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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 document, we discuss various alternatives to increaseing the DMRS system capacity (i.e., the maximum number of orthogonal DMRS ports), without increasing the DMRS overhead, following the aformentioned WID objective. We also put a special emphasis on seamless coexistence of newly proposed DMRS patterns with the legacy design. 
In the RAN1#109e meeting, the EVM and the detailed work scope were agreed. In this technical document, we share our study results and views.


2. Higher DMRS Capacity
Increasing the number of orthogonal DMRS ports without increasing its overhead imposes limitations on how this capacity expansion can be achieved. We generalize the legacy Type-I and Type-II DMRS patterns and propose the following alternatives, namely:

· Sparser RE allocation based
a) [bookmark: _Hlk109636443]Frequency Division Multiplexing (FDM)
1. Type-I
2. Type-II
b) Time Division Multiplexing (TDM)
1. Type-I
2. Type-II
· Orthogonal Cover Code Based
c) Frequency Domain Orthonogal Cover Code (FD-OCC)
1. Type-I
2. Type-II
d) Time Domain Orthogonal Cover Code (TD-OCC)
1. Type-I
2. Type-II
The idea of FDM and TDM is to reduce the numer of REs allocated for a single port in order to mutiplex  additional DMRS ports, while CDM based DMRS capacity enhancement relies on increasing the size of CDM groups while keeping the number of REs allocated for each DMRS port unchanged. The current maximum value of CDM multiplexing capability per group is 2 and 4 for single and double symbol DMRS, respectively. To double the number of orthogonal DMRS ports, CDM based increase require increasing the CDM group size to 4 and 8 for single and double symbol DMRS, respectively. This can be achieved in either the Frequency Domain (FD) using a longer FD-OCC code, or in the Time Domain (TD) using a longer TD-OCC code.
Next, we will discuss those alternatives in detail.
a) FDM Frequency Division Multiplexing (FDM)
1. Type-I FDM
In an FDM approach, the DMRS patterns, for all ports, occupy fewer Resource Elements (RE) in the frequency domain. Recall that the objective in this WID is to double the number of DMRS ports. This can be achieved by splitting the frequency resources of every legacy DMRS port, for each type, across two new DMRS ports. An example is shown in Table I and Table II below. In Table I, the legacy DMRS Type 1 with single OFDM symbol is shown, where, for each port, each two consecutive REs belong to one RE group and are used for CDM multiplxing with another DMRS port. To expand this legacy Type 1 DMRS using FDM, we split the REs mapped to each port among two new ports. Each one of the new DMRS ports occupy just half the number of REs comapred to the legacy one, all while keeping the CDM multiplexing capability of both the new and legacy designs identical. The new pattern is called Type-I FDM and is shown in Table II.


	TABLE I: Legacy Type-I DMRS with Single-Symbol 

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3

	SC/OFDM
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1

	11
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	10
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	9
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 

	8
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 

	7
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	6
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 

	4
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	2
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	1
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
















	TABLE II: Type-1 FDM DMRS with Single-Symbol

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	 
	#4
	 
	#5
	 
	#6
	 
	#7

	SC/OFDM
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1

	23
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	22
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	21
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 

	20
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 

	19
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	18
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	17
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	16
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	15
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	14
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	13
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
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	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 

	11
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	10
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	9
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 

	6
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 

	4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 









2. Type-II FDM
	TABLE III: Legacy Type-II DMRS with Single Symbol

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	
	#4
	
	#5

	SC/OFDM
	0
	1
	 
	0
	1
	 
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1

	11
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	1
	
	
	-1
	

	10
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	1
	
	
	1
	

	9
	 
	 
	 
	 
	 
	 
	 1
	 
	 
	-1
	 
	
	
	
	
	
	

	8
	
	 
	 
	
	 
	 
	 1
	 
	 
	1
	 
	
	
	
	
	
	

	7
	 1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	6
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	 1
	
	
	-1
	

	4
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	1
	
	
	1
	

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	

	2
	
	 
	 
	
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	

	1
	 1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	


In the legacy type-II DMRS pattern, six DMRS ports (for single-symbol DMRS) are categorized into three CDM groups. Ports in different CDM groups share different REs, while OCC codes are used to distinguish ports within the same CDM group. Different from the legacy Type-I DMRS pattern, each CDM group contains every three RE groups, a block of two consecutive REs, with a group-specific initial RE group location as shown in Table-III. 
 






