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Introduction
In this paper, we discuss DM-RS capacity enhancement for Rel-18 NR MIMO WI [1]. 
	1. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
2. Study, and if justified, specify UL DMRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices



[bookmark: _Hlk47732020]DM-RS Capacity Enhancement
The following agreement was made in RAN1#110bis-e [2] for DM-RS capacity enhancement. 
	
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). 


Based on the above agreement “at least” option-1 i.e., larger FD-OCC length is supported. Other options included TD-OCC enhancement are still under discussion in RAN1. Since Option-1 successfully enhances DM-RS capacity, only a single option is preferred, and FD-OCC enhancement should be sufficient. Multiple methods, including TD-OCC related options, to handle the same problem should not be adopted. 
Another FFS point in the confirmed WA alludes to potential performance issues of Opt-1 i.e., increased FD-OCC length especially in high delay spread. With respect to channel estimation performance in high delay spread channels, the performance of Length-4 FD-OCC may not be deficient based on implementation of the channel estimator. The following figures show that DM-RS channel estimation MSE based on LLS simulation of 2 UE MU-MIMO with 2 layers per UE and multiplexed within the same CDM group for single symbol Type-1 DM-RS with length 4 FD-OCC.

  [image: ] [image: ]
[bookmark: _Ref115421723]Figure 1: DM-RS Channel Estimation Performance for 2 UE MU-MIMO at varying delay spread with MMSE before and after channel de-spreading. Based on implementation of Channel Estimation, performance at high delay spread can be significantly improved.
From Figure 1, it can be seen that as delay spread increases, the implementation of channel estimator is a major differentiator in performance. At 300ns delay spread, if the de-spreading is performed before the MMSE filter, length-4 OCC has a floor in channel estimation performance at high SNRs. Note that a residual timing offset can cause such issues even in lower delay spread channels. However, when the channel de-spreading is performed after the MMSE filtering, the error floor at high SNRs disappears and the channel estimation performance length-4 OCC improves drastically. Therefore, with the latter implementation of channel de-spreading after the MMSE filtering (which is also more practical), the performance loss at high delay spread can be eliminated. For example, at 10-15dB SNR (which is the region of interest for high order MU-MIMO), the channel estimation performance is quite good and should not lead to any relative performance loss. 
Observation 1: At high delay spread, receiver implementation for channel estimation can avoid performance degradation of length-4 FD-OCC, especially at high SNRs, hence no additional support of other options is needed to address this issue.
Based on this observation, the following proposal is made for the Rel-18 DMRS
Proposal 1: [bookmark: _Hlk127522930][bookmark: _Hlk127523290][bookmark: _Hlk131703245]Support only Option-1 (larger FD-OCC) for DM-RS capacity enhancement in Rel-18 NR since there is no fundamental performance issue at large delay spreads. 
MU-MIMO Pairing of Rel-18 and Rel-15 DM-RS Ports
In RAN1#110bis-e the following agreements were with respect to the DM-RS port tables of Rel-18 eType 1 and eType 2 DM-RS supporting length-4 FD-OCC.
	Agreement
[bookmark: _Hlk118473074]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 


 



