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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is DMRS enhancement, which is listed as below
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

In this contribution, the design of doubling the number of orthogonal DMRS ports in Rel-18 is proposed. The issue of coexistence between legacy DMRS ports and new DMRS ports is also address. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Scheme to increase number of orthogonal DMRS ports
In RAN1 #110bis-e, the following agreements are agreed. 
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 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

With the above two agreements, the remaining issue on OCC code design are the following two
· Whether adopt DFT codes or Hadamard codes for FD-OCC4?
· What TD-OCC codes are adopted for dual symbol DMRS?
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In RAN1 #110bis-e, the following agreement is made. 
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 



Regarding size 4 Hadamard code vs size 4 DFT code, Hadamard matrix is preferred because it can be implemented simply by sign flip, while size 4 DFT code has to be implemented with sign flip and IQ swap due to the j and -j entries. 
Furthermore, it is expected that size-4 DFT matrix would perform worse than size-4 Hadamard matrix with TTL residual timing error. The reason is because DFT code is essentially a phase ramp in frequency domain, where each DFT vector is just an all 1 vector with a certain phase ramp. A timing error could make a DFT vector look like another DFT vector to receiver, because timing error translates into a phase ramp in frequency domain. However, the columns of Hadamard matrix does not have this phase ramp property, which makes it more robust to phase ramping due to TLL residual timing error. 
Based on the above rationale, the following proposal is proposed. 
Proposal 1: Support option 1-1, i.e., adopt the following Walsh/Hadamard matrix for FD-OCC-4 for Rel-18 eType 1/eType 2 DMRS.
· 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 


TD-OCC for dual symbol DMRS
In RAN1 #110bis-e, there was a discussion on TD-OCC design for dual symbol DMRS. The following proposal was formulated by moderator, with no conclusion achieved. 
Proposal#2.2.5:
For length 2 TD-OCC (across consecutive DMRS symbols, if any) for DMRS of PDSCH/PUSCH for Rel.18 eType 1/2 DMRS, support one from the following TD-OCCs:
·  Opt.1:
	TD-OCC index
	Wt(0)
	Wt(1)

	0
	+1
	+1

	1
	+1
	-1


· Opt.2:
	TD-OCC index
	Port 0~7 for eType 1
Port 0~11 for eType 2
	Port 8~15 for eType 1
Port 12~23 for eType 2

	
	Wt(0)
	Wt(1)
	Wt(0)
	Wt(1)

	0
	+1
	+1
	+1
	+j

	1
	+1
	-1
	+1
	-j



On this issue, we understand that option 2 might generate more balanced cross-correlation across different DMRS ports within half size of FD-OCC-4, i.e., with 2 tones in one CDM group. However, given the Rel-18 DMRS ports are designed with 4 tones in one CDM group, we don’t see strong motivation to optimize only with 2 tones in one CDM group. Therefore, it is preferred to adopt option 1 to have a simple and unified TD-OCC design as in Rel-15. 
Proposal 2: For length 2 TD-OCC (across consecutive DMRS symbols, if any) for DMRS of PDSCH/PUSCH for Rel.18 eType 1/2 DMRS, support Opt.1, i.e., the following TD-OCC design.
· Opt.1:
	TD-OCC index
	Wt(0)
	Wt(1)

	0
	+1
	+1

	1
	+1
	-1


Dynamic switch between FD-OCC2 and FD-OCC4
In RAN1 #110, there was a discussion on how to switch between length 2 FD-OCC and length 4 FD-OCC. The following agreement was made to further study whether there is potential gain with dynamic DCI based switch. 
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).

As shown in the following figure, due to the “nested” property of FD-OCC code, port 0/1 can be viewed with FD-OCC 2, if port 8/9 does not exist. While, port 0/1 can be viewed with FD-OCC 4, if port 8/9 exist. In other words, port 0/1 can be treated as with either FD-OCC 2 or FD-OCC 4, depends on the other (MU) ports are used or not by gNB. The potential gain for this dynamic FD-OCC size switch, if exist, is because the channel estimation of port 0/1 can potentially be improved assuming FD-OCC2 than assuming FD-OCC4, when receiver performs channel estimation. 
[image: ]
Fig 1: Concept of FD-OCC 4 and FD-OCC 2 switch
On the other hand, it is obvious that this dynamic switch would significantly increase UE’s implementation complexity.  As shown in Fig 2, with DCI triggered dynamic switch, UE need to implement two different channel estimation block and dynamically switch between them based on DCI decoding result. This will increase UE’s hardwire cost, software control logic complexity, and processing time for PDSCH decoding and PUSCH transmission. 

[image: ]
[bookmark: _Ref115177096]Fig 2: Receiver structure of FD-OCC 4 and FD-OCC 2 switch
Based on the above analysis, the question is how large the performance gain of dynamic OCC size switch is, which should be studied to justify whether supporting dynamic switch via DCI or not. In the reminder of this section, the following scenarios is simulated. 
· Scenario 1: Key simulation assumptions
· 2 MU users with single symbol type 1 DMRS. Two users are on two different combs.  
· Each user with rank 2 PDSCH. UE 1 with DMRS port 0/1. UE 2 with DMRS port 2/3. 
· gNB indicates UE to assume size 4 FD-OCC for the total 4 layers MU PDSCH reception
· UE channel estimation assumes size 4 FD-OCC
· Scenario 2: 
· 2 MU users with single symbol type 1 DMRS. Two users are on two different combs.   
· Each user with rank 2 PDSCH. UE 1 with DMRS port 0/1. UE 2 with DMRS port 2/3.
· gNB indicates UE to assume size 2 FD-OCC for the total 4 layers MU PDSCH reception
· UE channel estimation assumes size 2 FD-OCC

