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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #110b meeting, the following agreement is made for increasing the number of orthogonal DMRS ports for DL/UL MU-MIMO:
Conclusion
· For discussion purpose, definition of Rel.15 DMRS ports and Rel-18 DMRS ports are:
· Rel.15 Type 1/Type 2 DMRS ports: DMRS ports with FD-OCC length =2.
· Rel.18 eType 1/eType 2 DMRS ports: DMRS ports with FD-OCC length >2.
· Following figure as an example shows difference between Rel.15 Type 1 DMRS ports and Rel.18 eType 1 DMRS ports.
[image: ]
Agreement
For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.
Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· 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
Agreement
Confirm the working assumption in RAN1#110 with the following update: 
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 FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 



Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 



Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not.
In this contribution, we provide our views on increasing number of orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO.
Discussion on increasing the number of orthogonal DMRS ports
Increasing the number of orthogonal DMRS ports for DL/UL MU-MIMO
In RAN1 #110b meeting, the working assumption is confirmed that at least Opt.1 (introduce new larger FD-OCC length (e.g. 4 or 6)) is supported to increase the number of DMRS ports for PDSCH/PUSCH. Based on the new agreements in RAN1 #110b meeting, we make further discussion on the design for enhanced FD-OCC DMRS.  
OCC length and OCC sequence
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, it is agreed in RAN1 #110b meeting that Opt.1-2 is supported that length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group. For length 4 FD-OCC for Rel.18 eType 1/eType 2 DMRS, there are two options for down selection. For opt.1-1, Hadamard code is used. For opt.1-2, DFT sequence is used with cyclic shift {0, π, π/2, 3π/2}. In principle, it is desirable to have common design for enhanced downlink and uplink Rel.18 eType 1/eType 2 DMRS including OCC sequence. Compared with DFT sequence, Hadamard code can avoid implementing complex number based spreading/de-spreading because of alphabet set {+1, -1}. It is simple for realization. Moreover, length 4 Hadamard code is already used for CSI-RS and PUCCH format 2. As extension for application, it can be used for downlink and uplink Rel.18 eType 1/eType 2 DMRS. Thus, we prefer option 1 i.e. Hadamard code for length 4 FD-OCC sequence of DMRS for PDSCH/PUSCH.    
Proposal 1: Support Opt.1, i.e. Hadamard code, as length 4 FD-OCC sequence of Rel.18 eType 1/eType 2 DMRS for PDSCH/PUSCH. 
Orphan RE/RB
[bookmark: _Hlk106974235]In RAN1#110b meeting, the method to resolve the orphan RB issue is agreed except for two FFS. The first FFS is on scheduling restriction of different UEs in case of MU-MIMO. We think if 1) and 2) is satisfied by each co-scheduled UE, the offset between starting RB of co-scheduled UEs is already even. Therefore, we support no additional restriction for MU-MIMO. The second FFS is related with M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. For these two schemes, the first ⌈ ⌉ PRBs are transmitted from a TRP and the remaining ⌊ ⌋ PRBs are transmitted from a another TRP, wherein the  is the total number of allocated PRBs for a UE.  Even if the number of scheduled RBs of a PDSCH/PUSCH is even, there may also be orphan RB issue for each TRP. Therefore, the restriction shall be introduced for each TRP, that is the number of consecutively scheduled PRBs for PDSCH is even for each TRP. Therefore we propose:
Proposal 2: For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH: 
· No restriction on scheduling of different UEs is needed in case of MU-MIMO
· The number of consecutively scheduled PRBs for PDSCH transmitted from each TRP is even.
Switching between Rel.15 DMRS port and Rel.18 DMRS port
[bookmark: _Hlk114086966]From the simulation results shown in Fig.1, it can be observed R15 DMRS can provide better BLER and MSE performance than R18 DMRS. For channel with 300ns delay spread, R15 DMRS has better BLER performance and the BLER performance gap is 0.1dB/0.5dB between R15 DMRS and enhanced length 4 FD-OCC DMRS in case of MCS 8/18 with BLER as 0.1. To improve system throughput performance, dynamic switching between R15 DMRS port and R18 DMRS port can be supported. When small number of DMRS ports is required for the scheduled PDSCH/PUSCH, gNB can dynamically indicate Rel.15 DMRS ports. When large number of DMRS ports are used to multiplex more UEs, gNB can dynamically indicate Rel.18 DMRS ports to increase the cell throughput. Also, dynamic switching for Rel.15 and Rel.18 DMRS ports is useful for supporting dynamic switching between SU-MIMO and MU-MIMO, where R15 DMRS port can be used for SU-MIMO. For signalling design, the dynamic switching for Rel.15 and Rel.18 DMRS ports can be realized by direct indication (e.g., by adding a new field in scheduling DCI) or combination signalling for indicating DMRS port index. For combination indicating scheme, the antenna port indication table can be enhanced by adding a column to indicate the OCC length of the indicated DMRS ports or the total number DMRS ports within a CDM groups, which is used to indicate the DMRS port is Rel-15 DMRS or Rel-18 DMRS implicitly.
Proposal 3: Support DCI based dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC within a DCI format 1_1/1_2/0_1/0_2.
[image: ][image: ]  
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(c)
Fig.1 Comparison of BLER and MSE performance of enhanced DMRS with FD-OCC4 and legacy FD-OCC2 for Type 1 DMRS.
MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports
