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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
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.

Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
 
Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined
[bookmark: _Hlk510705081]In this contribution, we discuss different procedures for DMRS design when spectrum extension methods are considered for coverage extension via power domain enhancement.
Frequency domain spectrum extension and shaping
In Rel-17 specification, for DFT-s-OFDM waveform, ZC sequences are used as reference sequences (RS) by generating it as follows - 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”.

In this document we studied three methods for DMRS design for length M+d, namely

· Method 1: cyclic extension followed by symmetric extension
· Method 2: symmetric extension only
· Method 3: cyclic extension only

Here, cyclic extension of a sequence z(n) of length M to length M+d is given by 

The symmetric extension of a sequence z(n) of length M to length M+d is performed by copying the initial d/2 samples of z(n) to the end, and by copying the end d/2 samples to the beginning of the sequence z(n). The same is represented in Fig. 1.
	M

(a) Typical symbol structure of size M
M+d
d/2

(b) Symmetric extension of M length symbol to M+d

Figure 1: Symbol structures with and without symmetric extension
Method 1
In this method, the RS of length ‘M’ is generated as per Rel-17 specification 


The M length base sequence r(n) is extended to M+d by padding the last d/2 samples to the beginning, and first d/2 samples to the end of the M length RS sequence as

This symmetrically extended sequence is shaped with filter w(n), and the shaped sequence is given by

We then compare the PAPR of the symmetrically extended sequence with shaping ()  with extended sequence , and with base sequence . Fig.2 shows PAPR performances of M-length ZC sequence, symmetrically extended ZC sequence, and symmetrically extended ZC sequence with shaping. From the Fig.2 (simulation assumptions shown in Annex), it can be noted that the PAPR for method 1 is best without extension and shaping. Compared to symbols without extension and shaping, a loss of 0.5 dB, 1.5 dB in PAPR can be seen for symbols with extension and shaping, with extension and without shaping methods. 
[image: ]
Figure 2: PAPR performance of method 1 without extension, with extension, with extension and shaping.
Method 2
In this method, ZC sequence x(n), which has length () is generated. Here,  is a prime number, which is lesser and the closest prime number to the allocation size ‘M’. To obtain the spectrum extended sequence of length M+d, symmetric extension of x(n) can be done. However,  is a prime number, which may make  a fraction. Hence, while extending the  sequence to M+d, one part of the extension will have a size of , while the other extendion will have a size of . Hence, the extended M+d length sequence  is obtained by copying the initial sample of one of the sizes (either ceil or floor) defined above to the end, and by copying the end samples of one the sizes (either floor or ceil) defined above to the beginning of the  length sequence.
This symmetrically extended sequence is shaped with filter w(n), and the shaped sequence is given by

From the Fig.3, the PAPR performance of without extension, with extension are almost same. PAPR of the method 2 is best with extension and shaping and it has a gain of 1.5-2dB compared to no extension and shaping.
[image: ]
Figure 3: PAPR performance of method 2 without extension, with extension, with extension and shaping.
Method 3:
In this method, instead of considering M as allocation size, M+d is considered as allocation size. Initial ZC sequence  is generated for length  (which is closest prime number to M+d, and less than M+d). This sequence is cyclically extended to length M+d as follows,

This cyclically extended sequence is shaped with filter w(n), and the shaped sequence is given by

Fig 4 shows the PAPR performance of the method 3 with and without shaping. It can be seen from the figure that the PAPR of the proposed method has better performance when shaping is applied on the cyclically extended RS. With shaping there is a gain of around 1dB in PAPR.
x(dB)

Figure 4: PAPR performance of method 3 with cyclic extension and shaping.
Comparison of the 3 methods
Fig. 5 shows PAPR performance of the best results of the proposed three methods with shaping. It can be seen from the figure that the performance of the method 1 is worse compared to the rest, while method 2 has the best performance. 
However, considering the timelines of the study item, and with respect to the changes required in specification, we believe that the sequence generation with method 3 has more resemblance to the existing Rel-17 ZC RS generation and has minimal specification impact. Therefore we propose method 3 as the DMRS design method for PAPR enhancement via spectrum extension methods.  
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Figure 5: PAPR performance of proposed methods 1, 2 and 3 with shaping

Proposal 1:  Generate DMRS for extended allocation i.e., considering the spectrum extension bandwidth and the actual allocation bandwidth together, and then shape it using an appropriately chosen filter. 
3	Conclusion
In this document, we have discussed different methods to generate the RS for frequency domain spectrum extension and shaping along with their PAPR performances with shaping. Based on the discussion and results, we make the following observations and proposals:
Proposal 1:  Generate DMRS for extended allocation i.e., considering the spectrum extension bandwidth and the actual allocation bandwidth together, and then shape it using an appropriately chosen filter.
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Annexure
Simulation assumptions
	Parameter
	Value

	Number of PRBS
	8

	Shaping filter
	SQRC

	Extension factor
	25%

	FFT size
	4096

	SCS
	30 KHz
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