LTE
· Alt 2-2: Use other fields in DCI
One easy way is to indicate FD-OCC2 or FD-OCC4 in the table, like LTE, the assumption of OCC2 and OCC4 are written in each entry in the table. Besides, other fields in DCI could also be considered, such as the value indicated in the antenna port field or other new fields.
Support dynamic switching between legacy DMRS ports and Rel-18 DMRS ports.
How to indicate the FD-OCC assumption for PDSCH DMRS should be further discussed if FD-OCC=4 is supported.
DMRS port indication for 8TX
	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
For > 4 layers PUSCH, support rank = 5,6,7,8 for both DMRS type 1/2, and for both single-symbol/double-symbol DMRS.


For uplink 8Tx transmission, there might be more than 4 layers of PUSCH transmission. In this case, more than 4 DMRS ports should be indicated to estimate the channel information for PUSCH transmission. In the current NR spec, downlink transmission already supports the DMRS port indication for PDSCH transmission with more than four layers. Therefore, it is better to reuse the DMRS port indication mechanism of PDSCH for Rel-18 uplink 8Tx transmission. 
For DMRS port indication for PUSCH with more than four layers, support reusing the downlink DMRS indication principle.

Conclusion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following observations and proposals are made for Rel-18 DMRS enhancement.
1. Two channel estimations for FD-OCC=2 decoding in one RB can be applied to DMRS type 1 with comb-4.
1. FDM with sparser bundle based on FD-OCC=2 can lead to a unified design for both DMRS type1 and DMRS type2.
1. Two channel estimations for FD-OCC=4 decoding can be performed in one RB with limited receiver complexity increasing.
1. It is up to receiver implementation whether to perform two channel estimations for FD-OCC=4 decoding in each RB or just in the orphan RB.
1. Performing two channel estimations for FD-OCC=4 decoding has no restriction on the number of scheduled RBs for PDSCH, even or odd.
1. 4 new codes of FD-OCC=6 need to be designed to double the number of DMRS ports in each CDM group, if FD-OCC=6 is supported.
1. FD-OCC=6 is more suitable for DMRS type 1 than DMRS type 2, which would lead to different FD-OCC designs for two DMRS types.
1. For DMRS type 1, the performance degradation of FD-OCC=4 is acceptable, compared with FD-OCC=2.
1. For DMRS type 1, FD-OCC=4 with two channel estimations in one RB has a similar performance to FD-OCC=4 with 2RB as scheduling granularity.
1. For DMRS type 1, FD-OCC=4 outperforms FD-OCC=6 and enhanced FDM schemes in the case of large delay spread.
1. For DMRS type 2, the performance of enhanced FDM schemes slumps in the case of large delay spread.
1. For DMRS type 2, FD-OCC=4 outperforms enhanced FDM schemes in the case of large delay spread significantly.
1. Enhanced TD-OCC=4 and TDM on the additional symbol of DMRS would increase the overhead of DMRS compared with other solutions, e.g., FD-OCC=4.
1. Enhanced TD-OCC=4 and TDM on the additional symbol of DMRS would restrict the configurable number of the additional symbol.
1. From the perspective of throughput, FD-OCC=4 outperforms TD-OCC on the additional symbol even in the case of large delay spread.
1. It is up to the network to ensure indicated DMRS ports for UEs are orthogonal as much as possible in MU-MIMO.
1. Support to perform two channel estimations for FD-OCC=4 decoding in one RB to address the orphan RB issue of DMRS type 1 without any specification effort.
1. Support the same design principle of enhancement on both DMRS type 1 and type 2 in Rel-18.
1. Support FD-OCC=4 for both DMRS type 1 and type 2 enhancement in Rel-18, instead of FD-OCC=6 and enhanced FDM schemes.
1. Support pure FD-OCC=4 as the unique solution for DMRS enhancement in Rel-18.
1. It is unnecessary to introduce orthogonality restriction on the indicated DMRS ports for MU-MIMO in the specification.
Two directions can be considered for switching between legacy DMRS ports and Rel-18 DMRS ports
· Alt 1: Switch the table for DMRS ports indication
· Alt 2: Switch the DMRS ports in the same table
Support dynamic switching between legacy DMRS ports and Rel-18 DMRS ports.
How to indicate the FD-OCC assumption for PDSCH DMRS should be further discussed if FD-OCC=4 is supported.
For DMRS port indication for PUSCH with more than four layers, support reusing the downlink DMRS indication principle.

Reference
	RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung
RAN WG1 #109e meeting Chairman’s Notes
RAN WG1 #110 meeting Chairman’s Notes

Annex 
Simulation assumptions
Link-level simulation assumptions
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-C 


	Delay spread 
	DS=30/300ns 

	UE velocity 
	3km/h


	Allocation bandwidth 
	20MHz 

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

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

	MIMO Rank 
	1 layer per UE 

	UE number for MU-MIMO 
	2/4

	Precoding and precoding granularity 
	SVD based sub-band precoding with 4PRB precoding granularity on ideal channel knowledge. 


	Precoding assumption of interference of co-scheduled UEs
	Alt 3

	Feedback delay for precoding 
	5ms 

	DMRS configurations 
	Single symbol DMRS


	DMRS mapping type 
	Mapping type A for PDSCH. 

	Link adaptation 
	Fixed MCS: 16QAM/64QAM, code rate = 0.5, or AMC enabled

	HARQ 
	Off 

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

	Receiver type 
	MMSE-IRC

	EVM 
	No radio impairments  
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