The first two FD-OCC indexes of Rel-18 DM-RS ports correspond to OCCs which are sub-length orthogonal to Rel-15 ports. Therefore, Rel-18 UEs can be paired with Rel-15 UEs on DM-RS ports 0-7 for eType 1 DM-RS and 0-11 for eType 2 DM-RS. Since the OCC codes are sub-length orthogonal, there should not be any impact to Rel-15 UEs. On the other hand, Rel-18 ports 8-15 for eType 1 and 12-23 for eType 2 have OCC codes which are not sub-length orthogonal to Rel-15 FD-OCC and therefore they should be restricted from MU-MIMO pairing with Rel-15 ports since it would cause interference to legacy UEs which cannot adjust channel estimation assumptions in the downlink.
Proposal 2: For PDSCH reception, Rel-18 eType 1 DM-RS ports 0-7 and eType 2 ports 0-11 can be paired with Rel-15 DM-RS ports for MU-MIMO operation.
Proposal 3: For PDSCH reception, Rel-18 eType 1 DM-RS ports 8-15 and eType 2 ports 12-23 cannot = be paired with Rel-15 DM-RS ports for MU-MIMO operation.
In the uplink however, if the network wishes to schedule Rel-15 and Rel-18 ports together, it can do so and adjust the channel estimation assumptions for OCC dispreading since over length-4, all Rel-18 ports are orthogonal to Rel-15 ports. Change in OCC length for UL channel estimation also does not degrade channel estimation performance especially if MMSE is performed before DM-RS dispreading. 
Proposal 4: For PUSCH, there is no restriction on MU-MIMO pairing between Rel-18 and Rel-15 DM-RS ports. 
DM-RS Antenna Port Indication
For DM-RS Antenna port indication, the following agreement was reached in RAN1#111 [3]:
	Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000


A good approach is to first decide on the port combinations that can be signalled and then decide on the methodology of signalling. Based on initial discussions in the previous meetings, it would seem that in order to signal Cat 1-3 together and for maximum flexibility, the best approach may be to increase the size the of the antenna port indication field in DCI at least by one bit each compared to legacy. 
Proposal 5: For antenna port indication of Cat 1-3 ports, consider increasing DMRS antenna port indication field in DCI by at least one bit for each of the antenna port indication tables

The new entries corresponding to eType 1 and 2 DM-RS can be appended to the previous tables. Legacy users can still use the previous signalling schemes with smaller bit width, while Rel-18 ports can be signalled using larger bit width fields from the same table. This would also enable MU-MIMO with legacy users. 
Proposal 6: Append new DM-RS port combinations to existing antenna port indication tables

Design Principles for DM-RS Antenna Port Indication
Rel-18 DM-RS design supports both overhead (OH) reduction and MU-MIMO capacity enhancement. For OH reduction, it is important to allow full utilization of maximum number of DM-RS ports for both eType 1 and eType 2 within a single OFDM symbol.
As an example of the usefulness of such indication, consider eType 1 DM-RS with maxLength=1, where up to rank 8 can be signalled for a single UE with Rel-18 DM-RS. To indicate rank-8, would require signalling of ports 0-3 and 8-7 within a single OFDM symbol.
Proposal 7: [bookmark: _Hlk131702956]Consider both MU-MIMO capacity enhancement as well DM-RS overhead reduction in the design of DM-RS antenna port indication tables.

Proposal 8: Allow signaling of combination of legacy and new DM-RS port numbers for Re-18 DM-RS antenna port indication for low overhead SU and MU-MIMO operation
Additionally, since up to 8 ports can be supported for eType 1 and up to 12 ports can be supported for eType 2 DM-RS within a single OFDM symbol, for both cases 2 codewords should be allowed for the case of maxLength=1. 
Proposal 9: Allow signalling for two codewords with maxLength=1 for eType 1/2 DM-RS. 

eType 1 DM-RS Antenna Port Indication Tables 
For antenna port indication based on the outlined principles, we can further consider the introduction of the following new values for antenna port indication field in addition to the existing values in Table 7.3.1.2.2-1/Table 7.3.1.2.2-1A in [5]. The port combinations based on Cat-2 and Cat-3 are provided in blue and red text respectively. 
Table 1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	One Codeword:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	1
	8
	0
	2
	0-3,8

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

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

	3
	2
	8
	3
	2
	0-3,8-11

	4
	2
	9
	
	
	

	5
	2
	10
	
	
	

	6
	2
	11
	
	
	

	7
	2
	8,9
	
	
	

	8
	2
	10,11
	
	
	

	9
	2
	8-10
	
	
	

	10
	2
	8-11
	
	
	

	11
	2
	8,10
	
	
	

	12
	1
	0,1,8
	
	
	

	13
	1
	0,1,8,9
	
	
	

	14
	2
	0,1,8
	
	
	

	15
	2
	0,1,8,9
	
	
	

	16
	2
	2,3,10
	
	
	

