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1. Introduction

As reference signal for NR, DMRS design related issues were discussed and following agreements are captured at the RAN1 NR Ad-hoc#2 meeting [1].

Agreements at the RAN1 NR Ad-hoc#2 meeting:
- Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported.
- The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

▫ A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

▪ Configuration type 1:

∙ One symbol:

∙ Comb 2 + 2 CS, up to 4 ports

∙ Two symbols:

∙ Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

∙ Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

▪ Configuration type 2:

∙ One symbol:

∙ 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

∙ Two symbols:

∙ 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

∙ Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

▪ From UE perspective, frequency domain CDMed DMRS ports are QCLed.

▪ FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

▪ Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
- For DFT-S-OFDM based PUSCH DMRS

▫
DMRS are mapped to resource elements using a comb structure (IFDMA). 

▪ DMRS and associated PUSCH are multiplexed in time domain

▪ At least the following (repetition factor, CS) combinations is supported

∙ (2, 2)

▫ Front load DMRS is allocated to 1 or 2 OFDM symbols

▪ When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.

▪ FFS the detailed applicability of 1 vs. 2 OFDM symbols

▪ FFS the location of the DMRS symbol(s)
- For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:

▫
Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:

▪ Alt 1: Configuration 1 (FFS 1 or 2 symbols) 

▪ Alt 2: Configuration 2 with 2 symbols

▫
Support additional DM-RS. To down-select from:

▪ Alt 1: Additional DMRS is always present 

▪ Alt 2: Additional DMRS is configurable

▪ FFS the number of additional DMRS symbol(s)
- Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

- Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)
- Study further how to handle DM-RS and SS block collision (if any)

▫
E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.
- The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N

▫
N is 4 for Configuration 1 and 6 for Configuration 2.

▫
FFS the details to determine 1 or 2 symbols
In this contribution, we will discuss remaining details on DMRS configuration for NR based on above agreements, and provide our views.

2. DMRS configuration for NR
DMRS sequence generation
As agreed at the RAN1 NR Ad-hoc#2 meeting, both in DL and UL DMRS for CP-OFDM, only PN sequence is supported. In LTE/LTE-A, Gold sequence with LFSR size 31 is used for the PN sequence as following examples for initialisation value.

- PN sequence used for LTE/LTE-A PDSCH DMRS

▫ total  29 bits initialisation value: subframe(4 bits), PCID(9 bits), RNTI or SCID(16 bits)

- PN sequence used for LTE/LTE-A PDSCH scrambling

▫ total  30 bits initialisation value: subframe(4 bits), PCID(9 bits), RNTI(16 bits), codeword(1 bit)

From the Gold sequence with LFSR size 31 used for LTE/LTE-A PN sequence, maximum total 31 bits initialisation value is possible. In NR, total number of slots within a radio frame is increased as 8 bits(for 240Khz SCS) or 9 bits(for 480Khz SCS), and PCID is also increased as 10 bits. Therefore, the number of bits for initialisation value of cinit is likely larger than 31 bits which is LFSR of Gold sequence in LTE.
Even thought RNTI or SCID is not used for initialisation value of PN sequence for NR DMRS, the initialisation value of cinit could be larger than 31 bits if common PN sequence generation scheme is applied for all of NR physical signal and physical channel like LTE (e.g. the initialisation value of cinit should be larger than 31 from PN sequence used for PDSCH scrambling).
In addition to that, there may be highly in demand to use more number of bits for initialization value for PN sequence depending on future NR discussion. So, we think it is right time to consider more number of bits for initialization value. However, if LFSR of Gold sequence is simply increased over 31, one concern is that it would cause higher computational complexity than that of LTE, i.e., 64 bits computation while 32 bits computation is used for LTE PN sequence. Due to the same reason, Gold sequence with LFSR size 31 has been adopted since LTE Rel-8. Accordingly, RAN1 has to consider the complexity issue as well as the necessity of increased initialization value for NR. 

To handle such design purpose, we think it is good choice to use large set of Kasami sequence with LFSR size 30(i.e., degree of primitive polynomial M=30) which is extended version of Gold sequence. Large set of Kasami sequence is constructed by 3-polynomials when mod(M, 4) = 2 so that two initialization values (cinit_1, cinit_2) can be used for sequence generation.  