The only difference between the two scenario is the UE’s channel estimation assumes size 4 FD-OCC in scenario 1, while assumes size 2 FD-OCC in scenario 2. The average throughput across the two UEs are simulated under the channel with 1000ns delay spread, which is the channel where the largest gain of OCC size switch can potentially offer. The comparison between scenario 1 and scenario 2, based on joint MMSE, is shown in Fig 3. Based on the simulation results, only negligible gain is observed between FD-OCC 4 and FD-OCC 2. Based on the simulation result, it is not justified to support DCI based dynamic OCC size switch, considering the complexity of UE implementation. 
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[bookmark: _Ref115194880]Fig 3: Performance comparison between assuming FD-OCC 2 vs FD-OCC 4 with joint MMSE channel estimation
Based on the above study results, the following proposal is made. 
Proposal 3: Do not support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC. 
Rel-18 DMRS ports signalling
DMRS ports signalling for PDSCH
Before we design the signalling scheme for Rel-18 DMRS ports for PDSCH, it is beneficial to review the principles that were used to design Rel-15 DMRS ports signalling. It is observed that Rel-15 DMRS ports signalling scheme (e.g., Table 7.3.1.2.2-2) was designed following the below principles: 
· The table should cover 1, 2, 3 CDM group(s) without data
· Put DMRS ports of a same UE into a same CDM group as much as possible. If one CDM group cannot accommodate required number of DMRS ports, use the next CDM group. 
· In one CDM group, put DMRS ports into a same sub-group with a same TD-OCC code. If one sub-group cannot accommodate required number of DMRS ports, use the next sub-group with a different TD-OCC codes. 
· Allow a few special entries which effectively use FD-OCC-1, such as value 11 with DMRS ports {0,2} in Table 7.3.1.2.2-1, or value 24 with DMRS ports {0,4} and value 25 with DMRS ports {2,6} in Table 7.3.1.2.2-2. The advantage of those special entries is that they are robust in high delay spread channels. 

In general, there is no justification to deviate from the above principles to design Rel-18 DMRS ports for PDSCH. Therefore, for Rel-18, we reuse the above principle to design PDSCH DMRS ports signalling. Furthermore, for Rel-18, to achieve DMRS overhead reduction and to boost peak throughput for single UE, Rel-18 should allow >4 layers PDSCH to be scheduled with DMRS ports within only 1 DMRS symbol. Therefore, the following additional principle should be following for Rel-18 DMRS. 
· Rel-18 should allow signalling >4 layers PDSCH with DMRS ports in one OFDM symbol

Regarding the Tables for Rel-18 DMRS ports signalling, it is natural to expand the Rel-15 tables with (roughly) doubled entries.  
With the above analysis, the following proposals are made. 
Proposal 4: Support signalling >4 layers PDSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 5: Adopt Table 7.3.1.2.2-1/2/3/4-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PDSCH.
Note: the colour coding in tables is as the following. Black entries are reused Rel-15 entries. Green entries are “image” entries similar to Rel-15 entries. Red entries are entries to allow rank 3-4 in one CDM group and rank 5-8 in one DMRS symbol, with the purpose to save DMRS overhead to boost SU peak throughput. Blue entries are entries to allow rank 5-8 in one CDM group with dual DMRS symbols.
Table 7.3.1.2.2-1-Rel18: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, 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
	Reused Rel-15 entries
	0
	2
	0,1,2,8,9
	Rank 5-8 with one DMRS symbol

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

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

	3
	2
	0
	
	3
	2
	0-3,8-10
	

	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
	Image entries similar to Rel-15 entries

	
	
	
	

	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
	
	
	
	
	

	24
	1
	0,1,8
	Rank 3 & 4 in one CDM group
	
	
	
	

	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
	
	
	
	
	

	30
	
	
	
	
	
	
	

	31
	
	
	
	
	
	
	



Table 7.3.1.2.2-2-Rel18: 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

	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
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	1
	1
	4
	2
	8-12
	2

	5
	2
	2
	1
	5
	2
	8,9,10,11,12,14
	2

	6
	2
	3
	1
	6
	2
	8-14
	2

	7
	2
	0,1
	1
	7
	2
	8-15
	2

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

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

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

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

	12
	2
	0
	2
	12
	1
	0,1,4,8,9
	2

	13
	2
	1
	2
	13
	1
	0,1,4,5,8,9
	2

	14
	2
	2
	2
	14
	1
	0,1,4,5,8,9,12
	2

	15
	2
	3
	2
	15
	1
	0,1,4,5,8,9,12,13
	2

	16
	2
	4
	2
	16
	2
	0,1,4,8,9
	2

	17
	2
	5
	2
	17
	2
	0,1,4,5,8,9
	2

	18
	2
	6
	2
	18
	2
	0,1,4,5,8,9,12
	2

	19
	2
	7
	2
	19
	2
	0,1,4,5,8,9,12,13
	2

	20
	2
	0,1
	2
	20
	2
	2,3,6,10,11
	2

	21
	2
	2,3
	2
	21
	2
	2,3,6,7,10,11
	2

	22
	2
	4,5
	2
	22
	2
	2,3,6,7,10,11,14
	2

	23
	2
	6,7
	2
	23
	2
	2,3,6,7,10,11,14,15
	2

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	31
	1
	8
	1
	
	
	
	

	32
	1
	9
	1
	
	
	
	

	33
	1
	8,9
	1
	
	
	
	

	34
	2
	8
	1
	
	
	
	

	35
	2
	9
	1
	
	
	
	

	36
	2
	10
	1
	
	
	
	

	37
	2
	11
	1
	
	
	
	

	38
	2
	8,9
	1
	
	
	
	

	39
	2
	10,11
	1
	
	
	
	

	40
	2
	8-10
	1
	
	
	
	

