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Introduction
In RAN 94e meeting, the work item of further enhancements on MIMO for NR with respect to DL MIMO was proposed as follows [1]:
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
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
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this contribution, we will further discuss some possible DMRS enhancements to support larger number of orthogonal DMRS ports and DMRS enhancements for 8 Tx UL operation in Rel18.

Discussion on DMRS enhancement to support lager number of DMRS ports
DMRS port(s) table design
STRP
In RAN1 111 meeting, a possible antenna port table as following was agreed and some controversial rows needed more discussion [5]. 
111-Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

	2
	[1]
	[0,1]
	
	[2]
	[2]
	[0,1,2,3,8,9,10]
	

	3
	2
	0
	
	[3]
	[2]
	[0,1,2,3,8,9,10,11]
	

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



And based on the discussion in last two meeting, the following agreement about the controversial rows are reached [6][7]:
Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support at least support the following rows:
· For 1 CW, 
· 1) Rows 0-2, 12-14, 24-25 (rows with Number of DMRS CDM group(s) without data = 1)
Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, at least support the following rows:
· For 1 CW,
· 2) Row 9-11
· For the above rows, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

112b-Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case,
· For 2 CWs,
· Alt.1: Confirm the working assumption in RAN1#112 with modification (in red).
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11

	[4]
	[2]
	[0,1,2,3,10]

	[5]
	[2]
	[0,1,8,2,3,10]

	[6]
	[2]
	[0,1,8,2,3,10,11]

	[7]
	[2]
	[0,1,8,9,2,3,10,11]

	[8]
	[2]
	[0,2,3,8,9]

	[9]
	[2]
	[0,1,2,3,8,9]


FFS: Additional rows (rows 4~9) if there is technical justification.

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case,
· For 1 CW,
· Do not support row 21-22
· FFS: Whether to support row 23
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	21
	[2]
	[8-10]

	22
	[2]
	[8-11]



For the antenna port table for DMRS etype1 with single symbol, two remaining issues needs to be further discussed. First, for row 23, the use case mentioned in FL proposal is to enable 3+3+2 layers in MU-MIMO. Considering the scheduling restrictions discussed in section 2.1.1, row 23 does have great impact on UE implementation. 
Proposal 1: We slightly prefer not to support row 23.
Secondly, about the DMRS ports combination for 2 CWs, we already agreed to confirm the working assumption in last meeting. For the DMRS ports combinations agreed in last meeting, there might be performance loss since DMRS ports from different CDM groups were indicated to UE for the same CW. We prefer to support the DMRS ports combinations from row 4 to row 7, at least as UE capability. If UE reports the capability to support these rows, it can be indicated with the DMRS ports combinations from row 4 to row 7.
Proposal 2: For 2 CWs, we prefer to support the DMRS ports combinations from row 4 to row 7 at least for UE with capability to support these DMRS ports combinations.

Scheduling restrictions of PDSCH among MU-MIMO UEs
For the antenna port table, we also discussed the possible antenna port tables for eTyp1 with double symbols, eType2 with single symbol and eType2 with double symbols. The most controversial rows are related to whether scheduling restrictions of PDSCH among MU-MIMO UEs need to be introduced. The exact scheduling restrictions is that, when a UE is indicated with DMRS ports form more than one CDM groups, the UE does not expect DMRS ports from the same CDM groups are indicated to another co-scheduled UE. For example, when UE1 is indicated with DMRS ports (0,1,2), then the rest DMRS ports in CDM group 0 and CDM group 1 should not be indicated to any other UE.


Fig. R18 eType1, maxLength=1
That is because, in UE implementation, UE needs to estimate the channel of other DMRS ports if the other DMRS ports are allocated to other co-scheduled UEs. While, in current UE capability, UE cannot estimate more than 4 DMRS ports. Therefore, we prefer to introduce this scheduling restriction.

Proposal 3: Considering the impact on UE implementation, we support to introduce this restriction that, when a UE is indicated with DMRS ports form more than one CDM groups, the UE does not expect DMRS ports from the same CDM groups are indicated to another UE.

Signalling design
DMRS type indication
In last two RAN1 meetings, about the switching between R15 DMRS port and R18 DMRS port, the following conclusion was agreed [6][7].
Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18

Conclusion
No consensus to support MAC CE based switching between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH

In current specification, DMRS type is indicated via RRC parameter dmrs-type which can be set to type1 or type2. In R18, enhanced DMRS will be introduced to support larger number of DMRS ports and there are another two types of DMRS which are denoted as eType1 and eType2. Then, how to indicate UE one of these four DMRS types should be specified.
Based on the email discussion in RAN1 112-bis meeting, it seems that, from some companies’ understanding, whether length-2 OCC (R15 DMRS) or length-4 OCC (R18 DMRS) is applied is decided by UE. There is no explicitly signaling to inform UE R15 DMRS or R18 DMRS.
From our perspective, whether R15 DMRS or R18 DMRS is applied should be explicitly indicated to UE. Otherwise, there will be performance loss because of the mismatching of FD-OCC between NW and UE. To do that, a new RRC indicator can be introduced to inform UE whether the RRC parameter dmrs-type indicates legacy DMRS type or R18 DMRS type. 
[bookmark: _Hlk134605784]Proposal 4: Introduce a new RRC indicator to explicitly indicate R15 DMRS or R18 DMRS to UE.

