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

Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In this contribution, possible enhancements on increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO are discussed. 
Enhancements on increasing number of orthogonal DMRS ports
In RAN1#110b-e meeting, the following agreements and conclusions were achieved to increase orthogonal DMRS ports for UL/DL MU-MIMO. In this section, OCC design, sequence mapping, orphan RE handling and DMRS indication are discussed.
	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 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 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.
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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. 


1.1. [bookmark: _Ref111209599]OCC code design
In RAN1#110b-e meeting, Hadamard matrix and cyclic shift with {0, π, π/2, 3π/2} are agreed for further down-selection. With both two OCC codes, orthogonality between Rel.15 ports and Rel.18 ports can be kept. Considering that real-valued code is used in Rel.15 DMRS and Hadamard code has already been used in CSI-RS, Hadamard code is more preferred.
[bookmark: _GoBack]Proposal 1: For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, Walsh matrix (Hadamard code) is supported for OCC design:
	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 


1.2. Sequence mapping
With length 4 FD-OCC, patterns of Rel.18 eType 1 DMRS and eType 2 DMRS can be designed as same as that in Rel.15 type 1 DMRS and type 2 DMRS.
In Rel.15 DMRS, sequence  is mapped to resource elements  according to equation (1):
                                                               (1)
Parameter  is included in  ,  and . In ,  is the index of OCC weighting. In parameter ,  determines the frequency resources (subcarriers) used for DMRS transmission.
In Rel.18 DMRS with length 4 FD-OCC, four values of (e.g., ,,  and ) are needed, and they are corresponding to four resource elements in frequency domain, respectively.
In Rel.18 eType 2 DMRS, four values of  can be 0, 1, 6 and 7 to facilitate resource mapping in frequency domain. Take CDM group 0 as an example, these values can ensure that DMRS occupies the 1st, 2nd, 7th, and 8th REs in one RB. However, these values of   will complicate sequence generation of . For example, UE may need to generate longer PN sequence than needed if  is used in resource mapping equation, since not all values in the generated sequence are used for DMRS transmission. On the other hand, sequence orthogonality between multiple ports may be an issue due to the same reason (discontinuous values in the generated sequence are used for DMRS transmission). 
Four values of  can also be 0, 1, 2 and 3 to simplify sequence generation, and  is used in resource mapping equation. In order to ensure that DMRS occupies the 1st, 2nd, 7th, and 8th REs in one RB for CDM group 0, parameter  can be modified, and equation (2) is used in sequence mapping.
                                                               (2)
In Rel.18 eType 1 DMRS, four values of  can also be 0, 1, 2 and 3, and equation (3) can be used in sequence mapping.
                                                             (3)
Proposal 2: The following sequence mapping equations are adopted for Rel.18 eType 1 DMRS and Rel.18 eType 2 DMRS, respectively:
· Rel.18 eType 1 DMRS:

· Rel.18 eType 2 DMRS:

1.3. Orphan RE handling
With regard to orphan RE handling, there are two remaining issues. The first issue is whether restriction on scheduling of different UEs in case of MU-MIMO is needed or not. According to current specification, the UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4. With this rule and the already agreed scheduling restriction for single user, orphan RE issue can be avoided in MU-MIMO case.
The second issue is scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. Since different TRPs (TCI states) are used for different frequency parts, joint channel estimation can only be done within each frequency part. Accordingly, restriction 1 and 2 agreed in RAN1#110b-e meeting are needed for each frequency part.
Proposal 3: For orphan RE issue, restriction on scheduling of different UEs in case of MU-MIMO is not needed.
Proposal 4: For M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme, the following scheduling restrictions are needed for each frequency part:
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
1.4. DMRS indication
In RAN1#110 meeting, the following agreement related to DCI based switching between Rel.18 and Rel.15 ports was achieved.
	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).