In RAN1#110 meeting, it is agreed that MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports are supported. It can be used to improve scheduling flexibility. With MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, we need design DMRS to guarantee good channel estimation performance for both legacy Rel-15/16/17 UEs and new Rel-18 UEs. For MU-MIMO by different CDM groups, there is no MU-MIMO scheduling restriction of PUSCH/PDSCH since DMRS ports in different CDM groups are orthogonal. For MU-MIMO within a CDM group, more discussion is needed for whether and how to support multiplexing between Rel.15 DMRS ports and Rel.18 DMRS ports. To enhance scheduling flexibility, Rel.15 DMRS ports and Rel.18 DMRS ports can be designed to support within a CDM group. But the enhanced schemes should be considered to reduce interference between Rel.15 DMRS ports and Rel.18 DMRS ports. For example, only subset of OCC sequences, such as [+1 +1 +1 +1] and [+1 -1 +1 -1], can be used for Rel.18 UEs. The gNB needs to choose the DMRS ports carefully to maintain orthogonality between R15 and R18 DMRS ports. 
Proposal 4: Support multiplexing Rel.15 and Rel.18 DMRS ports in a same CDM group. 
DMRS port indication
For demodulation of PDSCH/PUSCH with SU-MIMO or MU-MIMO transmission, the used DMRS port index is required to be indicated to UE. For legacy design, the number of DMRS CDM group(s) without data, DMRS port(s), number of front-load symbols are indicated by DCI signalling. With increasing the number of orthogonal DMRS ports, the signalling is required to be enhanced to indicate DMRS port with larger port index, e.g. port 8-15 for type 1 two symbol DMRS or 12-23 for type 2 two symbol DMRS. In RAN1#110b meeting, 4 candidate schemes are proposed for downlink DMRS port indication during email discussion. 
0. Scheme A: Specify new antenna ports tables similar to Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212. The maximum size of antenna ports field is increased by M (M>=0) bit(s). 
0. For M>= 1, existing rows in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 are partially/fully copied to the new tables except for “Reserved” row.  
0. FFS for other rows in the new tables. 
0. FFS: The sizes of antenna port field and its mapping to antenna port tables.
0. Scheme B: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new M(M>=1)-bit DCI field of “DMRS port(s) offset indicator” to indicate Rel.18 DMRS ports. 
0. At least M=1 is supported. For M=1,
0. If “DMRS port(s) offset indicator” field is set “0”, DMRS port(s) are the same as indicated by antenna ports field in DCI format 1_1/1_2. 
0. If “DMRS port(s) offset indicator” field is set “1”, DMRS port(s) are incremented with X from the indicated DMRS port(s) by antenna ports field in DCI format 1_1/1_2. 
0. Value of X is 8 for Rel.18 eType 1 DMRS and X is 12 for Rel.18 eType 2 DMRS. 
0. FFS: Whether/how to enhance the reserved field in antenna ports tables under different values of “DMRS port(s) offset indicator”.
0. FFS: Whether to support M>1 and its DMRS port combinations under different values of “DMRS port(s) offset indicator”.
0. Scheme C: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new table to indicate Rel.18 DMRS ports including full 8/16 or 12/24 ports.  
0. TDRA entry configured includes a entry indicate what DMRS ports is used for scheduling.  
0. Scheme D: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new tables to indicate Rel.18 DMRS ports with new DMRS port index. 
0. At least one Rel-18 DMRS port with the new port index p is included in each row 
0. FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row 
0. FFS: MU restrictions with the determined tables for DMRS ports indications. 
0. FFS: How to enhance antenna ports tables in TS38.212 to indicate Rel.18 DMRS ports for PUSCH for rank = 1,2,3,4.
For scheme A, DMRS port combination is indicated by new specified antenna port tables. The possible DMRS port combination for indication may include existing row in legacy DMRS tables 7.3.1.2.2-1/2/3/4 or 7.3.1.2.2-1A/2A/3A/4A and newly introduced row for indicating additional DMRS port combination. It can well support to indicate newly introduced port combination, such as port combination {0,1,8,9}, etc. Similar scheme D is proposed but only Rel.18 DMRS ports with new DMRS port index is indicated by new specified antenna port tables.
For scheme B, it  reuses legacy DMRS port indication table as much as possible. The “DMRS port(s) offset indicator” is introduced to indicate DMRS port combination with legacy DMRS port index (i.e. port 0-7 for Type 1 DMRS or 0-11 for Type 2 DMRS) or with newly introduced DMRS port index (i.e. port 8-15 for Type 1 DM-RS and 12-23 for Type 2 DM-RS). If it is supported to indicate DMRS port combination with hybrid legacy DMRS port index and newly introduced DMRS port index, the reserved row(s) in the legacy DMRS port indication tables has to be used. For example, 2 states can be used for indicating newly introduced port combination, such as port combination from [0,1,8,9], [0,1,8].
For scheme C, it introduces new port indicating table with TDRA entry for indicating what DMRS port is used for scheduling. It does not need additional DCI bit but the flexibility for indicating DMRS port combination is worse compared with other schemes. 
To make further down selection among 4 candidate schemes, the possible DMRS port combination for indication needs being clarification. To save standard effort, we prefer scheme B as a simple extension based on legacy DMRS port indication table. Also we are fine to use reserved row to indicate additional DMRS port combination if needed. 
Proposal 5: Support scheme B with additional 1 bit for DMRS port offset indication. 
PTRS resource mapping in case of large number of DMRS ports
In Rel.15, the implicit association relation between PTRS and DMRS port is defined to determine the RE location in a PRB for PTRS resource mapping. In detail, the actual RE location in a PRB can be determined by associated DMRS port index and RRC configuration parameter resourceElementOffset. For enhanced DMRS, the maximum number of enhanced DMRS ports for PDSCH/PUSCH is 8/12 for single symbol type 1/2 DMRS, respectively. Thus, PTRS resource mapping scheme needs being defined for PTRS associated with DMRS port 1004-1007 or DMRS port 1006-1011 for single symbol type 1/2 DMRS, respectively. For example, REs in a RB can be specified for transmission of PTRS associated with port 1004-1007 for type 1 one symbol DMRS or port 1006-1011 for type 2 one symbol DMRS. Also, specific REs from at 2 or 4 RBs can be considered for transmission of PTRS since PTRS frequency density is specified as 2 or 4 PRB in case of PTRS existence.