	17
	2
	2,3,10,11
	
	
	

	18
	2
	8,10,11
	
	
	


Note that the entries highlighted in green were already agreed up to RAN1#112 [3] and for the entries for two CW, the following working assumption was made in RAN1#112: 
	Working Assumption
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.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





We propose to confirm this working assumption since this enables the important use case of DM-RS overhead reduction for high rank transmission by allowing 8 port transmission using single symbol DM-RS.
Proposal 10:  Confirm the working assumption from RAN1#112 for support of 2 CW for Rel-18 eType1 DMRS with maxLength=1 for PDSCH. 

For two-symbol DM-RS with maxLength=2, the following new values can be considered in addition to the values in Table 7.3.1.2.2-2/Table 7.3.1.2.2-2A  [5]: 





Table 2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2

	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Index
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	8
	1
	0
	2
	0-3,8
	1

	1
	1
	9
	1
	1
	2
	0-3,8,9
	1

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

	3
	2
	8
	1
	3
	2
	0-3,8-11
	1

	4
	2
	9
	1
	4
	2
	8-12
	2

	5
	2
	10
	1
	5
	2
	8-12,14
	2

	6
	2
	11
	1
	6
	2
	8-14
	2

	7
	2
	8,9
	1
	7
	2
	8-15
	2

	8
	2
	10,11
	1
	8
	2
	0,1,4,5,8
	2

	9
	2
	8-10
	1
	9
	2
	0,1,4,5,8,9
	2

	10
	2
	8-11
	1
	10
	2
	0,1,4,5,8,9,12,13
	2

	11
	2
	8,10
	1
	11
	2
	2,3,6,7,10
	2

	12
	1
	0,1,8
	1
	12
	2
	2,3,6,7,10,11
	2

	13
	1
	0,1,8,9
	1
	13
	2
	2,3,6,7,10,11,14
	2

	14
	2
	0,1,8
	1
	14
	2
	2,3,6,7,10,11,14,15
	2

	15
	2
	0,1,8,9
	1
	
	
	
	

	16
	2
	2,3,10
	1
	
	
	
	

	17
	2
	2,3,10,11
	1
	
	
	
	

	18
	2
	8
	2
	
	
	
	

	19
	2
	9
	2
	
	
	
	

	20
	2
	10
	2
	
	
	
	

	21
	2
	11
	2
	
	
	
	

	22
	2
	8,9
	2
	
	
	
	

	23
	2
	10,11
	2
	
	
	
	

	24
	2
	8-10
	2
	
	
	
	

	25
	2
	8-11
	2
	
	
	
	

	26
	2
	8,10
	2
	
	
	
	

	27
	2
	0,1,8
	2
	
	
	
	

	28
	2
	0,1,8,9
	2
	
	
	
	

	29
	2
	0,1,8
	2
	
	
	
	

	30
	2
	0,1,8,9
	2
	
	
	
	

	31
	2
	2,3,10
	2
	
	
	
	

	32
	2
	2,3,10,11
	2
	
	
	
	

	33
	2
	12
	2
	
	
	
	

	34
	2
	13
	2
	
	
	
	

	35
	2
	14
	2
	
	
	
	

	36
	2
	15
	2
	
	
	
	

	37
	2
	12,13
	2
	
	
	
	

	38
	2
	14,15
	2
	
	
	
	

	39
	2
	12-14
	2
	
	
	
	

	40
	2
	12-15
	2
	
	
	
	

	41
	2
	8,9,12,13
	2
	
	
	
	

	42
	2
	10,11,14,15
	2
	
	
	
	

	43
	2
	8,10,12,14
	2
	
	
	
	

	44
	2
	8,10,11
	2
	
	
	
	



eType 2 DM-RS Antenna Port Indication Tables 
For eType 2 DM-RS with maxLength=1, the following additional entries for antenna port indication Table 7.3.1.2.2-3/Table 7.3.1.2.2-3A [5] can be considered:

Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, 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)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0. 
	1
	12
	0
	3
	12-16