By the large set of Kasami sequence with LFSR size 30, maximum total 45 bits(30 bits by cinit_1 and 15 bits cinit_2 by) initialisation value is possible. And, the maximum value of cross-correlation is the same as that of Gold sequence for even value of M.
Proposal 1:
For PN sequence used for NR DMRS sequence generation
 - Common PN sequence generation scheme should be applied for all of NR physical signal and physical channel like LTE
- Further study should be  needed with consideration on the maximum total number of bits used for initialisation value of PN sequence, i.e., the number of bits for initialisation value of cinit is likely larger than 31 bits which is LFSR of Gold sequence in LTE.

▫ New PN sequence supporting larger number of initialisation value should be needed.

▪  e.g., Gold sequence with LFSR size >31, large set of Kasami sequence
DMRS antenna ports multiplexing

As agreed at RAN1 NR Ad-hoc#2 meeting, one of two front-loaded DMRS Configuration types is configured by higher layers, and 1 symbol or 2 symbols is used for DMRS in each DMRS Configuration type as shown Figure 1.
[image: image1.jpg]=3
o

KouanD:
—

J

time

Full overhead

Kouanbeny

|

—>
time

1/2 overhead

Comb pattern B
Comb pattern A

(a) DMRS Configuration type 1 (1 symbol)

Kouanbeny

—

| BB EERE-E

=%
@

Full overhead

=3
o

nb:

@

LUK

S

£

f

—
time

1/2 overhead

(c) DMRS Configuration type 2 (1 symbol)

=3

2

=

: T

5

G
—
time

Full overhead

KLouanbary

—>

_—>
time

1/2 overhead

Comb pattern B
“\ Comb pattern A

5JTD-OCC

(b) DMRS Configuration type 1 (2 symbols)

Full overhead

KLouanbany

—

—>
tume

1/2 overhead

CDM group C

!
}

DM group B

DM group A

¥

FD-OCC+TD-OCC

(d) DMRS Configuration type 2 (2 symbols)




Figure 1: Examples of DMRS configuration

For DMRS antenna ports multiplexing, following Table 1 or Table 2 could be used. The selection between Table 1 and Table 2 could depend on decision of DMRS and data multiplexing. The Table 1 is more preferable if DMRS and data multiplexing is possible on the same symbol. For example, if two DMRS antenna ports are configured and  multiplexed by CS value with the same Comb pattern, the other REs on the DMRS symbol(s) could be used for data transmission. On the other hand, The Table 2 is more preferable if DMRS and data multiplexing is impossible on the same symbol.
Table 1: Example of DMRS antenna ports multiplexing #1
(a) DMRS Configuration type 1 (1 symbol): multiplexing priority - CS value > Comb pattern
	
	Comb pattern
	CS(Cyclic Shift)

	DMRS antenna port #1
	Comb pattern A
	CS value A (=0)

	DMRS antenna port #2
	Comb pattern A
	CS value B (=π)

	DMRS antenna port #3
	Comb pattern B
	CS value A (=0)

	DMRS antenna port #4
	Comb pattern B
	CS value B (=π)


(b) DMRS Configuration type 1 (2 symbols): multiplexing priority - CS value > Comb pattern > TD-OCC
	
	Comb pattern
	CS(Cyclic Shift)
	TD-OCC

	DMRS antenna port #1
	Comb pattern A
	CS value A (=0)
	[+1, +1]

	DMRS antenna port #2
	Comb pattern A
	CS value B (=π)
	[+1, +1]

	DMRS antenna port #3
	Comb pattern B
	CS value A (=0)
	[+1, +1]

	DMRS antenna port #4
	Comb pattern B
	CS value B (=π)
	[+1, +1]

	DMRS antenna port #5
	Comb pattern A
	CS value A (=0)
	[+1, -1]

	DMRS antenna port #6
	Comb pattern A
	CS value B (=π)
	[+1, -1]

	DMRS antenna port #7
	Comb pattern B
	CS value A (=0)
	[+1, -1]

	DMRS antenna port #8
	Comb pattern B
	CS value B (=π)
	[+1, -1]