	41
	2
	8-11
	1
	
	
	
	

	42
	2
	8,10
	1
	
	
	
	

	43
	2
	8
	2
	
	
	
	

	44
	2
	9
	2
	
	
	
	

	45
	2
	10
	2
	
	
	
	

	46
	2
	11
	2
	
	
	
	

	47
	2
	12
	2
	
	
	
	

	48
	2
	13
	2
	
	
	
	

	49
	2
	14
	2
	
	
	
	

	50
	2
	15
	2
	
	
	
	

	51
	2
	8,9
	2
	
	
	
	

	52
	2
	10,11
	2
	
	
	
	

	53
	2
	12,13
	2
	
	
	
	

	54
	2
	14,15
	2
	
	
	
	

	55
	2
	8,12
	2
	
	
	
	

	56
	2
	10,14
	2
	
	
	
	

	57
	2
	8,9,12
	2
	
	
	
	

	58
	2
	10,11,14
	2
	
	
	
	

	59
	2
	8,9,12,13
	2
	
	
	
	

	60
	2
	10,11,14,15
	2
	
	
	
	

	61
	2
	8,10,12,14
	2
	
	
	
	

	62
	1
	0,1,8
	1
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	



Table 7.3.1.2.2-3-Rel18: 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
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	2
	3
	12-16

	3
	2
	0
	3
	3
	12-17

	4
	2
	1
	4
	2
	0,1,2,12,13

	5
	2
	2
	5
	2
	0,1,2,3,12,13

	6
	2
	3
	6
	2
	0-3,12-14

	7
	2
	0,1
	7
	2
	0-3,12-15

	8
	2
	2,3
	8
	3
	0,1,2,12,13

	9
	2
	0-2
	9
	3
	0,1,2,3,12,13

	10
	2
	0-3
	10
	3
	0-3,12-14

	11
	3
	0
	11
	3
	0-3,12-15

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1
	
	
	

	18
	3
	2,3
	
	
	

	19
	3
	4,5
	
	
	

	20
	3
	0-2
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24
	1
	12
	
	
	

	25
	1
	13
	
	
	

	26
	1
	12,13
	
	
	

	27
	2
	12
	
	
	

	28
	2
	13
	
	
	

	29
	2
	14
	
	
	

	30
	2
	15
	
	
	

	31
	2
	12,13
	
	
	

	32
	2
	14,15
	
	
	

	33
	2
	12-14
	
	
	

	34
	2
	12-15
	
	
	

	35
	3
	12
	
	
	

	36
	3
	13
	
	
	

	37
	3
	14
	
	
	

	38
	3
	15
	
	
	

	39
	3
	16
	
	
	

	40
	3
	17
	
	
	

	41
	3
	12,13
	
	
	

	42
	3
	14,15
	
	
	

	43
	3
	16,17
	
	
	

	44
	3
	12-14
	
	
	

	45
	3
	15-17
	
	
	

	46
	3
	12-15
	
	
	

	47
	2
	12,14
	
	
	

	48
	1
	0,1,12
	
	
	

	49
	1
	0,1,12,13
	
	
	

	50
	2
	0,1,12
	
	
	

	51
	2
	0,1,12,13
	
	
	

	52
	2
	2,3,14
	
	
	

	53
	2
	2,3,14,15
	
	
	

	54
	3
	0,1,12
	
	
	

	55
	3
	0,1,12,13
	
	
	

	56
	3
	2,3,14
	
	
	

	57
	3
	2,3,14,15
	
	
	

	58
	3
	4,5,16
	
	
	

	59
	3
	4,5,16,17
	
	
	



Table 7.3.1.2.2-4: 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
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2