DMRS port(s) indication
For DMRS port indication, there is an agreement about the signaling, antenna port field in DCI, as shown below [7]:
Agreement
For Rel.18 eType1/eType2 DMRS ports with maxLength=1/2 for PDSCH/PUSCH, if Rel.18 eType1/eType2 DMRS ports is configured by RRC, the DCI size of antenna ports field in DCI format 1_1/1_2/0_1/0_2 is increased by at least 1-bit from Rel.17.
· Note: it does not preclude future possibility to support more than 1-bit, if RAN1 agree the necessity.
Even it was decided that the DCI size of antenna ports field is increased by 1-bit, it should be further discussed whether the existing antenna ports field is increased by 1-bit or new 1-bit DCI field is added. For example, this new 1-bit is used to indicated a DMRS port(s) offset, as proposed by some companies before.
Proposal 5: It should be further decided whether the existing antenna ports field is increased by 1-bit or new 1-bit DCI field is added
Because the supported DMRS port is doubled in R18 DMRS, how to indicate UE the DMRS port(s) should also be specified. A straight forward way to do this is to extend the current antenna field in DCI. While, there is another possible way where a “DMRS port(s) offset indicator” field can be introduced to indicate R18 DMRS port(s). For example, if this field is set “1”, DMRS port(s) are incremented with X from the indicated DMRS port(s) by antenna port(s) field. 
However, this “DMRS port(s) offset indicator” method has less flexibility of network scheduling. For example, the table for dmrs-Type=1and single symbol, are selected among DMRS port 0~3, then the DMRS port of R18 DMRS indicated to UE can only be selected among port 0~3 or port 4~7 in this method. What’s more, Cat. 3 DMRS port indexes cannot be supported in this method.
[bookmark: _Hlk118473687]Observation 1: Introducing a “DMRS port(s) offset indicator” field to indicate R18 DMRS port(s) may lead to less flexibility of network scheduling and Cat. 3 DMRS port indexes cannot be supported.

The simplest and effective method to indicate R18 DMRS port(s) is to increase the size of the current antenna ports field. 

Proposal 6: Increase the existing antenna ports field by 1 bit is a more appropriate way to indicate R18 DMRS port(s).

The number of bits for antenna port field in current spec. is shown in table 1. Increase antenna port field with 1 bit 
Tab. 1 The supported maximum value after increasing antenna port field by 1 bit
	Antenna port field for R15 DMRS
	Increase 1 bit
	Supported max. value after increased by 1 bit

	5 bits for type1, single symbol
	6 bits
	64

	6 bits for type1, double symbol
	7 bits
	128

	6 bits for type2, single symbol
	7 bits
	128

	7 bits for type2, double symbol
	8 bits
	256



Based on the discussion of antenna ports table design for R18 DMRS, even all these possible rows are included in the final antenna ports table for R18 DMRS, the size of antenna port field increased by 1 bit is enough to indicate any row in the antenna ports table for R18 DMRS. For example, there are at most 29 rows in the antenna ports table for eType1, single symbol and 158 rows in the antenna ports table for eType2, double symbols.
Proposal 7: There is no need to increase the existing antenna ports field by more than 1 bit.

Coexistence of R15 DMRS and R18 DMRS in MU-MIMO
In RAN1 112 meeting, there is a FL summary about multiplexing between Rel.15 DMRS ports and Rel.18 DMRS ports:
FL Proposal: For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 1) For PUSCH, there is no restriction.
· 2) For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15/18 UE2 indicated with Rel.15 DMRS ports in a CDM group from Rel.17 spec.
· Note: MU-MIMO restriction in Rel.17 is applied.
· [bookmark: _Hlk131429246]3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group,
· UE does not expect such MU-MIMO in a CDM group.
· 4) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, down select from the following.
· [bookmark: _Hlk134627154]Alt.1: UE does not expect such MU-MIMO in a CDM group.
· Alt.2: Rel.18 UE2 configured with Rel.15 DMRS ports can be signaled, to indicate that there may be another Rel.18 UE1 with Rel.18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) in the same CDM group, so that the Rel.18 UE2 can assume FD-OCC length 4 for channel estimation of Rel.15 DMRS ports.
· Dedicated UE capability is introduced.
· The signaling is at least by RRC (FFS: whether to support DCI based signaling).
· Alt.3: It is up to gNB implementation whether to schedule such MU-MIMO in a CDM group (i.e. no spec impact and no additional restriction).
And the first sub-bullet is agreed in previous meeting[7]:
Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PUSCH, there is no restriction.