	TABLE IV: Type-II FDM DMRS with Single Symbol

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	
	#4
	
	#5

	SC/OFDM
	0
	1
	 
	0
	1
	 
	0
	0
	
	0
	1
	
	0
	1
	
	0
	1

	11
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	10
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	9
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	8
	
	 
	 
	
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	7
	
	 
	 
	
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	6
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	 1
	
	
	-1
	

	4
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	1
	
	
	1
	

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	

	2
	
	 
	 
	
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	

	1
	 1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	Port
	#6
	
	#7
	
	#8
	
	#9
	
	#10
	
	#11

	SC/OFDM
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1

	11
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	1
	
	
	-1
	

	10
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	1
	
	
	1
	

	9
	 
	 
	 
	 
	 
	 
	 1
	 
	 
	-1
	 
	
	
	
	
	
	

	8
	
	 
	 
	
	 
	 
	 1
	 
	 
	1
	 
	
	
	
	
	
	

	7
	 1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	6
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	4
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	3
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	2
	
	 
	 
	
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	1
	
	 
	 
	
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	0
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	






























To increase the number of DMRS ports, the second RE group of each CDM group in the Type-II FDM pattern is distributed to a new CDM group containing two extra ports, and hence, the Type-II FDM pattern has a total number of six CDM groups and twelve ports as shown in Table-IV. 


Coexistence with Legacy Design:
Increasing the DMRS system capacity via FDM results in ports that can seamlessly coexist with the legacy counterpart. For example, notice that the same REs and CDM code of port #0 of the legacy in Table I are split across port#0 and port#8 of the new FDMed Type 1 in Table II. This means that if legacy port #0 is configured, then both new ports #0 and #8 cannot be configured since they introduce interference to the legacy port #0. However, all other ports of the new FDMed Type 1 (besides #0 and #8) are orthogonal to the legacy port #0, and can be configured for simultaneous use.


Pattern Repeatability:
Notice that in Table II, we list the DMRS pattern for two consecutive Resource Blocks (RB), unlike the case in Table I. The reason lies in the nature of the Type 1 DMRS RE mapping in the frequency domain. Specifically, the DMRS pattern of Type 1 occupies 6 REs in groups of 2 each (for CDM multiplexing). Since it is desirbale to keep the REs beloning to the same group as close possible to avoid interference to the other CDMed port, we treat the REs as groups. In Type 1, 3 groups per RB exist, which does not make for a repeatable pattern across all RBs. However, if we treat the DMRS RE mapping in RB bundles of size 2 (i.e., pairs of RB), then it is possible to repeat the pattern produces by 6 RE groups every 2 RBs. This particular RB bundling issue is going to show up for any DMRS capacity enhancement that is based on Type 1. This is not the case, however, with FDM based extension of Type 2 DMRS since in Type 2 each legacy DMRS port contains just 2 RE groups. Hence, dividing the 2 available RE groups among two new Type 2 FDMed ports still gives a repeatable DMRS pattern every RB.

Observation 1: Increasing the number of orthogonal DMRS ports via FDM, based on the legacy Type 1, results in RE patterns that are repeatable every two RBs as opposed to legacy design where ther patterns are repeated every RB. Specifically, all even or all odd RBs have the same RE pattern, however, RE mapping of even and odd RBs for the same DMRS port is different.

b) TDM Time Division Multiplexing (TDM)
1. Type-I TDM
It is allowed to configure additional OFDM symbols for DMRS in the legacy pattern. These additional symbols are meant for more accurate channel estimation in the severely time-selective scenario. In constrast, when the channel varies slowly with time, these additional symbols can be used to double the number of DMRS ports by using the TDM. The extension of the legacy type-I DMRS pattern to the Type-I TDM is straightforward and is shown in Table V, where without loss of generality we assume that the location of the first OFDM symbol for DMRS is 0 and the location of the additional symbol is x. 