	6
	2
	3
	1
	6
	3
	12-16
	1

	7
	2
	0,1
	1
	7
	3
	12-17
	1

	8
	2
	2,3
	1
	8
	2
	12-15,18
	2

	9
	2
	0-2
	1
	9
	2
	12-15,18,20
	2

	10
	2
	0-3
	1
	10
	2
	12-15,18-20
	2

	11
	3
	0
	1
	11
	2
	12-15,18-21
	2

	12
	3
	1
	1
	12
	2
	0,1,2,12,13
	1

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

	14
	3
	3
	1
	14
	2
	0-3,12-14
	1

	15
	3
	4
	1
	15
	2
	0-3,12-15
	1

	16
	3
	5
	1
	16
	3
	0,1,2,12,13
	1

	17
	3
	0,1
	1
	17
	3
	0-3,12,13
	1

	18
	3
	2,3
	1
	18
	3
	0-3,12-14
	1

	19
	3
	4,5
	1
	19
	3
	0-3,12-15
	1

	20
	3
	0-2
	1
	20
	1
	0,1,6,12,13,
	2

	21
	3
	3-5
	1
	21
	1
	0,1,6,7,12,13
	2

	22
	3
	0-3
	1
	22
	1
	0,1,6,7,12,13,18
	2

	23
	2
	0,2
	1
	23
	1
	0,1,6,7,12,13,18,19
	2

	24
	3
	0
	2
	24
	2
	0,1,6,12,13,
	2

	25
	3
	1
	2
	25
	2
	0,1,6,7,12,13
	2

	26
	3
	2
	2
	26
	2
	0,1,6,7,12,13,18
	2

	27
	3
	3
	2
	27
	2
	0,1,6,7,12,13,18,19
	2

	28
	3
	4
	2
	28
	2
	2,3,8,14,15
	2

	29
	3
	5
	2
	29
	2
	2,3,8,9,14,15
	2

	30
	3
	6
	2
	30
	2
	2,3,8,9,14,15,20
	2

	31
	3
	7
	2
	31
	2
	2,3,8,9,14,15,20,21
	2

	32
	3
	8
	2
	32
	3
	0,1,6,12,13,
	2

	33
	3
	9
	2
	33
	3
	0,1,6,7,12,13
	2

	34
	3
	10
	2
	34
	3
	0,1,6,7,12,13,18
	2

	35
	3
	11
	2
	35
	3
	0,1,6,7,12,13,18,19
	2

	36
	3
	0,1
	2
	36
	3
	2,3,8,14,15
	2

	37
	3
	2,3
	2
	37
	3
	2,3,8,9,14,15
	2

	38
	3
	4,5
	2
	38
	3
	2,3,8,9,14,15,20
	2

	39
	3
	6,7
	2
	39
	3
	2,3,8,9,14,15,20,21
	2

	40
	3
	8,9
	2
	40
	3
	4,5,10,16,17
	2

	41
	3
	10,11
	2
	41
	3
	4,5,10,11,16,17
	2

	42
	3
	0,1,6
	2
	42
	3
	4,5,10,11,16,17,22
	2

	43
	3
	2,3,8
	2
	43
	3
	4,5,10,11,16,17,22,23
	2

	44
	3
	4,5,10
	2
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	

	48
	1
	0
	2
	
	
	
	

	49
	1
	1
	2
	
	
	
	

	50
	1
	6
	2
	
	
	
	

	51
	1
	7
	2
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58
	1
	12
	1
	
	
	
	

	59
	1
	13
	1
	
	
	
	

	60
	1
	12,13
	1
	
	
	
	

	61
	2
	12
	1
	
	
	
	

	62
	2
	13
	1
	
	
	
	

	63
	2
	14
	1
	
	
	
	

	64
	2
	15
	1
	
	
	
	

	65
	2
	12,13
	1
	
	
	
	

	66
	2
	14,15
	1
	
	
	
	

	67
	2
	12-14
	1
	
	
	
	

	68
	2
	12-15
	1
	
	
	
	

	69
	3
	12
	1
	
	
	
	

	70
	3
	13
	1
	
	
	
	

	71
	3
	14
	1
	
	
	
	

	72
	3
	15
	1
	
	
	
	

	73
	3
	16
	1
	
	
	
	

	74
	3
	17
	1
	
	
	
	

	75
	3
	12,13
	1
	
	
	
	

	76
	3
	14,15
	1
	
	
	
	

	77
	3
	16,17
	1
	
	
	
	

	78
	3
	12-14
	1
	
	
	
	

	79
	3
	15-17
	1
	
	
	
	

	80
	3
	12-15
	1
	
	
	
	

	81
	2
	12,14
	1
	
	
	
	

	82
	3
	12
	2
	
	
	
	

	83
	3
	13
	2
	
	
	
	

	84
	3
	14
	2
	
	
	
	

	85
	3
	15
	2
	
	
	
	

	86
	3
	16
	2
	
	
	
	

	87
	3
	17
	2
	
	
	
	

	88
	3
	18
	2
	
	
	
	

	89
	3
	19
	2
	
	
	
	

	90
	3
	20
	2
	
	
	
	

	91
	3
	21
	2
	
	
	
	

	92
	3
	22
	2
	
	
	
	

	93
	3
	24
	2
	
	
	
	

	94
	3
	12,13
	2
	
	
	
	

	95
	3
	14,15
	2
	
	
	
	

	96
	3
	16,17
	2
	
	
	
	

	97
	3
	18,19
	2
	
	
	
	

	98
	3
	20,21
	2
	
	
	
	

	99
	3
	22,23
	2
	
	
	
	

	100
	3
	12,13,18
	2
	
	
	
	

	101
	3
	14,15,20
	2
	
	
	
	

	102
	3
	16,17,22
	2
	
	
	
	

	103
	3
	12,13,18,19
	2
	
	
	
	

	104
	3
	14,15,20,21
	2
	
	
	
	

	105
	3
	16,17,22,23
	2
	
	
	
	

	106
	1
	12
	2
	
	
	
	

	107
	1
	13
	2
	
	
	
	

	108
	1
	18
	2
	
	
	
	

	109
	1
	19
	2
	
	
	
	

	110
	1
	12,13
	2
	
	
	
	

	111
	1
	18,19
	2
	
	
	
	

	112
	2
	12,13
	2
	
	
	
	

	113
	2
	14,15
	2
	
	
	
	

	114
	2
	18,19
	2
	
	
	
	

	115
	2
	20,21
	2
	
	
	
	

	116
	1
	0,1,12
	1
	
	
	
	

	117
	1
	0,1,12,13
	1
	
	
	
	

	118
	2
	0,1,12
	1
	
	
	
	

	119
	2
	0,1,12,13
	1
	
	
	
	

	120
	2
	2,3,14
	1
	
	
	
	

	121
	2
	2,3,14,15
	1
	
	
	
	

	122
	3
	0,1,12
	1
	
	
	
	

	123
	3
	0,1,12,13
	1
	
	
	
	

	124
	3
	2,3,14
	1
	
	
	
	

	125
	3
	2,3,14,15
	1
	
	
	
	

	126
	3
	4,5,14
	1
	
	
	
	

	127
	3
	4,5,16,17
	1
	
	
	
	



DMRS ports signalling for PUSCH
For DMRS ports signalling for PUSCH, there are two enhancements need to be covered for Rel-18. 
· Signalling Rel-15 DMRS ports to support >4 layers PUSCH
· Signalling Rel-18 DMRS ports to support 1-8 layers PUSCH

Signalling Rel-18 DMRS ports to support 1-8 layers PUSCH
For this issue, similar to DL, it is very naturally to reuse Rel-15 signalling table and expand it to add new entries for new ports introduced in Rel-18. Furthermore, for Rel-18, to achieve DMRS overhead reduction and to boost peak throughput for single UE, Rel-18 should allow >4 layers PUSCH to be scheduled with 8 DMRS ports with only 1 DMRS symbol. Therefore, the following additional principle should be following for Rel-18 DMRS. 
· Rel-18 should allow signalling >4 layers PUSCH with DMRS ports in one OFDM symbol