About case 4), as discussed in section 2.2.1, whether R18 DMRS or R15 DMRS is applied should be explicitly indicated to UE. If UE is configured/indicated with Rel.15 DMRS ports, then FD-OCC length 2 should be always assumed in both NW and UE side. And in Alt.2 of case 4), the FD-OCC length is changed from 2 to 4 based on the signaling to inform UE that there may be another Rel.18 UE1 with Rel.18 New ports. It is not the multiplexing between R18 DMRS and R15 DMRS anymore. Then, why should not we just conclude that UE does not expect such MU-MIMO in a CDM group?

Proposal 8: About case 4) in the FL proposal, support Alt.1 that UE does not expect such MU-MIMO in a CDM group.

[bookmark: _Hlk127455481]Enhancements on DMRS ports for 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved[1], which includes the following objective:
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 RAN1#109-e meeting, the following agreement has been made on DMRS configuration [2]:
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. 

In RAN1#110 meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [3]:
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.

In RAN1#110bis meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [4]:
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 RAN1#111 meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [5]:
Agreement
· For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are the following: 
· The same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook.
· For Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.


In RAN1#112 meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [6]:
Working Assumption
To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].



In RAN1#112bis meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [7]:
Agreement
Confirm the following Working Assumption in RAN1#112 at least for NCB based PUSCH:
· To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].
· Note: The above Working Assumption for CB based PUSCH may be confirmed later.



For the uplink transmission with 8Tx, it needs further enhancements on DMRS design if it is agreed to support the maximum number of transmission layers to 8. In current spec, only 4 transmission layers for the PUSCH is supported. It has been decided that whether the supported maximum number of uplink layers is more than 4 or not is up to the UE capability. And for UEs supporting more than 4 layers, DMRS ports indication should be extended.
DMRS enhancements
Since the scenario mainly targeting SU-MIMO for 8Tx enhancement, DMRS port allocation design would be quite aligned with the DL, the DMRS port allocation for RANK5-8 should be introduced to each category of DMRS table. Currently the DMRS port allocation table is categorized according to DMRS type, max number of front-load DMRS symbols, and under each category DMRS tables for Rank 1-4 are specified separately. For DMRS type 1 with single-symbol configuration, the maximum number of DMRS ports is 4 which can’t support the RAN5 indication for 8Tx transmission. And also for DMRS type 2 with single –symbol configuration, the maximum number of DMRS ports is 6 which can support up to RAN6 of DMRS port indication. For DMRS Type 1/2 with double-symbol configuration cases, the supported RANK can be from 5 to 8. 
For partial coherent UL codebook, we support layers to DMRS port mapping that layers associated with the same antenna port group can be multiplexed into the same or different DMRS CDM groups, which is aligned with the current principle of UL DMRS ports allocation. No scheduling limitation is required which is not the same principle as the DL.
It is necessary to support more than one DMRS port combinations for each Rank and TPMI that can provide more flexibility to the network especially for higher Rank cases since more DMRS ports can be allocated when new Rel-18 DMRS type is applied.
Proposal 9: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated with the same antenna port group are multiplexed into the same or different DMRS CDM group.
Proposal 10: Support more than one DMRS port combination(s) for each rank and TPMI at least for Rel.18 eType1/eType2 DMRS design.
Proposal 11: Support to include new DMRS combination(s) that enable the DMRS ports related to one CW mapping into one CDM group.

PT-RS enhancements
Also if DMRS ports are extended to 8 for more than 4 layers PUSCH transmission, PT-RS port(s) associated with DMRS port(s) should be redefined too. The enhancements is to indicate the association between PTRS port(s) and DMRS port(s) for the transmission of one PT-RS port and two PT-RS ports respectively
The following agreement was made in RAN1#110bis meeting on 8Tx and PT-RS enhancements [3]:
Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

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.


