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Motivation
Several agreements have been made to enhance coverage of 5G NR via power domain enhancements. Below, we show the ones relevant to DMRS design for enhancing coverage via power domain enhancements.
Agreement
If FDSS-SE is supported in Rel-18, DMRS are mapped on PRBs of both inband and extension and gNB can assume that they are filtered using the same Tx shaping filter as data.
FFS: whether and which optimizations to Rel-15 and/or Rel-16 DMRS, including sequence extension and/or mapping, to be used with FDSS-SE, are needed.
Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).

[bookmark: _Hlk510705081]Agreement
If FDSS-SE is supported in Rel-18, RAN1 to further study the following approaches for DMRS, when the DMRS sequence length before extension of the sequence, if any, is larger than or equal to 30: 
· Approach A – the DMRS sequence is extended: A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. Two sequence types can be considered:
· A.1: The sequence is a Type 1 DMRS sequence.
· A.2: The sequence is a Type 2 DMRS sequence. 
FFS: how the sequence is extended.
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Performance metrics considered for the study are PAPR, CM[, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).
Agreement
If FDSS-SE is supported in Rel-18, and RB allocations resulting in DMRS sequence length smaller than 30 before extension of the sequence, if any, are supported, RAN1 to study at least the following approaches: 
· Approach A – the DMRS sequence is extended: A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. Two sequence types can be considered:
· A.1: The sequence is obtained by DFT transformation of an existing DMRS sequence, e.g., Type 1 DMRS sequence. 
· A.2: The sequence is a Type 1 or Type 2 DMRS sequence.
   FFS: how the sequence is extended. 
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Note:    Other sequences are not precluded for Approach A and Approach B.
Performance metrics considered for the study are PAPR, CM [, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).
Working Assumption
· The following set of configurations is for companies’ consideration for the comparsion of the performance of DMRS with FDSS-SE.

	No spectrum extension
	With spectrum extension

	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	8
	0 
[only QPSK]
	6
	8
	1 
[only QPSK]
	¼

	8
	6
	6
	8
	8
	¼

	40
	2
	30
	40
	3
	¼

	40
	6
	30
	40
	8
	¼

	
	
	
	
	
	

	[6
	3
	4
	6
	5
	1/3]

	[36
	7
	32
	36
	8
	1/9]


· FR1 4GHz Urban scenario is prioritized.
· The following filters are for companies’ consideration for the calibration of the performance of DMRS with FDSS-SE
·  3-tap (0.28 1 0.28) 
· [Truncated RRC (0.5, 0.1667) or 2-tap (1 0.28)]  
· Note1: Considered metrics are PAPR/CM, 10% BLER SNR of data for the considered DMRS configuration (for measuring impact of channel estimation accuracy) [, and OBO]
· Note2: companies are encouraged to consider a receiver which at least makes use of the extension for the decoding (e.g., MRC)
Note3: The values above serve as a common basis, but any other configuration can be studied by companies.
In this contribution, we discuss different procedures for DMRS design when spectrum extension methods are considered for coverage extension via power domain enhancement.
DMRS design for spectrum extension and shaping
In Rel-17 specification, for DFT-s-OFDM waveform, for an allocation of size M, the size of the QPSK or any other modulation data is generated for size M. The spectrum extension is performed on this data after DFT precoding to extend the symbol size to M+d, where d is the extension factor. For a DFT precoded data , the spectrum extension may be performed by


The following three filters are agreed to considered for calibration of the spectrum extension and shaping system in RAN WG1 #112.
· 3-tap (0.28 1 0.28) 
· [Truncated RRC (0.5, 0.1667) or 2-tap (1 0.28)]  
The spectrum for the above-mentioned filters is presented in Fig. 1
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					Fig. 1: Spectrum of 2-tap and 3-tap filters for an allocation of 6 PRBs
It can be observed from fig. 1 that, the 2-tap filters have a better spectrum flatness compared to the 3-tap filter.

PAPR analysis
In this section, we present the PAPR performance of the QPSK data and pi/2-BPSK RS with the above-mentioned spectrum extension method and the three defined filters.
The PAPR for QPSK with the above-mentioned methods is presented in Fig. 2
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Fig. 2: PAPR for QPSK data with FDSS-SE compared with no shaping and extension

It can be observed from the figure that the PAPR is better for 3-tap filter compared to the other two 2-tap filters. With three tap filter there is a gain of almost 2.15dB in PAPR compared Rel-17 QPSK DFT-s-OFDM symbol and almost 1dB gain compared to the other filters.