With the above analysis, the following proposals are made. 
Proposal 6: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 7: Adopt Table 7.3.1.1.2-8/9/10/11/12/13/14/15/16/17/18/19/20/21/22/23-Rel18 and Table 7.3.1.1.2-8A/9A/10A/11A/12A/13A/14A/15A/16A/17A/18A/19A/20A/21A/22A/23A-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PUSCH.
Note: the colour coding in tables is as the following. Black entries are reused Rel-15 entries. Green entries are “image” entries similar to Rel-15 entries. Red entries are entries to allow rank 3-4 in one CDM group and rank 5-8 in one DMRS symbol, with the purpose to save DMRS overhead to boost SU peak throughput. Blue entries are entries to allow rank 5-8 in one CDM group with dual DMRS symbols.

Table 7.3.1.1.2-8-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	7
	2
	8,10

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	2
	8-10

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	2
	8-11

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-8A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,8,9

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-9A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-10A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-11A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3,8-10

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-12-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14
	1
	8
	1

	15
	1
	9
	1

	16
	2
	8
	1

	17
	2
	9
	1

	18
	2
	10
	1

	19
	2
	11
	1

	20
	2
	8
	2

	21
	2
	9
	2

	22
	2
	10
	2

	23
	2
	11
	2

	24
	2
	12
	2

	25
	2
	13
	2

	26
	2
	14
	2

	27
	2
	15
	2

	28-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10
	1
	8,9
	1

	11
	2
	8,9
	1

	12
	2
	10,11
	1

	13
	2
	8,10
	1

	14
	2
	8,9
	2

	15
	2
	10,11
	2

	16
	2
	12,13
	2

	17
	2
	14,15
	2

	18
	2
	8,12
	2

	19
	2
	10,14
	2

	20-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	3
	2
	8-10
	1

	4
	2
	8,9,12
	2

	5
	2
	10,11,14
	2

	6
	1
	0,1,8
	1

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1

	9
	1
	0,1,4
	2

	10
	1
	8,9,12
	2

	11
	1
	2,3,6
	2

	12
	1
	10,11,14
	2

	13
	1
	0,1,8
	2

	14
	1
	4,5,12
	2

	15
	2
	0,1,8
	2

	16
	2
	4,5,12
	2

	17
	2
	2,3,10
	2

	18
	2
	6,7,14
	2

	19-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4
	2
	8-11
	1

	5
	2
	8,9,12,13
	2

	6
	2
	10,11,14,15
	2

	7
	2
	8,10,12,14
	2

	8
	1
	0,1,8,9
	1

	9
	2
	0,1,8,9
	1

	10
	2
	2,3,10,11
	1

	11
	1
	0,1,4,5
	2

	12
	1
	8,9,12,13
	2

	13
	1
	2,3,6,7
	2

	14
	1
	10,11,14,15
	2

	15
	1
	0,1,8,9
	2

	16
	1
	4,5,12,13
	2

	17
	2
	0,1,8,9
	2

	18
	2
	4,5,12,13
	2

	19
	2
	2,3,10,11
	2

	20
	2
	6,7,14,15
	2

	21-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-12A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-4
	2

	1
	2
	8-12
	2

	2
	2
	0,1,2,8,9
	1

	3
	1
	0,1,4,8,9
	2

	4
	2
	0,1,4,8,9
	2

	5
	2
	2,3,6,10,11
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,6
	2

	1
	2
	8,9,10,11,12,14
	2

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

	3
	1
	0,1,4,5,8,9
	2

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

	5
	2
	2,3,6,7,10,11
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-6
	2

	1
	2
	8-14
	2

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

	3
	1
	0,1,4,5,8,9,12
	2

	4
	2
	0,1,4,5,8,9,12
	2

	5
	2
	2,3,6,7,10,11,14
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-7
	2

	1
	2
	8-15
	2

	2
	2
	0-3,8-11
	1

	3
	1
	0,1,4,5,8,9,12,13
	2

	4
	2
	0,1,4,5,8,9,12,13
	2

	5
	2
	2,3,6,7,10,11,14,15
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-16-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	3
	0

	7
	3
	1

	8
	3
	2

	9
	3
	3

	10
	3
	4

	11
	3
	5

	12
	1
	12

	13
	1
	13

	14
	2
	12

	15
	2
	13

	16
	2
	14

	17
	2
	15

	18
	3
	12

	19
	3
	13

	20
	3
	14

	21
	3
	15

	22
	3
	16

	23
	3
	17

	24-31
	Reserved
	Reserved



Table 7.3.1.1.2-17-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	3
	0,1

	4
	3
	2,3

	5
	3
	4,5

	6
	2
	0,2

	7
	1
	12,13

	8
	2
	12,13

	9
	2
	14,15

	10
	3
	12,13

	11
	3
	14,15

	12
	3
	16,17

	13
	2
	12,14

	14-31
	Reserved
	Reserved



Table 7.3.1.1.2-18-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	3
	1
	0,1,12

	4
	2
	0,1,12

	5
	2
	2,3,14

	6
	3
	0,1,12

	7
	3
	2,3,14

	8
	3
	4,5,16

	9-31
	Reserved
	Reserved



Table 7.3.1.1.2-19-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	3
	0-3

	2
	1
	0,1,12,13

	3
	2
	0,1,12,13

	4
	2
	2,3,14,15

	5
	3
	0,1,12,13

	6
	3
	2,3,14,15

	7
	3
	4,5,16,17

	2-31
	Reserved
	Reserved



Table 7.3.1.1.2-16A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1
	3
	12-16