In RAN1#112 meeting, the following agreement was made on 8Tx PT-RS enhancements [6]:
Agreement
For full-coherent PUSCH with rank 5-8 with one port PTRS, support Alt.1 in the RAN1#111 agreement with the following update
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
Value
DMRS port
0
1st scheduled DMRS port with the CW with the higher MCS
1
2nd scheduled DMRS port the CW with the higher MCS
2
3rd scheduled DMRS port the CW with the higher MCS
3
4th scheduled DMRS port the CW with the higher MCS
· 


In RAN1#112bis meeting, the following agreement has been made on 8Tx transmission and PTRS configuration [7]:
Agreement
For two PTRS ports for partial/non-coherent PUSCH, PTRS-DMRS association for PUSCH with up to 8 layers is down selected from the following.
· Alt.1: The size of PTRS-DMRS association field is 4-bit in DCI format 0_1/0_2.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB
DMRS port
Value of LSB
DMRS port
0
1st DMRS port which shares PTRS port 0
0
1st DMRS port which shares PTRS port 1
1
2nd DMRS port which shares PTRS port 0
1
2nd DMRS port which shares PTRS port 1
2
3rd DMRS port which shares PTRS port 0
2
3rd DMRS port which shares PTRS port 1
3
4th DMRS port which shares PTRS port 0
3
4th DMRS port which shares PTRS port 1
· Alt.2: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB
DMRS port
Value of LSB
DMRS port
0
1st DMRS port which shares PTRS port 0
0
1st DMRS port which shares PTRS port 1
1
2nd DMRS port which shares PTRS port 0
1
2nd DMRS port which shares PTRS port 1
· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB
DMRS port
Value of LSB
DMRS port
0
1st DMRS port which shares PTRS port 0
0
1st DMRS port which shares PTRS port 1
1
2nd DMRS port which shares PTRS port 0
1
2nd DMRS port which shares PTRS port 1
2
3rd DMRS port which shares PTRS port 0
2
3rd DMRS port which shares PTRS port 1
3
4th DMRS port which shares PTRS port 0
3
4th DMRS port which shares PTRS port 1
· Alt.4: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
Value of MSB
DMRS port
Value of LSB
DMRS port
0
1st DMRS port which shares PTRS port 0
0
1st DMRS port which shares PTRS port 1
1
2nd DMRS port which shares PTRS port 0
1
2nd DMRS port which shares PTRS port 1



To support more than 4 layers PUSCH with current 2-port PT-RS, the PTRS and DMRS association for 8Tx needs to be enhanced:
· 4bits are needed for the indication of PTRS and DMRS association when 2 PTRS ports are used, 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 

Proposal 12: For Rank>4, support Option 1 for the indication of the PTRS and DMRS association for 8Tx when 2-port PTRS is used,
· 4bits are needed for the indication whereas 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 

If antenna ports can be divided into 4 antenna groups, eg. 4 separate panels, 2- port PT-RS may not be enough for the all CPE resources. 4-Port PTRS can be considered from performance point of view. The spec efforts should also be considered.
Proposal 13: Support 4-port PTRS for 8Tx transmission.

Conclusion
In this contribution, we discuss about the DMRS enhancements to support CJT and 8Tx UL transmission. Based on above discusses, we provide the following proposals related to DMRS enhancement for CJT:
Proposals wrt. DMRS enhancement to support lager number of DMRS ports:
Proposal 1: We slightly prefer not to support row 23.
Proposal 2: For 2 CWs, we prefer to support the DMRS ports combinations from row 4 to row 7 at least for UE with capability to support these DMRS ports combinations.
Proposal 3: Considering the impact on UE implementation, we support to introduce this restriction that, when a UE is indicated with DMRS ports form more than one CDM groups, the UE does not expect DMRS ports from the same CDM groups are indicated to another UE.
Proposal 4: Introduce a new RRC indicator to explicitly indicate R15 DMRS or R18 DMRS to UE.
Proposal 5: It should be further decided whether the existing antenna ports field is increased by 1-bit or new 1-bit DCI field is added
Observation 1: Introducing a “DMRS port(s) offset indicator” field to indicate R18 DMRS port(s) may lead to less flexibility of network scheduling and Cat. 3 DMRS port indexes cannot be supported.
Proposal 6: Increase the existing antenna ports field by 1 bit is a more appropriate way to indicate R18 DMRS port(s).
Proposal 7: There is no need to increase the existing antenna ports field by more than 1 bit.
Proposal 8: About case 4) in the FL proposal, support Alt.1 that UE does not expect such MU-MIMO in a CDM group.

Proposals related to DMRS ports for 8Tx UL SU-MIMO:
Proposal 9: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated with the same antenna port group are multiplexed into the same or different DMRS CDM group.
Proposal 10: Support more than one DMRS port combination(s) for each rank and TPMI at least for Rel.18 eType1/eType2 DMRS design.
Proposal 11: Support to include new DMRS combination(s) that enable the DMRS ports related to one CW mapping into one CDM group.
Proposal 12: For Rank>4, support Option 1 for the indication of the PTRS and DMRS association for 8Tx when 2-port PTRS is used,
· 4bits are needed for the indication whereas 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 
Proposal 13: Support 4-port PTRS for 8Tx transmission.
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