	1. 
	1
	13
	1
	3
	12-17

	2. 
	1
	12,13
	2
	2
	0-3,12

	3. 
	2
	12
	3
	2
	0-3,12,13

	4. 
	2
	13
	4
	2
	0-3,12-14

	5. 
	2
	14
	5
	2
	0-3,12-15

	6. 
	2
	15
	6
	3
	0-5,12

	7. 
	2
	12,13
	7
	3
	0-5,12,13

	8. 
	2
	14,15
	
	
	

	9. 
	2
	12-14
	
	
	

	10. 
	2
	12-15
	
	
	

	11. 
	3
	12
	
	
	

	12. 
	3
	13
	
	
	

	13. 
	3
	14
	
	
	

	14. 
	3
	15
	
	
	

	15. 
	3
	16
	
	
	

	16. 
	3
	17
	
	
	

	17. 
	3
	12,13
	
	
	

	18. 
	3
	14,15
	
	
	

	19. 
	3
	16,17
	
	
	

	20. 
	3
	12-14
	
	
	

	21. 
	3
	15-17
	
	
	

	22. 
	3
	12-15
	
	
	

	23. 
	2
	12,14
	
	
	

	24. 
	1
	0,1,12
	
	
	

	25. 
	1
	0,1,12,13
	
	
	

	26. 
	2
	0,1,12
	
	
	

	27. 
	2
	0,1,12,13
	
	
	

	28. 
	3
	0,1,12
	
	
	

	29. 
	3
	0,1,12,13
	
	
	

	30. 
	2
	2,3,14
	
	
	

	31. 
	2
	2,3,14,15
	
	
	

	32. 
	3
	2,3,14
	
	
	

	33. 
	3
	2,3,14,15
	
	
	

	34. 
	3
	4,5,16
	
	
	

	35. 
	3
	4,5,16,17
	
	
	

	36. 
	2
	12,14,15
	
	
	



For eType 2 DM-RS with maxLength=2, the following additional entries or at least a subset of the entries for antenna port indication Table 7.3.1.2.2-4/Table 7.3.1.2.2-4A [5] can be considered: 
Table 6: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	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)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0. 
	1
	12
	1
	0. 
	3
	12-16
	1