	2
	2
	0,1,2,12,13

	3
	3
	0,1,2,12,13

	4-31
	Reserved
	Reserved



Table 7.3.1.1.2-17A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-5

	1
	3
	12-17

	2
	2
	0,1,2,3,12,13

	3
	3
	0,1,2,3,12,13

	4-31
	Reserved
	Reserved



Table 7.3.1.1.2-18A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3,12-14

	1
	3
	0-3,12-14

	2-31
	Reserved
	Reserved



Table 7.3.1.1.2-19A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3,12-15

	1
	3
	0-3,12-15

	2-31
	Reserved
	Reserved




Table 7.3.1.1.2-20-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	3
	0
	1

	7
	3
	1
	1

	8
	3
	2
	1

	9
	3
	3
	1

	10
	3
	4
	1

	11
	3
	5
	1

	12
	3
	0
	2

	13
	3
	1
	2

	14
	3
	2
	2

	15
	3
	3
	2

	16
	3
	4
	2

	17
	3
	5
	2

	18
	3
	6
	2

	19
	3
	7
	2

	20
	3
	8
	2

	21
	3
	9
	2

	22
	3
	10
	2

	23
	3
	11
	2

	24
	1
	0
	2

	25
	1
	1
	2

	26
	1
	6
	2

	27
	1
	7
	2

	28
	1
	12
	1

	29
	1
	13
	1

	30
	2
	12
	1

	31
	2
	13
	1

	32
	2
	14
	1

	33
	2
	15
	1

	34
	3
	12
	1

	35
	3
	13
	1

	36
	3
	14
	1

	37
	3
	15
	1

	38
	3
	16
	1

	39
	3
	17
	1

	40
	3
	12
	2

	41
	3
	13
	2

	42
	3
	14
	2

	43
	3
	15
	2

	44
	3
	16
	2

	45
	3
	17
	2

	46
	3
	18
	2

	47
	3
	19
	2

	48
	3
	20
	2

	49
	3
	21
	2

	50
	3
	22
	2

	51
	3
	23
	2

	52
	1
	12
	2

	53
	1
	13
	2

	54
	1
	18
	2

	55
	1
	19
	2

	56-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	3
	0,1
	1

	4
	3
	2,3
	1

	5
	3
	4,5
	1

	6
	2
	0,2
	1

	7
	3
	0,1
	2

	8
	3
	2,3
	2

	9
	3
	4,5
	2

	10
	3
	6,7
	2

	11
	3
	8,9
	2

	12
	3
	10,11
	2

	13
	1
	0,1
	2

	14
	1
	6,7
	2

	15
	2
	0,1
	2

	16
	2
	2,3
	2

	17
	2
	6,7
	2

	18
	2
	8,9
	2

	19
	1
	12,13
	1

	20
	2
	12,13
	1

	21
	2
	14,15
	1

	22
	3
	12,13
	1

	23
	3
	14,15
	1

	24
	3
	16,17
	1

	25
	2
	12,14
	1

	26
	3
	12,13
	2

	27
	3
	14,15
	2

	28
	3
	16,17
	2

	29
	3
	18,19
	2

	30
	3
	20,21
	2

	31
	3
	22,23
	2

	32
	1
	12,13
	2

	33
	1
	18,19
	2

	34
	2
	12,13
	2

	35
	2
	14,15
	2

	36
	2
	18,19
	2

	37
	2
	20,21
	2

	38-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	3
	0-2
	1

	2
	3
	3-5
	1

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2

	6
	1
	0,1,12
	1

	7
	2
	0,1,12
	1

	8
	2
	2,3,14
	1

	9
	3
	0,1,12
	1

	10
	3
	2,3,14
	1

	11
	3
	4,5,16
	1

	12
	1
	0,1,12
	2

	13
	1
	6,7,18
	2

	14
	1
	0,1,6
	2

	15
	1
	12,13,18
	2

	16
	2
	0,1,12
	2

	17
	2
	6,7,18
	2

	18
	2
	2,3,14
	2

	19
	2
	8,9,20
	2

	20
	2
	0,1,6
	2

	21
	2
	12,13,18
	2

	22
	2
	2,3,8
	2

	23
	2
	14,15,20
	2

	24
	3
	0,1,12
	2

	25
	3
	6,7,18
	2

	26
	3
	2,3,14
	2

	27
	3
	8,9,20
	2

	28
	3
	4,5,16
	2

	29
	3
	10,11,22
	2

	30
	3
	12,13,18
	2

	31
	3
	14,15,20
	2

	32
	3
	16,17,22
	2

	33-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	3
	0-3
	1

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2

	5
	1
	0,1,12,13
	1

	6
	2
	0,1,12,13
	1

	7
	2
	2,3,14,15
	1

	8
	3
	0,1,12,13
	1

	9
	3
	2,3,14,15
	1

	10
	3
	4,5,16,17
	1

	11
	1
	0,1,12,13
	2

	12
	1
	6,7,18,19
	2

	13
	1
	0,1,6,7
	2

	14
	1
	12,13,18,19
	2

	15
	2
	0,1,12,13
	2

	16
	2
	6,7,18,19
	2

	17
	2
	2,3,14,15
	2

	18
	2
	8,9,20,21
	2

	19
	2
	0,1,6,7
	2

	20
	2
	12,13,18,19
	2

	21
	2
	2,3,8,9
	2

	22
	2
	14,15,20,21
	2

	23
	3
	0,1,12,13
	2

	24
	3
	6,7,18,19
	2

	25
	3
	2,3,14,15
	2

	26
	3
	8,9,20,21
	2

	27
	3
	4,5,16,17
	2

	28
	3
	10,11,22,23
	2

	29
	3
	12,13,18,19
	2

	30
	3
	14,15,20,21
	2

	31
	3
	16,17,22,23
	2

	32-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-20A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-4
	1