(c) DMRS Configuration type 2 (1 symbol): multiplexing priority - FD-OCC > CDM group
	
	CDM group
	FD-OCC

	DMRS antenna port #1
	CDM group A
	[+1, +1]

	DMRS antenna port #2
	CDM group A
	[+1, -1]

	DMRS antenna port #3
	CDM group B
	[+1, +1]

	DMRS antenna port #4
	CDM group B
	[+1, -1]

	DMRS antenna port #5
	CDM group C
	[+1, +1]

	DMRS antenna port #6
	CDM group C
	[+1, -1]


(d) DMRS Configuration type 2 (2 symbols): multiplexing priority - FD-OCC > CDM group > TD-OCC
	
	CDM group
	FD-OCC
	TD-OCC

	DMRS antenna port #1
	CDM group A
	[+1, +1]
	[+1, +1]

	DMRS antenna port #2
	CDM group A
	[+1, -1]
	[+1, +1]

	DMRS antenna port #3
	CDM group B
	[+1, +1]
	[+1, +1]

	DMRS antenna port #4
	CDM group B
	[+1, -1]
	[+1, +1]

	DMRS antenna port #5
	CDM group C
	[+1, +1]
	[+1, +1]

	DMRS antenna port #6
	CDM group C
	[+1, -1]
	[+1, +1]

	DMRS antenna port #7
	CDM group A
	[+1, +1]
	[+1, -1]

	DMRS antenna port #8
	CDM group A
	[+1, -1]
	[+1, -1]

	DMRS antenna port #9
	CDM group B
	[+1, +1]
	[+1, -1]

	DMRS antenna port #10
	CDM group B
	[+1, -1]
	[+1, -1]

	DMRS antenna port #11
	CDM group C
	[+1, +1]
	[+1, -1]

	DMRS antenna port #12
	CDM group C
	[+1, -1]
	[+1, -1]


Table 2: Example of antenna ports multiplexing #2
(a) DMRS Configuration type 1 (1 symbol) : multiplexing priority - Comb pattern > CS value
	
	Comb pattern
	CS(Cyclic Shift)

	DMRS antenna port #1
	Comb pattern A
	CS value A (=0)

	DMRS antenna port #2
	Comb pattern B
	CS value A (=0)

	DMRS antenna port #3
	Comb pattern A
	CS value B (=π)

	DMRS antenna port #4
	Comb pattern B
	CS value B (=π)


(b) DMRS Configuration type 1 (2 symbols) : multiplexing priority - Comb pattern > CS value > TD-OCC
	
	Comb pattern
	CS(Cyclic Shift)
	TD-OCC

	DMRS antenna port #1
	Comb pattern A
	CS value A (=0)
	[+1, +1]

	DMRS antenna port #2
	Comb pattern B
	CS value A (=0)
	[+1, +1]

	DMRS antenna port #3
	Comb pattern A
	CS value B (=π)
	[+1, +1]

	DMRS antenna port #4
	Comb pattern B
	CS value B (=π)
	[+1, +1]

	DMRS antenna port #5
	Comb pattern A
	CS value A (=0)
	[+1, -1]

	DMRS antenna port #6
	Comb pattern B
	CS value A (=0)
	[+1, -1]

	DMRS antenna port #7
	Comb pattern A
	CS value B (=π)
	[+1, -1]

	DMRS antenna port #8
	Comb pattern B
	CS value B (=π)
	[+1, -1]


(c) DMRS Configuration type 2 (1 symbol) : multiplexing priority - CDM group > FD-OCC
	
	CDM group
	FD-OCC

	DMRS antenna port #1
	CDM group A
	[+1, +1]

	DMRS antenna port #2
	CDM group B
	[+1, +1]

	DMRS antenna port #3
	CDM group C
	[+1, +1]

	DMRS antenna port #4
	CDM group A
	[+1, -1]

	DMRS antenna port #5
	CDM group B
	[+1, -1]

	DMRS antenna port #6
	CDM group C
	[+1, -1]


(d) DMRS Configuration type 2 (2 symbols) : multiplexing priority - CDM group > FD-OCC > TD-OCC
	