	1. 
	1
	13
	1
	1. 
	3
	12-17
	1

	2. 
	1
	12,13
	1
	2. 
	2
	0-3,12
	1

	3. 
	2
	12
	1
	3. 
	2
	0-3,12,13
	1

	4. 
	2
	13
	1
	4. 
	2
	0-3,12-14
	1

	5. 
	2
	14
	1
	5. 
	2
	0-3,12-15
	1

	6. 
	2
	15
	1
	6. 
	3
	0-5,12
	1

	7. 
	2
	12,13
	1
	7. 
	3
	0-5,12,13
	1

	8. 
	2
	14,15
	1
	8. 
	2
	12,13,14,15,18
	2

	9. 
	2
	12-14
	1
	9. 
	2
	12,13,14,15,18,19
	2

	10. 
	2
	12-15
	1
	10. 
	2
	12,13,14,15,18,19,20
	2

	11. 
	3
	12
	1
	11. 
	2
	12,13,14,15,18,19,20,21
	2

	12. 
	3
	13
	1
	12. 
	3
	12-18
	2

	13. 
	3
	14
	1
	13. 
	3
	12-19
	2

	14. 
	3
	15
	1
	14. 
	1
	0,1,6,7,12
	2

	15. 
	3
	16
	1
	15. 
	1
	0,1,6,7,12,13
	2

	16. 
	3
	17
	1
	16. 
	1
	0,1,6,7,12,13,18
	2

	17. 
	3
	12,13
	1
	17. 
	1
	0,1,6,7,12,13,18,19
	2

	18. 
	3
	14,15
	1
	18. 
	2
	0,1,6,7,12
	2

	19. 
	3
	16,17
	1
	19. 
	2
	0,1,6,7,12,13
	2

	20. 
	3
	12-14
	1
	20. 
	2
	0,1,6,7,12,13,18
	2

	21. 
	3
	15-17
	1
	21. 
	2
	0,1,6,7,12,13,18,19
	2

	22. 
	3
	12-15
	1
	22. 
	2
	2,3,8,9,14
	2

	23. 
	2
	12,14
	1
	23. 
	2
	2,3,8,9,14,15
	2

	24. 
	1
	0,1,12
	1
	24. 
	2
	2,3,8,9,14,15,20
	2

	25. 
	1
	0,1,12,13
	1
	25. 
	2
	2,3,8,9,14,15,20,21
	2

	26. 
	2
	0,1,12
	1
	26. 
	3
	0,1,6,7,12
	2

	27. 
	2
	0,1,12,13
	1
	27. 
	3
	0,1,6,7,12,13
	2

	28. 
	3
	0,1,12
	1
	28. 
	3
	0,1,6,7,12,13,18
	2

	29. 
	3
	0,1,12,13
	1
	29. 
	3
	0,1,6,7,12,13,18,19
	2

	30. 
	2
	2,3,14
	1
	30. 
	3
	2,3,8,9,14
	2

	31. 
	2
	2,3,14,15
	1
	31. 
	3
	2,3,8,9,14,15
	2

	32. 
	3
	2,3,14
	1
	32. 
	3
	2,3,8,9,14,15,20
	2

	33. 
	3
	2,3,14,15
	1
	33. 
	3
	2,3,8,9,14,15,20,21
	2

	34. 
	3
	4,5,16
	1
	34. 
	3
	4,5,10,11,16
	2

	35. 
	3
	4,5,16,17
	1
	35. 
	3
	4,5,10,11,16,17
	2

	36. 
	2
	12,14,15
	1
	36. 
	3
	4,5,10,11,16,17,22
	2

	37. 
	3
	12
	2
	37. 
	3
	4,5,10,11,16,17,22,23
	2

	38. 
	3
	13
	2
	
	
	
	

	39. 
	3
	14
	2
	
	
	
	

	40. 
	3
	15
	2
	
	
	
	

	41. 
	3
	16
	2
	
	
	
	

	42. 
	3
	17
	2
	
	
	
	

	43. 
	3
	18
	2
	
	
	
	

	44. 
	3
	19
	2
	
	
	
	

	45. 
	3
	20
	2
	
	
	
	

	46. 
	3
	21
	2
	
	
	
	

	47. 
	3
	22
	2
	
	
	
	

	48. 
	3
	23
	2
	
	
	
	

	49. 
	3
	12,13
	2
	
	
	
	

	50. 
	3
	14,15
	2
	
	
	
	

	51. 
	3
	16,17
	2
	
	
	
	

	52. 
	3
	18,19
	2
	
	
	
	

	53. 
	3
	20,21
	2
	
	
	
	

	54. 
	3
	22,23
	2
	
	
	
	

	55. 
	3
	12,13,18
	2
	
	
	
	

	56. 
	3
	13,18,19
	
	
	
	
	

	57. 
	3
	14,15,20
	2
	
	
	
	

	58. 
	3
	16,17,22
	2
	
	
	
	

	59. 
	3
	12,13,18,19
	2
	
	
	
	

	60. 
	3
	14,15,20,21
	2
	
	
	
	

	61. 
	3
	18,19,22,23
	2
	
	
	
	

	62. 
	1
	12
	2
	
	
	
	

	63. 
	1
	13
	2
	
	
	
	

	64. 
	1
	18
	2
	
	
	
	

	65. 
	1
	19
	2
	
	
	
	

	66. 
	1
	12,13
	2
	
	
	
	

	67. 
	1
	18,19
	2
	
	
	
	

	68. 
	1
	12,13,18
	2
	
	
	
	

	69. 
	1
	12,13,18,19
	2
	
	
	
	

	70. 
	2
	12,13
	2
	
	
	
	

	71. 
	2
	14,15
	2
	
	
	
	

	72. 
	2
	18,19
	2
	
	
	
	

	73. 
	2
	20,21
	2
	
	
	
	

	74. 
	2
	12,13,18
	2
	
	
	
	

	75. 
	2
	13,18,19
	2
	
	
	
	

	76. 
	2
	14,15,20
	2
	
	
	
	

	77. 
	2
	12,13,18,19
	2
	
	
	
	

	78. 
	2
	14,15,20, 21
	2
	
	
	
	



DM-RS for 8Tx Uplink Transmissions
The following working assumption was made in RAN1#112 for DM-RS for UL Ranks 5-8: 
	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].