	1
	2
	0,1,2,3,6
	2

	2
	3
	12-16
	1

	3
	2
	12-15,18
	2

	4
	2
	0,1,2,12,13
	1

	5
	3
	0,1,2,12,13
	1

	6
	1
	0,1,6,12,13
	2

	7
	2
	0,1,6,12,13
	2

	8
	2
	2,3,8,14,15
	2

	9
	3
	0,1,6,12,13
	2

	10
	3
	2,3,8,14,15
	2

	11
	3
	4,5,10,16,17
	2

	12-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-5
	1

	1
	2
	0,1,2,3,6,8
	2

	2
	3
	12-17
	1

	3
	2
	12-15,18,20
	2

	4
	2
	0-3,12,13
	1

	5
	3
	0-3,12,13
	1

	6
	1
	0,1,6,7,12,13
	2

	7
	2
	0,1,6,7,12,13
	2

	8
	2
	2,3,8,9,14,15
	2

	9
	3
	0,1,6,7,12,13
	2

	10
	3
	2,3,8,9,14,15
	2

	11
	3
	4,5,10,11,16,17
	2

	12-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8
	2

	1
	2
	12-15,18-20
	2

	2
	2
	0-3,12-14
	1

	3
	3
	0-3,12-14
	1

	4
	1
	0,1,6,7,12,13,18
	2

	5
	2
	0,1,6,7,12,13,18
	2

	6
	2
	2,3,8,9,14,15,20
	2

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

	8
	3
	2,3,8,9,14,15,20
	2

	9
	3
	4,5,10,11,16,17,22
	2

	10-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8,9
	2

	1
	2
	12-15,18-21
	2

	2
	2
	0-3,12-15
	1

	3
	3
	0-3,12-15
	1

	4
	1
	0,1,6,7,12,13,18,19
	2

	5
	2
	0,1,6,7,12,13,18,19
	2

	6
	2
	2,3,8,9,14,15,20,21
	2

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

	8
	3
	2,3,8,9,14,15,20,21
	2

	9
	3
	4,5,10,11,16,17,22,23
	2

	10-63
	Reserved
	Reserved
	Reserved



Signalling Rel-15 DMRS ports to support >4 layers PUSCH
Since >4 layers PUSCH is introduced in Rel-18, it might be beneficial to support >4 layers PUSCH with only legacy Rel-15 DMRS ports, for those UE that does not support Rel-18 extended DMRS ports. But given that using Rel-15 DMRS ports to support >4 layers PUSCH would require 2 DMRS symbols, it could reduce PUSCH peak throughput. Therefore, the benefit of this feature is not significant. Nevertheless, this feature can still be introduced with an optional UE capability. To support this particular feature, it is natural to reuse Rel-15 DL >4 layers PDSCH DMRS ports signalling. 
With the above analysis, the following is proposed. 
Proposal 8: Adopt Table 7.3.1.1.2-12B/13B/14B/15B/16B/17B/20B/21B/22B/23B-Rel18 to support signalling >4 layers PDSCH with Rel-15 DMRS ports subject to an optional UE capability. 
Table 7.3.1.1.2-12B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-4
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,6
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,5,6
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,5,6,7
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-16B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-17B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-5

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-20B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-4
	1

	1
	2
	0,1,2,3,6
	2

	12-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-5
	1

	1
	2
	0,1,2,3,6,8
	2

	2-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8
	2

	1-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23B-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8,9
	2

	1-31
	Reserved
	Reserved
	Reserved


MU-scheduling restriction
If we exam option 1 (size 4 FD-OCC) carefully, it still has some impact to SU channel estimation, due to the potentially co-scheduled MU in a same CDM group.
Consider the following example with 1 symbol type 1 DMRS. Consider a UE, denoted as UE A, which has the capability to support only 4 layers PDSCH. Therefore, from channel estimation perspective, the UE can estimate channel for at most 4 DMRS ports. It is assumed that UE A is scheduled with DMRS ports {1000, 1001, 1002, 1003}. If there is no co-scheduled MU UEs with UE A, UE A can estimate channels of DMRS based on its 4 ports channel estimation capability. However, if NW co-schedule a UE B with UE A on any of the DMRS ports {1008, 1009, 1010, 1011}, say 1008. From UE A’s perspective, it would see more than 4 DMRS ports due to SU+MU. However, UE A cannot handle more than 4 DMRS ports. We can assume two cases for UE A. In both cases, UE A’s channel estimation performance degrades. 
· Case 1: UE A is a legacy Rel-15/16/17 UE which is already deployed in the field. It has to run the existing channel estimation algorithm in the UE without any modification, which cannot remove the channel from port 1008 at all. Therefore, port 1008 would interfere with the channel estimation of port 1000 and 1001 and the interference is statistically with the same power level as the signal power, which effectively cap the SNR at 0dB. Legacy UE basically fails in this case.   
· Case 2: UE A is a new Rel-18 UE, while it still can only support up to 4 DMRS ports channel estimation. In this case, UE A can implement a new step to remove the channel from port 1008 by reverting the FD-OCC in frequency domain, before channel estimation for ports {1000, 1001, 1002, 1003}. However, this reverting operation has to be done across the new FD-OCC tone range, which is 8 tones. To make sure the channel of port 1008 can be perfectly removed, the channels have to be flat across the 8 tones FD-OCC range. In practice, due to channel delay spread, this reverting FD-OCC operation cannot fully remove the interference from port 1008. The residual channel from port 1008 would still degrade the channel estimation performance of the serving ports 1000 and 1001 for UE A. The simulation result as shown in Fig 4 confirmed such performance loss due to imperfect FD-OCC reversion in TDL-C channel with delay spread of 300ns.
· For case 2, with double DMRS symbols, if the reverting of OCC is in time domain, the delay spread has no impact. As long as the Doppler is not super large, the reversion of TD-OCC can be nearly perfect. This would allow MU ports even in the same CDM group. For example, {1000,1001,1008,1009} for UE A, with {1004,1005,1012,1013} for UE B can be co-scheduled, as the MU ports can be removed via reverting the TD-OCC in time domain. However {1000,1001,1004,1005} for UE A co-scheduled with {1008,1009,1012,1013} for UE B would still require revert FD-OCC in frequency domain, which would cause performance degradation. 
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[bookmark: _Ref101993719]Fig 4: Example performance degradation due to reverting FD-OCC before channel estimation
To resolve this issue, there are two solutions in general, which are listed below. 
· Solution 1: double UE’s capability of channel estimation to accommodate the channels from co-scheduled MU, i.e., for a UE with 4-layer MIMO capability for SU, force the UE to support up to 8 DMRS ports, due to potential co-scheduled MU. Similarly, for a UE with 8-layer MIMO capability for SU, force the UE to support up to 16 DMRS ports, due to potential co-scheduled MU. 
· Solution 2: apply certain restrictions on MU ports co-scheduling to avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support

