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1. Introduction
In the RAN (Plenary) Meeting #94e, a new Work Item (WI) [1] was approved targeting MIMO evolution for Downlink (DL) and Uplink (UL). The 3rd objective of the DMRS enhancments include:
“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”
The Demodulation Reference Signal (DMRS) is crucial for receiver operations where it enables the receiver to aquire accurate channel state inforation so that it can eliminate the channel’s distortion effect on transmitted symbols (i.e., channel equalization) prior to symbol demodulation.
The current maximum numbers of orthognoal DMRS ports are 4, 6, 8 and 12, which can be obtained using Type 1 and Type 2 DMRS with single and double OFDM symbols, repsectively. These values also dictate the maximum number of simultaneous transmission of data streams since data is always accompanied by DMRS for coherent reception. From this short description, it becomes clear that the current DMRS design limits the number of MU-MIMO data streams to .
In this technical document, we share our study results and views based on the agreements from the RAN1#111 meeting [2] and the RAN1#110bis-e meeting [3].







	
2. Coexistence with Legacy DMRS Patterns 

2.1 MU-MIMO between R15 and R18 ports

Support of Rel 15 (FD-OCC length 2) and Rel 18 (FD-OCC length 4) DMRS ports sharing the CDM group, can lead some practical issues depending on the legacy R15 UE implementation, specifically for DMRS processing.  This is mainly due to fact that the legacy UEs need to only consider FD-OCC length 2, which is more robust to long delay spread channel, hence, their performnace may be impacted when they faced with FD-OCC length 4. Moreover, if we have to cover multiple UEs under single CDM group with R15 and R18 DMRS ports, it would be hard to maintain orthogonalilty. The orthogonality could be easily broken across the ports of different UEs as UEs could have different calibration coefficients and even other channel conditions like propogation delays could be different for each UE. After all ignoring the channel effects, we can only ensure a maximum of single layer transmission for Legacy R-15 UE when co-scheduled with R-18 UE within single CDM. To multiplex R-15 and R-18 UEs within a single CDM, both the code-covers of OCC length 2 and OCC length 4 has to be orthogonal each other. Thus, ensuring the orthogonality between R-15 UE with OCC 2 and first half and second half of R-18 DMRS OCC 4, only single layer can be allocated to the Legacy UE (as shown in below figure). Whereas on the other hand, by efficient scheduling of UEs across the CDM groups, can provide more benefits by supporting all four ports within CDM group as against 3 ports in co-scheduling case. By considering all these scenarios, we prefer not to support MU-MIMO operation within single CDM group between R15 and R18 DMRS ports. 

Proposal 1: To deprioritize the support of Rel 15 (FD-OCC length 2) and Rel 18 (FD-OCC length 4) DMRS ports sharing the CDM group.

Fig.1. Only single layer transmission support for R-15 UE when co-scheduled with R18 UE in 1 CDM group
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The cover code for each port in R18 DMRS is extended from the legacy ports and is presented in Table I, below. From this Table, we see that if R18 UE is associated with ports (8,9), then the legacy UE is left with only one layer transmission. On the other hand, SU-MIMO operation within CDM group can allow to use all four ports of the CDM group. 



Table I: DMRS ports and the code-cover association of eTypeI
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2.2 Dynamic switching Indication of R15 and R18 ports

If switching between R15 and R18 DMRS ports are required then this switching needs to be signaled by gNB to the UE. One example where this signaling is carried out is in the cases when there is change in MU-MIMO pairing operation. For example in cases where number of UEs multiplexed drops, gNB will try to signal UE to fall back to R15 ports to preserve a better demod performance. However, the UE implementation complexity increases with frequent switching in the OCC lengths. We do not see the strong motivation of having so dynamic switching using DCI. We prefer to switch between R15 and R18 DMRS ports using RRC signaling which can have more practical relevance. Further the DCI based switching doesn't give the reliability that RRC based signaling can offer. As in case of DCI detection is not guaranteed unlike the RRC signaling, we prefer to carry out the switching of R15 and R18 ports using RRC. Moreover, RRC signaling can be enabled even for low latency requirements in the current specifications.  

Proposal 2: Switching between R15 and R18 ports to be carried out based through RRC signaling. 



3. Antenna Port field for PDSCH
During RAN1-111, the discussions on the antenna port signalling for PDSCH  was initiated and some combinations where agreed for single symbol DMRS port mapping. We propose to follow the same principles for extending the legacy Tables to support the doubled DMRS ports. We extend our support for all the existing rows present in the agreement made and prefer to include [9, 11] in the Table as it can provide MU pairing flexibility. By including [9, 11] port combination, we can allow gNB to pair R18 UEs with more flexible number of layers and there is no additional increase in DCI overhead.
Limit the possible combinations fox maxLength=2 and Type II DMRS. There are lot of possible rows with maxLength=2 as the supported ports are doubled. Hence, to restrict the DCI overhead, some of the redundant rows can be omitted. In the Tables II and III below, we present the Antenna ports for maxLength =1 and 2 for Type I by prioritizing the CDM indexing and followed by TD-OCC. 

[bookmark: _Hlk127440988]Proposal 3: Include port combination [9, 11] in the extended Table for eType I with maxLength = 1. 

Proposal 4: Limit some of the entries by prioritizing CDM indexed ports to restrict the control overhead. 


Table II: Antenna ports for PDSCH eTypeI, 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]
	
	
	
	
	

	24
	[2]
	[9, 11]
	
	
	
	
	

	25
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	26
	[1]
	[0,1,8,9]
	
	
	
	
	

	27
	2
	0,1,8
	
	
	
	
	

	28
	2
	0,1,8,9
	
	
	
	
	

	29
	2
	2,3,10
	
	
	
	
	

	30
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




Table III: Antenna ports for PDSCH eTypeI, 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
	

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

Notes

	0
	1
	0
	1
	Cat. 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
	Cat. 2
	
	
	
	
	

	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
	Cat.3
	
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	
	
	

	64
	1
	0,1,8,
	2
	
	
	
	
	
	

	65
	1
	0,1,8,9
	2
	
	
	
	
	
	



4. PTRS enhancements
PTRS enhancements are needed in UL as we tend to support 8Tx in Rel-18 UL. We are discussing the CB design for Ng = 2 and 4, where Ng is the number of coherent groups.  As there are four non coherent groups, each group can be associated with a panel in a use case. Therefore, 4 PTRS ports are needed where each PTRS port is associated with each panel (or coherent group).
Proposal 5: Support up to 4 port PTRS for UL 8Tx Operation. 



5. Conclusion
Based on above discussion, we provide the following proposals related to DMRS enhancement:
Proposal 1: To deprioritize the support of Rel 15 (FD-OCC length 2) and Rel 18 (FD-OCC length 4) DMRS ports sharing the CDM group.
Proposal 2: Switching between R15 and R18 ports to be carried out based on RRC signaling. 
Proposal 3: Include port combination [9, 11] in the extended Table for eType I with maxLength = 1. 
Proposal 4: Limit some of the entries by prioritizing CDM indexed ports to restrict the control overhead. 
Proposal 5: Support up to 4 port PTRS for UL 8Tx Operation. 
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