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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 non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension.
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.

Agreement
At least the symmetric spectrum extension option for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18.
Conclusion 
It is RAN1 understanding that:
· Performance comparison based on net gain results combining transmitter and receiver performance is performed by RAN4.
· No final decision would be taken by RAN1 on which MPR/PAR reduction solution, will be specified in Rel-18, if any, since this is RAN4’s responsibility.
· It does not preclude RAN1 specification impact

Agreement
For RAN1 link-level performance evaluation of MPR/PAR reduction solutions involving the use of spectrum shaping filter, companies are encouraged to use at least the following spectrum shaping filter configuration for calibration purpose:
· 2-tap, e.g., (1 0.28), 3-tap, e.g., (0.335 1 0.335), and (0.28 1 0.28) 
· Truncated RRC (0.5, 0.1667)  
There is no restriction to use other spectrum shaping filter coefficients in simulations.
Note: the above does not have spec impact.

Agreement
Study the PAPR/CM[/OBO] of DMRS with FDSS-SE, e.g., the following solutions:
· Option 1 - Based on low PAPR Type 1 DMRS sequence:
· 1-a:  A 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.
· 1-b 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. The sequence is then cyclically extended to span the PRBs in the extension.
· 1-c 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. DMRS extension is applied similar to data to span the PRBs in the extension.
· Option 2 - Based on low PAPR type 2 DMRS sequence
· Variances like those of Option 1 can be referred
· Option 3 – For in-band DMRS lengths 6/12/18/24 symbols, DMRS sequence is obtained by DFT transformation of low PAPR sequence type 1. Then the sequence is extended to span the PRBs in the extension in the same way as data extension.
Note: Other solutions can be studied. Comparison with the three solutions above is encouraged. Sequence with different density between in-band and extension can be studied
[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.
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
 -> Cyclic Extension

														Or

 -> Symmetric Extension
The PAPR for QPSK with the above-mentioned methods is presented in Fig. 1 with 25% spectrum extension and using (1+D) 2-tap filter.
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Figure 1: PAPR of the QPSK data sequence with spectrum extension and shaping

Hence, 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 should be the 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.

Observation-1: New RS sequence design needs to be studied for QPSK or higher modulations when operated with spectrum extension and shaping.

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.
Note: The spectrum shaping filter is generated to at least the length of the allocation and extension factor i.e., M+d. If the length of the filter generated is more than M+d, the filter is then truncated to the length M+d. This is referred to as truncation in the rest of the contribution.
The generation of DMRS using low PAPR type 2 DMRS sequences involves the following steps:
1. Generate a pi/2 BPSK sequence of length same as the allocation size M.
2. Obatin DFT precoded sequence by operating the generated sequnece with M-point DFT.
3. Extend the precoded symbol either cylically or symmetrically to length M+d
4. Shape the extended sequence with chosen shaping filter before generating the OFDM symbol.
The PAPR performance of the low PAPR type2 DMRS sequences for different configurations is shown in Fig. 2.
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Figure 2: PAPR of the RS sequences with spectrum extension and shaping

From the above figures, it is clear that using low PAPR type-2 DMRS sequences is signifcantly better than the ZC sequences. 
Proposal-1: Low PAPR type 2 DMRS sequences can be handled similar to data sequences for spectrum extension and shaping and therefore be used as RS sequences with appropriately chosen shaping filter.
Proposal-2: The length of the DMRS sequence generated is equal to allocation size.
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 offer 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 spectum extension and shaping and used as RS sequences with approprately chosen filter.
Proposal-2: The length of the DMRS sequence generated is equal to allocation size.
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Annexure
Simulation assumptions
	Parameter
	Value

	Number of PRBS
	6

	Shaping filter
	2-tap

	Filter generation 
	1. 25% extension
2. 50% extension followed by truncation to 25%

	Extension factor
	25%

	FFT size
	4096

	SCS
	30 KHz
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