	TABLE V: Type-I TDM DMRS with Single-Symbol

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	
	#4
	
	#5
	
	#6
	
	#7

	SC/OFDM
	0
	x
	 
	0
	x
	 
	0
	x
	 
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x

	11
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	
	
	
	1
	
	
	-1

	10
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	-1
	
	
	
	
	
	

	9
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	
	
	
	1
	
	
	1

	8
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	1
	
	
	
	
	
	

	7
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	
	
	
	1
	
	
	-1

	6
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	-1
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	
	
	
	1
	
	
	

	4
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	1
	
	
	
	
	
	

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	
	
	
	1
	
	
	-1

	2
	1
	 
	 
	-1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	-1
	
	
	
	
	
	

	1
	 
	 
	 
	 
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	
	
	
	1
	
	
	1

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	1
	
	
	
	
	
	



2. Type-II TDM
	TABLE VI: Type-II FDM DMRS with Single Symbol

	Single Symbol

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	
	#4
	
	#5

	SC/OFDM
	0
	x
	 
	0
	x
	 
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x

	11
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	 1
	
	
	-1
	

	10
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	 1
	
	
	 1
	

	9
	 
	 
	 
	 
	 
	 
	 1
	 
	 
	-1
	 
	
	
	
	
	
	

	8
	
	 
	 
	
	 
	 
	 1
	 
	 
	 1
	 
	
	
	
	
	
	

	7
	 1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	6
	 1
	 
	 
	 1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	 1
	
	
	-1
	

	4
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	1
	
	
	1
	

	3
	 
	 
	 
	 
	 
	 
	1
	 
	 
	-1
	 
	
	
	
	
	
	

	2
	
	 
	 
	
	 
	 
	1
	 
	 
	1
	 
	
	
	
	
	
	

	1
	1
	 
	 
	-1
	 
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	0
	1
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	Port
	#6
	
	#7
	
	#8
	
	#9
	
	#10
	
	#11

	SC/OFDM
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x
	
	0
	x

	11
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	1
	
	
	-1

	10
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	 1

	9
	 
	 
	 
	 
	 
	 
	
	 1
	 
	
	 -1
	
	
	
	
	
	

	8
	
	 
	 
	
	 
	 
	 
	 1
	 
	
	  1
	
	
	
	
	
	

	7
	
	 1
	 
	
	-1
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	6
	
	 1
	 
	
	 1
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	

	5
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	
	
	1
	
	
	-1

	4
	
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	
	
	1
	
	
	 1

	3
	 
	 
	 
	 
	 
	 
	
	 1
	 
	
	- 1
	
	
	
	
	
	

	2
	
	 
	 
	
	 
	 
	
	 1
	 
	
	  1
	
	
	
	
	
	

	1
	
	 1
	 
	
	-1
	 
	
	 
	 
	
	 
	
	
	
	
	
	

	0
	
	1 
	 
	
	 1 
	 
	 
	 
	 
	 
	 
	
	
	
	
	
	






Observation 2: TDM based enhancement relies on additional DMRS symbols being configured. This is necessary even in situations where low doppler exists, and additional DMRS symbols are not necessary. This goes against the WID objective of “without increasing the DMRS overhead”.
Observation 3: TDM may result in situations where some OFDM symbols may have zero power. This happends when all DMRS ports that occupy a certain OFDM symbol are configured for other UEs. As a result, the peak to average power ration will be too large, which is not acceptable.
Proposal 1: TDM should not be considered for DMRS enhancement to double the number of orthogonal DMRS ports.

c) Frequency Domain Orthonogal Cover Code (FD-OCC)
1. Type-I FD-OCC:
Recall that an RE group for legacy Type-I DMRS types has the size of 2 REs in the frequency domain. FD-OCC requires an increase of this number up to 4 to support more ports. Therefore, the RE group in Type-I FD-OCC is a combination of two consecutive RE groups of the size 2,  making it possible to use a length 4 OCC in the frequency domain. However, a single RB with twelve REs is not enough for allocating two RE groups with the size 4 to both CDM groups (ports sharing the same time-frequency resource). Therefore, Type-I FD-OCC can only be configured when the number of RB is an even number, and the DMRS pattern is definfed across two RB. An illustration is depicted in Table VII.  
	TABLE VII: Type 1 FD-OCC