According to the agreement, whether/how to support DCI based switching between Rel.18 and Rel.15 ports should be studied. In our opinion, DCI based dynamic switching between Rel.18 and Rel.15 ports should be supported. If the number of co-scheduled users is large, Rel.18 ports (with length 4 FD-OCC) can be scheduled. If the number of co-scheduled users is small but delay spread is large for some of the scheduled UEs, Rel.15 ports (with length 2 FD-OCC) can be scheduled. Since scheduling or traffic could change drastically, there is a need of dynamic switching between different DMRS types/ports. How to perform dynamic switching can be considered jointly with Rel.18 DMRS ports indication method.
Proposal 5: Support DCI-based switching between Rel.18 DMRS ports and Rel.15 DMRS ports.
In RAN1#110b-e meeting, the following proposal was discussed but no agreement was achieved:
	FL proposal#2.6a:
· Down select one of the following on how to enhance TS38.212 to indicate Rel.18 DMRS ports.
· Scheme A: Specify new antenna port(s) 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 size of the Antenna port(s) field is increased from 4, 5, or 6 bits to 5, 6, or 7 bits, respectively.
· 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 copied to the new tables except for “Reserved” row. 
· FFS for other rows in the new tables.
· 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 the Antenna port(s) field in DCI unchanged. Introduce new 1-bit DCI field of “DMRS port(s) offset indicator” to indicate Rel.18 DMRS ports.
· If “DMRS port(s) offset indicator” field is set “0”, DMRS port(s) are the same as indicated by antenna port(s) field in DCI format 0_1/0_2/1_1/1_2.
· 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 port(s) field in DCI format 0_1/0_2/1_1/1_2.
· Value of X is 8 for DMRS type 1 and 12 for DMRS type 2.
· 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 the Antenna port(s) field in DCI unchanged. Introduce new table to indicate Rel.18 DMRS ports including full 8/16 or 12/24 ports. 
· TDRA entry configured includes a entry indicate what DRMS ports is used for scheduling. 
· Scheme D: Specify new antenna port(s) 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 to indicate Rel.18 DMRS ports with new DMRS port index.
· At least one Rel-18 DMRS port with the new port index p is included in each row
· FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row
· FFS: MU restrictions with the determined tables for DMRS ports indications.


In scheme B, the existing DMRS tables are reused, and DMRS port(s) offset is introduced to determine new entries. A common offset value (8 for DMRS type 1 and 12 for DMRS type 2) is used for all DMRS ports in one entry, which means that Rel.18 ports and Rel.15 ports cannot be scheduled simultaneously. Therefore, this scheme is not preferable due to the restriction on gNB scheduling.
In scheme A, scheme C and scheme D, new antenna port(s) tables are specified to indicate Rel.18 DMRS ports. In scheme A, existing rows in existing tables are copied to the new tables except for “Reserved” row, and Rel.18 DMRS ports will be included in other rows. With this scheme, Rel.18 and Rel.15 DMRS ports are corresponding to different rows of the new tables, and dynamic switching between Rel.18 and Rel.15 DMRS ports can be implemented by the indication of antenna port(s) field. In scheme D, at least one Rel.18 DMRS port with the new port index p is included in each row. Therefore, original Rel.15 DMRS tables are still needed and mechanism is needed to indicate dynamic switching between Rel.18 and Rel.15 DMRS tables. In scheme C, Rel.18 DMRS ports are included in the new tables and TDRA field is used to indicate dynamic switching between Rel.18 and Rel.15 DMRS ports. The size of the antenna port(s) field and TDRA field are unchanged. Actually, these three schemes are similar from functionality point of view. Rel.18 DMRS ports related entries can be designed without restrictions. The difference among them is how to perform dynamic switching between Rel.18 and Rel.15 DMRS ports. Since both antenna port(s) and TDRA field need to be enhanced in scheme C, scheme A and scheme D are slightly preferred.
Proposal 6: For DMRS indication, the following two schemes can be further studied:
· Scheme A: Specify new antenna port(s) 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 size of the Antenna port(s) field is increased from 4, 5, or 6 bits to 5, 6, or 7 bits, respectively.
· 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 copied to the new tables except for “Reserved” row. 
· FFS for other rows in the new tables.
· Scheme D: Specify new antenna port(s) 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 to indicate Rel.18 DMRS ports with new DMRS port index.
· At least one Rel-18 DMRS port with the new port index p is included in each row
· FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row
Enhancements for UL 8Tx
In RAN1#110 meeting, it was agreed to support UL 8Tx PUSCH in Rel.18, and up to 4 and 8 layers for codebook and non-codebook UL transmission were supported. In RAN1 #110b-e meeting, it was further agreed to support both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. The achieved agreements in the previous two meetings are provided as follows:
	Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.
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.

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.