	CDM group
	FD-OCC
	TD-OCC

	DMRS antenna port #1
	CDM group A
	[+1, +1]
	[+1, +1]

	DMRS antenna port #2
	CDM group B
	[+1, +1]
	[+1, +1]

	DMRS antenna port #3
	CDM group C
	[+1, +1]
	[+1, +1]

	DMRS antenna port #4
	CDM group A
	[+1, -1]
	[+1, +1]

	DMRS antenna port #5
	CDM group B
	[+1, -1]
	[+1, +1]

	DMRS antenna port #6
	CDM group C
	[+1, -1]
	[+1, +1]

	DMRS antenna port #7
	CDM group A
	[+1, +1]
	[+1, -1]

	DMRS antenna port #8
	CDM group B
	[+1, +1]
	[+1, -1]

	DMRS antenna port #9
	CDM group C
	[+1, +1]
	[+1, -1]

	DMRS antenna port #10
	CDM group A
	[+1, -1]
	[+1, -1]

	DMRS antenna port #11
	CDM group B
	[+1, -1]
	[+1, -1]

	DMRS antenna port #12
	CDM group C
	[+1, -1]
	[+1, -1]


Proposal 2:
For DMRS antenna ports multiplexing, Table 1 or Table 2 should be used. 
 - The selection between Table 1 and Table 2 depends on decision of DMRS and data multiplexing. 
Indication of DMRS layers, number of antenna ports and number of symbols
As shown in following Table 3, the maximum number of DMRS antenna ports per MU-MIMO UE is not decided for both NR DMRS Configuration type 1 and DMRS Configuration type 2. At least, the maximum number of DMRS antenna ports per MU-MIMO UE supported in LTE/LTE-A DL/UL should be supported. For example with considerations of the maximum number of DMRS antenna ports for all of MU-MIMO UEs, the maximum number of DMRS antenna ports per MU-MIMO could be 2 for DMRS Configuration type 1, and the maximum number of DMRS antenna ports per MU-MIMO could be 3 for DMRS Configuration type 2. 
Table 3: The maximum number of supported DMRS antenna ports for MU-MIMO
	
	LTE/LTE-A

DL
	LTE/LTE-A

UL
	NR DMRS

Type 1
	NR DMRS

Type 2

	Maximum number of DMRS antenna ports 

for all of MU-MIMO UEs
	4
	4
	4/8
	6/12

	Maximum number of DMRS antenna ports 

per MU-MIMO UE
	2
	3
	FFS
	FFS


Within each DMRS Configuration type, the indication of DMRS layers, number of antenna ports and number of symbols could be jointly signaled by DCI tables as similar to the indication of DMRS layers, number of antenna ports and SCID in LTE/LTE-A, e.g., 5 bits DCI indication with Tables for each DMRS Configuration type and number of codeword.

Proposal 3:
At least, the maximum number of DMRS antenna ports per MU-MIMO UE supported in LTE/LTE-A DL/UL should be supported. 
 - e.g., DMRS Configuration type 1: the max. number of DMRS antenna ports per MU-MIMO UE is 2.
- e.g., DMRS Configuration type 2: the max. number of DMRS antenna ports per MU-MIMO UE is 3.

 Proposal 4:
Within each DMRS Configuration type, the indication of DMRS layers, number of antenna ports and number of symbols is jointly signaled by DCI.
 - e.g., 5 bits indication with Tables for each DMRS Configuration type and number of codeword
Number of DMRS configurations within a slot and collision avoidance
At RAN1#88 meeting, it was agreed that possible time domain DMRS configurations assuming following mobility scenarios are considered to study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) [2].
- Low, Medium, High & very high mobility
As shown in Figure 2, total maximum 3 DMRS configurations could be supported within a slot assuming following mobility scenarios
- Low mobility 

  ▫ 1 DMRS configuration: Front-loaded DMRS

- Medium mobility 

  ▫ 2 DMRS configurations: Front-loaded DMRS, Additional DMRS #1

- High & very high mobility
  ▫ 3 DMRS configurations: Front-loaded DMRS, Additional DMRS #1, Additional DMRS #2
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Figure 2: Examples of maximum 3 DMRS configurations within a slot 

The number of used DMRS configurations within a slot could be signaled. Only Front-loaded DMRS is used if the indicated number is 1, Front-loaded DMRS and Additional DMRS #1 are used if the indicated number is 2. For high or very high mobility(e.g., HST(High Speed Train) scenarios), the indicated number could be 3, i.e., Front-loaded DMRS, Additional DMRS #1 and Additional DMRS #2 are used. The indicated number can be 0 if time domain bundling is applied. 