Apparently, solution 1 does not make sense. There is no motivation to force UE to double its channel estimation capability just for a potentially co-scheduled MU. Therefore, solution 2 should be adopted in RAN1. Furthermore, one should notice that such restrictions already exist in Rel-15, as in TS 38.214 Section 5.1.6, with related specification text copied below. 
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Subclause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.

With the above analysis, the follow observation and proposal are made.
Observation 1: To avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support, certain restrictions are needed on co-scheduled MU ports. 
[bookmark: _Hlk95315192]Proposal 9: Adopt Option 1 (for both type-1 and type-2 DMRS) to increase number of orthogonal DMRS ports for PDSCH and PUSCH, with restrictions as listed below 
· For single symbol DMRS, if the DMRS ports of a UE are in two or more CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 
UL PTRS related enhancements
UL PTRS needs to be enhanced to support 8 Tx PUSCH. One typical use case that motivates UL PTRS enhancement is the following scenario as illustrated by Fig 5. A UE has 8 PUSCH Tx ports where the 8 ports are distributed on 4 UL panels, where the ports within the same panel are coherent and the ports across different panels are noncoherent. For this partial coherent UE, since each panel would need a separate oscillator to generate Tx waveform, 4 independent phase noise would be added into the 8 Tx PUSCH transmission. Therefore, 4 PTRS ports, each for one panel, are needed for receiver to estimate the phase noise separately for each UL panel. Therefore, in Rel-18, with 8 Tx PUSCH, it is necessary to increase the number of PTRS from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based PUSCH and codebook based PUSCH.
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[bookmark: _Ref111060685]Fig 5: Examples 8 Tx PUSCH transmission requires 4 PTRS ports 
Based on the above reasoning, the following proposal is made.
Proposal 10: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based 8 Tx PUSCH and codebook based 8 Tx PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

With Rel-18 specification supports up to 4 PTRS ports, for a UE with 8 PUSCH Tx ports, UE should send a signaling to indicate how many PTRS ports it requires, based on UE’s hardware architecture. One should notice that, for a set of coherent PUSCH Tx ports, it is assumed that a single PTRS port is enough to cover them. However, for a set of noncoherent PUSCH Tx ports, it is up to UE’s capability whether a single or multiple PTRS ports are needed to support them. Therefore, for 8 partial and noncoherent PUSCH Tx, a UE capability is needed to report to network how many PTRS ports are needed. 
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Fig 6: UE capability signaling of required # PTRS ports 
Proposal 11: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS ports to DMRS ports association enhancements.
Conclusions
In summary, we have the following observations for increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
Observation 1: To avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support, certain restrictions are needed on co-scheduled MU ports.  
We have the following proposals for increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
Proposal 1: Support option 1-1, i.e., adopt the following Walsh/Hadamard matrix for FD-OCC-4 for Rel-18 eType 1/eType 2 DMRS.
· 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 



Proposal 2: For length 2 TD-OCC (across consecutive DMRS symbols, if any) for DMRS of PDSCH/PUSCH for Rel.18 eType 1/2 DMRS, support Opt.1, i.e., the following TD-OCC design.
· Opt.1:
	TD-OCC index
	Wt(0)
	Wt(1)

	0
	+1
	+1

	1
	+1
	-1



Proposal 3: Do not support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC. 
Proposal 4: Support signalling >4 layers PDSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 5: Adopt Table 7.3.1.2.2-1/2/3/4-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PDSCH.
Proposal 6: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 7: Adopt Table 7.3.1.1.2-8/9/10/11/12/13/14/15/16/17/18/19/20/21/22/23-Rel18 and Table 7.3.1.1.2-8A/9A/10A/11A/12A/13A/14A/15A/16A/17A/18A/19A/20A/21A/22A/23A-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PUSCH.
Proposal 8: Adopt Table 7.3.1.1.2-12B/13B/14B/15B/16B/17B/20B/21B/22B/23B-Rel18 to support signalling >4 layers PDSCH with Rel-15 DMRS ports subject to an optional UE capability. 
Proposal 9: Adopt Option 1 (for both type-1 and type-2 DMRS) to increase number of orthogonal DMRS ports for PDSCH and PUSCH, with restrictions as listed below 
· For single symbol DMRS, if the DMRS ports of a UE are in two or more CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 

Proposal 10: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based 8 Tx PUSCH and codebook based 8 Tx PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

Proposal 11: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS ports to DMRS ports association enhancements.
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References
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