We propose to confirm the working assumption since this unifies signaling method with legacy DMRS for PUSCH.
Proposal 11: Confirm working assumption for separate DMRS port tables for rank 5,6,7,8 for of eType 1/2 and maxLength=1/2 and remove the FFS. 
Conclusion
In this paper, DM-RS design for Rel-18 NR was discussed and the following proposals were made
Proposal 1: Support only Option-1 (larger FD-OCC) for DM-RS capacity enhancement in Rel-18 NR since there is no fundamental performance issue at large delay spreads.
Proposal 2: For PDSCH reception, Rel-18 eType 1 DM-RS ports 0-7 and eType 2 ports 0-11 can be paired with Rel-15 DM-RS ports for MU-MIMO operation
Proposal 3: For PDSCH reception, Rel-18 eType 1 DM-RS ports 8-15 and eType 2 ports 12-23 cannot = be paired with Rel-15 DM-RS ports for MU-MIMO operation
Proposal 4: For PUSCH, there is no restriction on MU-MIMO pairing between Rel-18 and Rel-15 DM-RS ports.
Proposal 5: For antenna port indication of Cat 1-3 ports, consider increasing DMRS antenna port indication field in DCI by at least one bit for each of the antenna port indication tables
Proposal 6: Append new DM-RS port combinations to existing antenna port indication tables
Proposal 7: Consider both MU-MIMO capacity enhancement as well DM-RS overhead reduction in the design of DM-RS antenna port indication tables
Proposal 8: Allow signaling of combination of legacy and new DM-RS port numbers for Re-18 DM-RS antenna port indication for low overhead SU and MU-MIMO operation
Proposal 9: Allow signalling for two codewords with maxLength=1 for eType 1/2 DM-RS
Proposal 10: Confirm the working assumption from RAN1#112 for support of 2 CW for Rel-18 eType1 DMRS with maxLength=1 for PDSCH. 
Proposal 11: Confirm working assumption for separate DMRS port tables for rank 5,6,7,8 for of eType 1/2 and maxLength=1/2 and remove the FFS
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Appendix: Legacy NR DM-RS Design
In NR Rel-15, two different DM-RS types were designed namely Type-1 and Type-2 DM-RS which are shown in Figure 6. 

[image: ]
	[bookmark: _Ref525830733]Figure 6: NR DM-RS Type 1



For the single symbol case, Type 1 DMRS uses a comb-2 structure with 2 CDM-Groups and length-2 FD-OCC per pair of alternating REs in each CDM-Group as shown in Figure 6.  The length-2 OCC is given by the columns of the length-2 Hadamard matrix




For the case of 2 symbol DM-RS the same length 2 OCC is used across the two time-domain symbols to multiplex 2 additional ports in each CDM group such that a total of 8 ports are supported. The following table shows the mapping of time domain OCC and frequency domain OCC to the supported DM-RS ports. 

Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	[image: ]
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	[image: ]
	[image: ]
	[image: ]

	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1



Type 2 DMRS uses a comb-3 structure with 3 CDM-Groups and length-2 FD-OCC per pair of adjacent REs in each CDM-Group as shown in
Figure 3. 

[image: ]
[bookmark: _Ref98170592]
[bookmark: _Ref98191146]Figure 3:  NR DM-RS Type 2
The FD-OCC is given by the columns of the same matrix H. And similar time domain multiplexing as in the case of  Type 1 DM-RS is used as shown in the following table. 

[bookmark: _Hlk98191099]Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1
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