	Port
	#0
	 
	#1
	 
	#2
	 
	#3
	 
	#4
	 
	#5
	 
	#6
	 
	#7

	SC/Sym
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1

	23
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	 

	22
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	21
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	-1
	
	 
	1
	 

	20
	1
	
	 
	-1
	
	 
	-1
	
	 
	1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	19
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	 

	18
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	17
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	1
	
	 
	1
	
	 
	1
	 

	16
	1
	
	 
	1
	
	 
	1
	
	 
	1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	15
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	 

	14
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	13
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	-1
	
	 
	1
	 

	12
	1
	
	 
	-1
	
	 
	-1
	
	 
	1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	 

	10
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	1
	
	 
	1
	
	 
	1
	 

	8
	1
	
	 
	1
	
	 
	1
	
	 
	1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	 

	6
	1
	
	 
	-1
	
	 
	-1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	1
	
	 
	-1
	
	 
	1
	 

	4
	1
	
	 
	1
	
	 
	-1
	
	 
	1
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	 

	2
	1
	
	 
	-1
	
	 
	1
	
	 
	-1
	
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	

	1
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	1
	
	 
	1
	
	 
	1
	
	 
	1
	 

	0
	1
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Proposal 2: Study the implications of splitting RE groups across 2 RBs.

2. Type-II FD-OCC
Similarly, we can also merge two RE groups in the legacy Type-II DMRS to form a new RE group in Type-II FD-OCC. An example DMRS pattern based on this method is shown in Table VIII, which has double DMRS and uses RE mapping of Type 2 as a base pattern. In this case, we have three CDM groups, each with size 8.


	TABLE VIII: Type-II FD-OCC

	Port
	#0
	 
	#12
	 
	#1
	 
	#13
	 
	#2
	 
	#14
	 
	#3
	 
	#15

	SC/Sym
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
	1
	 
	0
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	-1
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	1
	1
	
	1
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	6
	1
	1
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	1
	1
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	#4
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	#5
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	#6
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	#7
	
	#19

	SC/Sym
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1
	
	0
	1

	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	1
	1
	
	1
	-1
	
	-1
	-1
	
	-1
	1
	
	-1
	-1
	
	-1
	1
	
	1
	1
	
	1
	-1

	8
	1
	1
	
	1
	-1
	
	1
	1
	
	1
	-1
	
	-1
	-1
	
	-1
	1
	
	-1
	-1
	
	-1
	1

	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	1
	1
	
	1
	-1
	
	-1
	-1
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d) Time Domain Orthonogal Cover Code (TD-OCC)
Using additional DMRS symbols (instances), we can also increase the size of each CDM group in the time dimension. This method, however, is only valid if an even number of DMRS instances/symbols is available. An example is shown in Table X where a Type 1 double-symbol DMRS is used, with a shared channel duration of 14 symbols, one additional DMRS symbol, and no intra-slot frequency hopping. In this example the first double-symbol DMRS instance occurs in OFDM symbol #2, while the additional one is in symbol #10. An OCC code that spans all 4 OFDM symbols can increase the multiplexing capability of each CDM group from 4 to 8 (and similarly for single-symbol DMRS from 2 to 4). 

 Just like the FD-OCC is succeptability to bad performance under large delay spread, TD-OCC is also succeptible to bad performance under large doppler spread.
 
	TABLE IX: Type 1 TD-CDMed DMRS

	Single Symbol

	port #0

	 
	One OFDM Symbol

	sc idx
	0
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Observation 4: TD-OCC based DMRS enhancement relies on additional DMRS symbols beeing configuired, even in low doppler scenarios where additional DMRS symbols are not necessary. This goes against the WID objective of “without increasing the DMRS overhead”

Observation 5: In high doppler scenarios, TD-OCC will suffer from high interference due to the lartge variation in the channel gain within resources sharing the same cover code.

Proposal 3: TD-OCC should not be considered for DMRS enhancement to double the number of orthogonal DMRS ports.

