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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 .
During RAN1#110 meeting, FD-OCC method was agreed to be the working assumption for increasing the number of DMRS ports without increasing overhead. In this document we discuss various OCC which can accommodate approach. Furthermore, we dicuss various coexistance of the new DMRS patterens with the legacy design.


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.
During RAN1#110 meeting, FD-OCC method was agreed to be the working assumption for increasing the number of DMRS. Hence, in the remiander of this document we will focus our attention on increasing DMRS ports through FD-OCC method.

2.1 Orthogonal cover code design for FD-OCC
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

It is agreed to support length 4 codecover in FD-OCC for both DMRS type I and type II. As it was observed based on the performance versus implementation tradeoff with FD-OCC, it is the only option agreed in the last meeting to increase the orthogonal DMRS ports. We further prefer to deprioritize any other OCC lengths as the higher lengths affect the performance in higher delay spread channels. It is therefore discussed on the kind of matrices used to realize length 4 OCC. Companies have provided different approaches, among them, Walsh matrix and cyclic shift matrix has garnered larger support. Now in this meeting, we try to down select the length 4 sequences to be used in FD-OCC.

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 




The two matrices that are being explored are Walsh matrix which is a direction extention of the R15 DMRS and the other one is cyclic shift matrix as mentioned in the above agreement. In R15, it was Walsh matrix of 2x2 size used for OCC length of 2 and it would be direct extension to use 4x4 Walsh matrix for FD-OCC of length 4. It was studied by the companies that both Walsh and cyclic shift matrices offer same performance. However from the implementation point of view, it is easier to handle Walsh matrices as it contain real numbers and it is just a sign flip as all coefficients have constant amplitude.
Proposal 1: Support only FD-OCC length 4 for DMRS type I and type II.
Proposal 2: Down select Opt. 1-1 (Walsh matrix) for length 4 FD-OCC.  
	
3. Coexistence with Legacy DMRS Patterns 

3.1 MU-MIMO between R15 and R18 ports

By multiplexing among different CDM groups, there will not issue to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.  However we see some practical issues with MU-MIMO operation within a single CDM group. 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. In such scenarios, handling different UE capabilities under single would lead to performance loss. So we prefer not to support MU-MIMO operation within single CDM group between R15 and R18 DMRS ports. 

Proposal 2: To deprioritize the support for MU-MIMO between Rel 15 and Rel 18 DMRS ports within a CDM group


3.2 Dynamic switching Indication of R15 and R18 ports

The switching between R15 and R18 DMRS ports must be signaled by gNB to the UE. The signaling is carried out in the cases when gNB cannot orthogonalize the ports of the UE due to MU-MIMO operation or any other scenarios. In such scenarios, gNB will try to signal to UE to fall back to R15 ports. 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 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.  

In the last meeting, there was discussion on whether/how to convey the MU information in DCI rather than informing the UE with OCC length. We observe that conveying MU information over DCI is still as dynamic as the switching OCC using DCI information as the MU pairing can still happen on the order of slot-by-slot basis. This will further result in the DCI based switching between OCC lengths which will further increase the UE complexity. So, we try to deprioritize the study on the DCI field inclusion for MU information of Co-scheduled UE.

Proposal 4: For increased DMRS ports for enhanced FD-OCC, support RRC based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC.

Proposal 5: To deprioritize dynamic DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC.

Proposal 6: To deprioritize the study on introduction of DCI field to indicate the information related co-scheduled MU.






4. Conclusion
Based on above discussion, we provide the following proposals related to DMRS enhancement:
Observation 1: Length 6 is not preferable for DMRS Type 2 as the design does not align with existing DMRS pattern and further the performance degardation is high as each CDM group spread across 14REs. 
Proposal 1: Support only FD-OCC length 4 for both DMRS type I and type II.
Proposal 2: Down select Opt. 1-1 (Walsh matrix) for length 4 FD-OCC. 
Proposal 3: To deprioritize the support for MU-MIMO between Rel 15 and Rel 18 DMRS ports within a CDM group

Proposal 4: For increased DMRS ports for enhanced FD-OCC, support RRC based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC.

Proposal 5: To deprioritize dynamic DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC.

Proposal 6: To deprioritize the study on introduction of DCI field to indicate the information related co-scheduled MU.


5. References
[1]  [bookmark: _Hlk101114088]3GPP RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator), TSG RAN Meeting #94e, Electronic Meeting, Dec. 6 - 17, 2021