Proposal 6: Study PTRS  resource mapping scheme for PTRS associated with increased number of DMRS ports. 
Increasing the number of orthogonal DMRS ports for 8Tx UL SU-MIMO
To support 8Tx UL SU-MIMO, antenna port(s) table for rank 5/6/7/8 is needed to support  more than 4 layers PUSCH transmission. In RAN1#110b meeting, there is some discussion by email on this issue but there is no final agreement. For legacy system, maximum 8/12 orthogonal ports can be supported for type1/2 DMRS for MU-MIMO transmission. The legacy DMRS pattern can be used for DMRS resource mapping for 8Tx uplink SU-MIMO transmission, where there is similar situation for 8Tx downlink SU-MIMO transmission. For Type 1/Type 2 Rel.15 DMRS port indication table, we support to reuse the same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH. 
Proposal 7: For Type 1/Type 2 Rel.15 DMRS port indication table, support to reuse the same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH. 
Since increasing orthogonal DMRS ports is introduced in Rel.18 as discussed in section 2.1, the newly introduced DMRS pattern can be also used for DMRS resource mapping for 8Tx uplink SU-MIMO transmission. It has advantage of lower DMRS overhead since Rel.18 DMRS can support 8-port with single symbol DMRS. For enhanced DMRS defined in Rel.18, the enhanced DMRS port allocation table can be used to determine DMRS port index. It can reduce standard effort to design enhanced legacy DMRS port allocation table for supporting 8Tx SU-MIMO. Based on above discussion, we prefer to define new antenna ports tables with new DMRS port combinations used for rank = 5,6,7,8. 
Proposal 8: For eType 1/eType 2 Rel.18 DMRS port indication table, support to define new antenna ports tables with new DMRS port combinations used for rank = 5,6,7,8. 
PTRS is an essential feature to support FR2 operation for phase noise estimation, one or two PTRS ports can be configured for 4TX PUSCH transmission and a DMRS port is indicated to be associated with a PTRS for phase noise estimation. Two issues should be discussed on the PTRS for 8TX PUSCH transmission, the first one is whether more than two PTRS ports are needed for 8TX with more than two coherent antenna groups. For example, two coherent antenna group corresponding to antenna layout case 2 and four coherent antenna groups corresponding to antenna layout case 3 shall be supported for 8Tx. Similar with Rel-15 PTRS design principle, it’s better to assign a PTRS port to every coherent antenna group. Therefore, 4 PTRS ports may be required for 8Tx PUSCH transmission in FR2 for the UE with four antenna groups.
Proposal 9: Support 4 PTRS ports for 8Tx PUSCH transmission in FR2 for the UE with four antenna groups.
The other issue is the indication for the PTRS and DMRS association when more than 4 layers are scheduled for the PUSCH transmission. For example, one of the more than 4 DMRS ports should be indicated to be associated with a PTRS port when a single PTRS port is configured for a full coherent UE. In this case, the PTRS-DMRS-association field should be extended to select one of the up to 8 DMRS port(s) for the PTRS port. The same situation also applied to the case the two or more PTRS ports are determined to be transmitted for a PUSCH transmission with more than 4 layers. 
Proposal 10: Study the indication of associated DMRS port for each PTRS for 8TX PUSCH transmission.
In Rel-15, power boosting of PT-RS port is supported for both PDSCH and PUSCH transmission. Since a UE is not expected to be scheduled with DMRS with TD-OCC and PTRS in the same slot, the power boosting of PTRS is only supported up to six-layer PDSCH transmission in Rel-15. The power boosting of PTRS of PUSCH transmission is only supported up to 4-layer PUSCH transmission since the maximum layers of a PUSCH transmission is 4. In Rel-18, with the doubled number of DMRS ports, single-symbol DMRS can support up to 8 and 12 DMRS ports for DMRS type 1 and DMRS type 2 respectively. Besides, in RAN1 #110 meeting, more than  4 layers PUSCH transmission with both single-symbol and double-symbol DMRS is supported. Therefore, PTRS power boosting should be enhanced to support up to 8-layer PDSCH and PUSCH transmission.
Proposal 11: Study power boosting for up to 8-layer PDSCH and PUSCH transmission.
Conclusion
Base on above discussion, our observations and proposals are summarized as follows:
Proposal 1: Support Opt.1, i.e. Hadamard code, as length 4 FD-OCC sequence of Rel.18 eType 1/eType 2 DMRS for PDSCH/PUSCH. 
Proposal 2: For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH: 
· No restriction on scheduling of different UEs is needed in case of MU-MIMO
· The number of consecutively scheduled PRBs for PDSCH transmitted from each TRP is even.
Proposal 3: Support DCI based dynamic switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC within a DCI format 1_1/1_2/0_1/0_2.
Proposal 4: Support multiplexing Rel.15 and Rel.18 DMRS ports in a same CDM group. 
Proposal 5: Support scheme B with additional 1 bit for DMRS port offset indication. 
Proposal 6: Study PTRS  resource mapping scheme for PTRS associated with increased number of DMRS ports. 
Proposal 7: For Type 1/Type 2 Rel.15 DMRS port indication table, support to reuse the same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH. 
Proposal 8: For Type 1/Type 2 Rel.18 DMRS port indication table, support to define new antenna ports tables with new DMRS port combinations used for rank = 5,6,7,8. 
Proposal 9: Support 4 PTRS ports for 8Tx PUSCH transmission in FR2 for the UE with four antenna groups.
Proposal 10: Study the indication of associated DMRS port for each PTRS for 8TX PUSCH transmission.
Proposal 11: Study power boosting for up to 8-layer PDSCH and PUSCH transmission.
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Appendix 
Tab. Link-level simulation parameters for SU
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	TDL-A in TR 38.901 with 300ns delay spread 