3. Evaluation Results
In Section 4, below we summarize our Evaluation Methodology assumptions. We descibe them in detail in this section and show the performance results. 
· MU-MIMO setting:
We consider a scenario where 4 UEs are served by the same gNB. All UEs are operating with fixed rank = 2, and fixed MCS. All configured ports (a totoal of 8) occupy the same CDM group for FD-OCC, whether a Type 1 or Type 2 based DMRS is used, while for FDM, the 8 ports occupy 2 CDM groups that span the same REs of the single FD-OCC CDM group. The MCS values are selected from Table 5.1.3.1-2 in TS38.214. The selected values are:
· MCS 2
· MCS 8
· MCS 15
All UEs are spatially multiplxed. We monitor the performance of only one UE, the Target UE. All other 3 UEs are merely used to create interefrence. To simulate different channel conditions for all UEs, we use the same underlying CDL channel model, however, we add fixed angular offsets the Angles of Arrival (AoA) and Angles if Depature (AoD) in both the elevation and azimuth angles. This setup follows Alt. 1 in the RAN1 109e agreement on MU-MIMO LLS evaluation methodology.
In addition, the gNB applies a power scaling to different UEs. For simplicity, we assume that the target UE is always transmitted with the highest power, and the interefrence UEs are equally scalled down by the same power offset. This is because different SVD-based precoders alone is not enough to sufficciently reduce the interence power. The power offsets we apply to interefrence UEs are:
·   0 dB
· - 9 dB
· -18 dB

· Channel Models:
We consider CDL channels of types CDL-A, CDL-B and CDL-C with delay spreads of 30 and 300 ns and UE speeds of 3 and 30 Km/Hr.

· DMRS Configuration
We consider double-symbol DMRS without additional symbols. The evaluated alternatives for increasing the number of orthogonal DMRS ports are:
1- Longer FD-OCC based enhancement, where each pair of adjacent RE groups in the freuqncy domain consitiute a larger RE group (i.e., covered by a longer OCC code).
2- FDM based enhancement, where RE groups are multiplexed across different ports.


· Results
The KPIs we show are BLER and the channel estimation’s Normalized Mean Squred Error (NMSE). In both cases, we plot the KPI vs. SNR where SNR does not account for the interference noise.

Our results indicate a slight advantage for FD-OCC over FDM in terms of BLER. This can be seen from results based on CDL-A channel model.
	
	Delay spread = 30 ns
	Delay Spread = 300 ns

	MCS2
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	MCS 8
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We also analyzied the performance in terms of NMSE. This is depicted in the Table below:
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Nonetheless, FDM can still show a slightly better performance in terms of channel estimation when the interference power is high. While this is not clear in CDL-A, it is more obvious in CDL-B and CDL-C channels models as seen below.
	
	Interference power offset = 0 dB
	Interference power offset = -9 dB

	CDL-B
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	CDL-C
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	Interference power offset = 0 dB

	CDL-B
MCS = 2
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	CDL-C
MCS = 2
	[image: ]



The above figures show a slight advantage for FD-OCC in terms of BLER for MCS 2 and 8. For MCS 15, the interefrence power is too high and it will not be selected in this case, thus we skip it.
For completeness, we also show that for MCS = 15 and CDL-C, both FD-OCC and FDM exibit almost identical performance.
[image: Chart, line chart

Description automatically generated]
All the above results were for Type 1 based enhancements. For Type 2 based enhancement, similar performance trends are also obtained. In very few scenarios, we obtained more interesting results that showed clear benefits for FD-OCC over FDM in terms of BLER. One such scenario is shown below.
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· Conclusions:
FD-OCC shows clear performance benefits by inspecting NMSE of channel estimates. We expect this to translate to BLER, as well. However, at fixed MCS, showing clear gain for FD-OCC over FDM requires careful selection for MCS. Specifically, since the difference in NMSE is in the order of , for a particular interference and noise power, we need to choose an MCS high enough that FD-OCC can benefit from this slight channel estimation gain. As a result, in most of the simulations we ran, BLER for FD-OCC and FDM were very similar, with a slight advantage for FD-OCC.
Observation 6: FD-OCC has a clear better NMSE performance, and a better BLER performance, compared to FDM based DMRS enhancement.
Observation 7: In edge cases, FDM can show better performance at very high interefrence power. 
Proposal 4: We support longer FD-OCC based DMRS enhancement to double the number of orthogonal DMRS ports. This is achived by:
· Merging concecutive pairs of RE groups in the frequency dimension of legacy DMRS to form larger CDM groups via longer FD-OCC.
· Keeping the same DMRS RE mapping identical to legacy R15 DMRS.