In this section, we provide our views on DMRS indication for UL 8Tx and the enhancements for PTRS-DMRS association.
1.5. DMRS indication for UL 8Tx
In Rel.17, same designs of DMRS are used for PDSCH and PUSCH in CP-OFDM, except for the following indication mechanisms:
· For PUSCH, DMRS is indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI (for codebook based PUSCH)/SRI(for non-codebook based PUSCH);
· For PDSCH, DMRS is indicated from all ports combinations.
For DMRS indication for UL 8Tx in Rel.18, the same DMRS indication mechanism as that in Rel.15 can be used, i.e., DMRS is indicated from ports combinations with total ports number equals to the number of layers indicated by TPMI/SRI. For NR systems, the DMRS port(s) and PUSCH/PDSCH layer(s) are one-to-one mapped. 
For Rel.15 Type 1/Type 2 DMRS ports for 8Tx PUSCH with up to 4 layers, the existing DMRS indication scheme in Rel.15 can be used. For PUSCH with up to 8 layers, the maximum number of DMRS ports would be extended to up to 8, and the enhancements on DMRS indication is needed. In Rel.15, PUSCH and PDSCH use the same DMRS port combinations for rank = 1/2/3/4. For rank = 5/6/7/8, the same DMRS port combinations also can be used for PUSCH and PDSCH.
Proposal 7: For Rel.15 Type 1/Type 2 DMRS ports for UL 8Tx with up to 4 layers, the existing DMRS indication scheme is used (i.e., same as in Rel.15).
Proposal 8: For Rel.15 Type 1/Type 2 DMRS ports for UL 8Tx with up to 8 layers, the existing DMRS indication scheme is used (i.e., same as in Rel.15) for rank = 1/2/3/4, and the same DMRS port combinations as that for PDSCH is used for rank = 5/6/7/8. 
Increasing the number of orthogonal ports for DMRS is helpful on meeting the increasing demand for multiplexing capacity of downlink and uplink DMRS from various use cases. Similar as that for Rel.15 Type 1/Type 2 DMRS ports, for Rel.18 eType 1/eType 2 DMRS ports for UL 8Tx with rank = 5,6,7,8, there is no necessity to use different DMRS port combinations from PDSCH.
Proposal 9: For Rel.18 eType 1/eType 2 DMRS ports for UL 8Tx, same DMRS port combinations as that for PDSCH are used.
1.6. PTRS-DMRS association for UL 8Tx
In RAN1 #110 meeting, it was agreed that for 8Tx PUSCH transmission, at least 1, 2, and 4 antenna groups are supported. For a partial-coherent UE, it is possible that each antenna group is a coherent group. Therefore it is possible that up to 4 coherent antenna groups would be considered for a partial-coherent 8Tx UE. For a non-coherent 8Tx UE, 8 coherent antenna groups have to be considered. In order to have more accuracy phase tracking performance for the antenna groups for UL 8Tx, supporting more than 2 PTRS ports can be considered. 
Proposal 10: More than 2 UL PTRS ports are considered for UL 8Tx. 
In Rel.17, only up to 4 DMRS ports are considered. For 8Tx PUSCH with up to 8Tx, more than 4 DMRS ports should be considered for rank>4. Then the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 have to be increased at least for 8Tx PUSCH transmission with rank>4. If more than 2 PTRS ports are supported, increasing the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 also should be considered.
Proposal 11: The DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 is increased at least for 8Tx PUSCH transmission with rank>4.
Proposal 12: If more than 2 PTRS ports are supported for UL 8Tx, the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 is increased.
Conclusions
In this contribution, enhancements on increasing number of orthogonal DMRS ports and enhancements for UL 8Tx are discussed. Based on the above discussion, we have the following proposals:
Proposal 1: For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, Walsh matrix (Hadamard code) is supported for OCC design:
	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 


Proposal 2: The following sequence mapping equations are adopted for Rel.18 eType 1 DMRS and Rel.18 eType 2 DMRS, respectively:
· Rel.18 eType 1 DMRS:

· Rel.18 eType 2 DMRS:

Proposal 3: For orphan RE issue, restriction on scheduling of different UEs in case of MU-MIMO is not needed.
Proposal 4: For M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme, the following scheduling restrictions are needed for each frequency part:
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
Proposal 5: Support DCI-based switching between Rel.18 DMRS ports and Rel.15 DMRS ports.
Proposal 6: For DMRS indication, the following two schemes can be further studied:
· Scheme A: Specify new antenna port(s) 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 size of the Antenna port(s) field is increased from 4, 5, or 6 bits to 5, 6, or 7 bits, respectively.
· 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 copied to the new tables except for “Reserved” row. 
· FFS for other rows in the new tables.
· Scheme D: Specify new antenna port(s) 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 to indicate Rel.18 DMRS ports with new DMRS port index.
· At least one Rel-18 DMRS port with the new port index p is included in each row
· FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row
· Proposal 7: For Rel.15 Type 1/Type 2 DMRS ports for UL 8Tx with up to 4 layers, the existing DMRS indication scheme is used (i.e., same as in Rel.15).
· Proposal 8: For Rel.15 Type 1/Type 2 DMRS ports for UL 8Tx with up to 8 layers, the existing DMRS indication scheme is used (i.e., same as in Rel.15) for rank = 1/2/3/4, and the same DMRS port combinations as that for PDSCH is used for rank = 5/6/7/8. 
· Proposal 9: For Rel.18 eType 1/eType 2 DMRS ports for UL 8Tx, same DMRS port combinations as that for PDSCH are used.
Proposal 10: More than 2 UL PTRS ports are considered for UL 8Tx. 
Proposal 11: The DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 is increased at least for 8Tx PUSCH transmission with rank>4.
Proposal 12: If more than 2 PTRS ports are supported for UL 8Tx, the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2 is increased.
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