To equalize the transmitted data, M+d length RS needs to be transmitted. In Rel-17 specification, either ZC or CGS are being used as RS. CGS is for lengths less than 30, and can be spectrum extended to M+d. However, for allocation size of M, ZC sequences (x(n)) are generated for a length of a prime number () which is less than and close to M. To get a sequence of length M, x(n) is cyclically extended to M as follows,
							
											 
In order to support frequency domain spectrum shaping with spectrum extension (FDSS-SE), for an extension factor of ‘d’, RS of length M+d will be needed for transmission when the allocation is of size “M”. Various method to obtain M+d length ZC-RS are discussed, and conclusions are presented in [1]. The effect of extension and shaping is expected to be same on both RS and data. However, since ZC is generated for length  in Rel-17, the effect of extension and shaping on data symbol is not same as the effect on the RS symbol.

In Rel-17, low PAPR type 2 DMRS sequence is used for demodulation of pi/2-BPSK data. The low PAPR type 2 DMRS sequences have proved to have low PAPR, and has a flexibility to generate the sequence to any desired length. For an allocation size M, the sequence can be generated to length M. Similar to data, the DFT precoded RS sequence can be spectrum extended to M+d length same as the method employed for data spectrum extension.

The PAPR for pi/2-BPSK RS with different filters is as shown in Fig. 3.
[image: ]
Fig. 3: PAPR for pi/2-BPSK RS with FDSS-SE compared with no shaping and extension

Similar to PAPR performance of data, the PAPR for pi/2-BPSK RS with 3-tap filter has better performance compared to the two tap filters. Compared to the baseline QPSK data (without FDSS_SE), there is a gain of around 2.8dB for the 3-tap filter for RS.
Observation 1: For QPSK data with FDSS-SE, 3-tap filter has better PAPR performance compared to the mentioned 2-tap filters, and has a gain of around 2.15 dB in PAPR compared to the baseline QPSK (Without FDSS-SE).
Observation 2: For pi/2BPSK as RS with FDSS-SE, 3-tap filter has better PAPR performance compared to the mentioned 2-tap filters, and has a gain of around 2.8dB in PAPR compared to the baseline QPSK (Without FDSS-SE).
BLER performance with pi/2-BPSK RS

The BLER performance of the FDSS-SE with different filters compared to the baseline QPSK is presented in the figures 4.
[image: Chart

Description automatically generated]
Fig. 4: BLER performance of QPSK data comparing pi/2-BPSK RS with FDSS-SE

It can be observed from the figure above that the BLER performance with all the filters are almost same and has a loss of around 1dB compared to the Rel-17 QPSK perfomrance. However, with the gain in PAPR obtained from the spectrum extension and shaping, the effective coverage can be obtained from power boosting.
In Fig. 4, BLER performance with Low PAPR type 2 (length <30) with FDSS-SE is compared with Low PAPR type 1 CGS. It can be observed that because of channel estimation performance with Low PAPR type 2 RS there is a little or no loss in BLER performance.
Proposal 1: Low PAPR type 2 DMRS sequences may be processed similar to data sequences for spectrum extension and shaping and used as RS sequences with approprately chosen filter.
Proposal 2: Approach-A.2 can be considered for RS generation for lengths less than or equal to 30 and greater than 30. 

3	Conclusion
In this document, we have discussed methods to generate spectrum extended filtered symbol for data sequences to obtain low PAPR. To demodulate the data, we presented the RS sequence that can offset low PAPR with spectrum extension and shaping. Based on the discussion and results, we make the following observations and proposals:
Proposal 1:  Low PAPR type 2 DMRS sequences may be processed similar to data sequences for spectrum extension and shaping and used as RS sequences with approprately chosen filter.
Proposal 2: Approach-A.2 can be considered for RS generation for lengths less than or equal to 30 and greater than 30. 
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Annexure
Simulation assumptions
	Parameter
	Baseline
	FDSS-SE

	Number of PRBS
	6
	4 (before extension)

	Shaping filter
	-
	2-tap: [1 0.28], [0.5, 0.1667]
3-tap: [0.28 1 0.28] 

	PRBs in extension
	-
	2

	Extension factor
	-
	1/3

	FFT size
	4096
	4096

	SCS
	30 KHz
	30 KHz
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