	Delay spread 
	300ns 

	UE velocity 
	3km/h 

	Allocation bandwidth 
	20MHz 

	MIMO scheme 
	SU-MIMO and MU-MIMO  

	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 
	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 

	MIMO Rank 
	1 per UE (rank fixed) 

	UE number for MU-MIMO 
	1 

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

	Feedback delay for precoding 
	5ms 

	DMRS type 
	R15 DMRS; FD-OCC4

	DMRS configurations 
	Single symbol DMRS without additional DMRS symbols 


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

	Link adaptation 
	MCS=8(16QAM, R=0.5); MCS=18(64QAM,R=0.8)

	HARQ 
	Off 

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

	Receiver type 
	MMSE

	EVM 
	No radio impairments  
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11 1 1 #3 +1 +1

12 0 0 #2 +1 -1

13 0 0 #3 +1 -1

14 1 1 #2 +1 -1

15 1 1 #3 +1 -1

DMRS table for Rel.15 Type 1 DMRS ports

OCC index w

f

(0) w

f

(1)

0 +1 +1

1 +1 -1

Switching 

of FD-OCC 

length

FD-OCC length 4 or 6

OCC index w

f

(0) w

f

(1) … w

f

(M)

0

1

2

3

Length M FD-OCC in Rel.18 (M = 4 or 6)

Length 2 FD-OCC in Rel.15
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