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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#90 meeting [1].

Agreements at the RAN1 RAN1#90 meeting:
- For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH
▫ FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping
- DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset
▫ FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)
▫ FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)
▫ FFS the values of scrambling ID
▫ FFS other parameters
- For broadcast/multicast PDSCH:
▫ Additional DMRS is always present (Alt. 1)
▪ FFS: location and number of additional DMRS
- A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:
▫ By UE-specific higher layer signaling
▪ For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS
- For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol,
▫ FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc.
▫ Note: See the agreed positions in the figure.
▪ The yellow region in the figure below does not contain PDSCH.
- Working assumption: For 14-symbol slot and 2-symbol front-load DMRS
▫ One 2-symbol additional DMRS can be configured
▫ Companies are encouraged to perform additional evaluations and design analysis, also taking into account 1-symbol front-load DM-RS
- For 14-symbol slot and 1-symbol front-load DMRS
▫ At least two 1-symbol additional DMRS may be configured
▫ FFS whether or not to additionally support three 1-symbol additional DMRS may be configured
▪ Companies are encouraged to perform additional evaluations and design analysis
- Slide 6 in R1-1715261 is agreed
- NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
▫ FFS the conditions for this feature
- NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
▫ FFS the conditions for this feature
- NR supports signaling for PDSCH rate matching in DMRS symbols
▫ FFS details
- For DMRS for CP-OFDM with ECP (at least 60kHz SCS), configuration type 1 as in NCP is supported.
In this contribution, we will discuss remaining details on DL DMRS 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 [2], 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 though some parameters(e.g. RNTI) are 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 size 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
Power balancing issue on DMRS antenna ports multiplexing

As agreed at RAN1 NR Ad-hoc#2 meeting [2], 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.
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Figure 1: Examples of DMRS configuration

For DMRS antenna ports multiplexing, following Table 1 is used for 1-symbol DMRS configuration as agreed at RAN1#90 meeting. By the same way, following Table 2 could be used for 2-symbols DMRS configuration as DMRS antenna ports multiplexing.
Table 1: DMRS antenna ports multiplexing  for 1-symbol DMRS configuration
(a) DMRS configuration type 1: 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 2: 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]


Table 2: DMRS antenna ports multiplexing  for 2-symbols DMRS configuration
(a) DMRS configuration type 1: 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]


(b) DMRS configuration type 2: 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]


For power balancing in DMRS antenna ports multiplexing, following figure 2 could be considered, i.e., TD-OCC application could be different between every even mapping and every odd mapping of Comb pattern or CDM group in frequency-domain.
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Figure 2: TD-OCC application for power balancing

Proposal 2:
For power balancing in DMRS antenna ports multiplexing, TD-OCC application could be different between every even mapping and every odd mapping of Comb pattern or CDM group in frequency-domain as shown in Figure 2.
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 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(1 symbol or 2 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 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) [3].
- Low, Medium, High & very high mobility
As agreed at RAN1#90 meeting [1], at least 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

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. 
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 only 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
- 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 DL DMRS for NR, 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 size 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 power balancing in DMRS antenna ports multiplexing, TD-OCC application could be different between every even mapping and every odd mapping of Comb pattern or CDM group in frequency-domain as shown in Figure 2.
Proposal 3:
At least, the maximum number of DMRS antenna ports per MU-MIMO UE supported in LTE 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
 - 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
- 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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