4. EVM
Our evaluation assumptions are summarized in Table X for DL MU-MIMO.
Table X: Simulation assumptions for DL MU-MIMO
	Parameter
	Value

	Duplex, Waveform 
	TDD, OFDM 

	Carrier Frequency 
	4 GHz

	Channel Model
	CDL-A, CDL-B, CDL-C

	Delay Spread
	30 ns, 300 ns

	UE velocity
	3 Km/Hr, 30 Km/Hr

	Allocation bandwidth 
	20MHz 

	MIMO Scheme
	MU-MIMO

	BS antenna configuration 
	32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	UE antenna configuration 
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	MIMO Rank 
	2 per UE

	UE number for MU-MIMO 
	4 (1 Target UE + 3 Interference UEs)

	Precoding
	For target UE: SVD based Wideband precoding
For interference UEs: Alt.1 for MU-MIMO LLS evaluation is followed, where channels of interference UEs are independently generated with their corresponding precoder optimized for their specific channels.

	DMRS Types
	Types 1E and 2E. Evaluated DMRS enhancement options are:
1- FD-OCC
2- FDM

	DMRS Configuration
	Double Symbol DMRS without additional symbols.

	MCS
	MCS 2: QPSK + code rate (308/1024)
MCS 8: 16QAM + code rate (553/1024)
MCS 15: 64QAM + code rate (666/1024)

	Numerology
	Slot/non-slot 
	14 OFDM symbols per slot

	
	SCS 
	30 kHz 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 

	Link adaptation 
	Fixed modulation, coding, and rank for BLER evaluation as baseline.  

	HARQ 
	Off 

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR and delay spread 

	Receiver type 
	MMSE

	EVM 
	No radio impairments  




5. Conclusion
Observation 1: Increasing the number of orthogonal DMRS ports via FDM, based on the legacy Type 1, results in RE patterns that are repeatable every two RBs. Specifically, all even or all odd RBs have the same RE pattern, however, RE mapping of even and odd RBs for the same DMRS port is different.
Observation 2: TDM based enhancement relies on additional DMRS symbols being configured. This is necessary even in situations where low doppler exists, and additional DMRS symbols are not necessary. This goes against the WID objective of “without increasing the DMRS overhead”.
Observation 3: TDM may result in situations where some OFDM symbols may have zero power. This happends when all DMRS ports that occupy a certain OFDM symbol are configured for other UEs. As a result, the peak to average power ration will be too large, which is not acceptable.
Observation 4: TD-OCC based DMRS enhancement relies on additional DMRS symbols beeing configuired, even in low doppler scenarios where additional DMRS symbols are not necessary. This goes against the WID objective of “without increasing the DMRS overhead”
Observation 5: In high doppler scenarios, TD-OCC will suffer from high interference due to the lartge variation in the channel gain within resources sharing the same cover code.
Observation 6: FD-OCC has a clear better NMSE performance, and a better BLER performance, compared to FDM based DMRS enhancement.
Observation 7: In edge cases, FDM can show better performance at very high interefrence power. 

Proposal 1: TDM should not be considered for DMRS enhancement to double the number of orthogonal DMRS ports.
Proposal 2: Study the implications of splitting RE groups across 2 RBs.
Proposal 3: TD-OCC should not be considered for DMRS enhancement to double the number of orthogonal DMRS ports.
Proposal 4: We support longer FD-OCC based DMRS enhancement to double the number of orthogonal DMRS ports. This is achived by:
· Merging concecutive pairs of RE groups in the frequency dimension of legacy DMRS to form larger CDM groups via longer FD-OCC.
· Keeping the same DMRS RE mapping identical to legacy R15 DMRS.
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