The overhead of each DMRS configuration could be also jointly signaled with the number of used DMRS configurations. The overhead of each DMRS configuration can be common if the overhead is the same for all DMRS configuration within a slot.

For a given indicated number of used DMRS configurations, if an indicated DMRS configuration is collided with the other physical signal or physical channel(e.g. collision with SS block), the indicated DMRS configuration may be dropped and the other un-used DMRS configuration could be used instead of the indicated DMRS configuration. 
For example, if Front-loaded DMRS is indicated to use and collided with SS block, Front-loaded DMRS is dropped and an un-used DMRS configuration between Additional DMRS #1 and Additional DMRS #2 could be used instead of the Front-loaded DMRS.
Proposal 5:
The number of used DMRS configurations within a slot should be signaled.
 - 1 DMRS configuration for low mobility

▫ Front-loaded DMRS
- 2 DMRS configurations for middle mobility

▫ Front-loaded DMRS, Additional DMRS #1
- 3 DMRS configurations for high & very high mobility

▫ Front-loaded DMRS, Additional DMRS #1, Additional DMRS #2
- 0 DMRS configuration for time domain bundling
- The overhead of each DMRS configuration could be also jointly signaled.
- In the case that an indicated DMRS configuration is collided with the other physical signal or physical channel (e.g. collision with SS block)
▫ The indicated DMRS configuration may be dropped and the other un-used DMRS configuration could be used instead of the indicated DMRS configuration.
3. Conclusion

In this contribution, we discussed remaining details on NR DMRS configuration, and provide our views with following our proposal.
Proposal 1:
For PN sequence used for NR DMRS sequence generation
 - Common PN sequence generation scheme should be applied for all of NR physical signal and physical channel like LTE
- Further study should be  needed with consideration on the maximum total number of bits used for initialisation value of PN sequence, i.e., the number of bits for initialisation value of cinit is likely larger than 31 bits which is LFSR of Gold sequence in LTE.

▫ New PN sequence supporting larger number of initialisation value should be needed.

▪  e.g., Gold sequence with LFSR size >31, large set of Kasami sequence
Proposal 2:
For DMRS antenna ports multiplexing, Table 1 or Table 2 should be used. 
 - The selection between Table 1 and Table 2 depends on decision of DMRS and data multiplexing. 
Proposal 3:
At least, the maximum number of DMRS antenna ports per MU-MIMO UE supported in LTE/LTE-A DL/UL should be supported. 
 - e.g., DMRS Configuration type 1: the max. number of DMRS antenna ports per MU-MIMO UE is 2.

- e.g., DMRS Configuration type 2: the max. number of DMRS antenna ports per MU-MIMO UE is 3.

 Proposal 4:
Within each DMRS Configuration type, the indication of DMRS layers, number of antenna ports and number of symbols is jointly signaled by DCI.

 - e.g., 5 bits indication with Tables for each DMRS Configuration type and number of codeword
Proposal 5:
The number of used DMRS configurations within a slot should be signaled.
 - 1 DMRS configuration for low mobility

▫ Front-loaded DMRS
- 2 DMRS configurations for middle mobility

▫ Front-loaded DMRS, Additional DMRS #1
- 3 DMRS configurations for high & very high mobility

▫ Front-loaded DMRS, Additional DMRS #1, Additional DMRS #2
- 0 DMRS configuration for time domain bundling

- The overhead of each DMRS configuration could be also jointly signaled.
- In the case that an indicated DMRS configuration is collided with the other physical signal or physical channel (e.g. collision with SS block)

▫ The indicated DMRS configuration may be dropped and the other un-used DMRS configuration could be used instead of the indicated DMRS configuration.
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