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Introduction
In RAN#96 meeting, a revised Work Item [1] was agreed to study power domain enhancement for UL coverage enhancement.
This contribution provides our further considerations on power domain enhancements for UL coverage enhancement based on the agreements achieved during RAN1#111 meeting.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Power domain enhancement is an important component for UL coverage studies. Especially, low MPR is an essential issue in UL DFT-s-OFDM with prioritization of the provision of wide area coverage. 
Frequency Domain Spectral Shaping with spectrum extension
According to FDSS with spectrum extension, the following agreements were agreed for further study. 
	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.

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



At RAN#111 meeting, considering that currently only symmetric extension case is considered by RAN4, it was proposed that at least symmetric extension options could be considered in the study. Figure 2 illustrates the main procedure of FDSS with spectrum extension using symmetric extension. Basically, FDSS with spectrum extension decreases the bandwidth efficiency, due to the frequency resources required is larger than the actual needed for DFT-s-OFDM FDSS without spectrum extension. It can copy N-DFT-precoded data (K-N)/2 samples from the beginning and appending them to the end and copy (K-N)/2 samples from the end and appending them to the beginning. K spectrum extension coefficients can be multiplied with DFT-precoded data. 


Figure 1: FDSS with spectrum extension
PAPR of DMRS with FDSS-SE 
At RAN1#111 meeting, three options for the DMRS with FDSS-SE in R18 were presented. 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Option 1 - Based on low PAPR Type 1 DMRS sequence
· Option 2 - Based on low PAPR type 2 DMRS sequence
· Option 3 – For in-band DMRS lengths 6/12/18/24 symbols
Furthermore, 3 variants have been proposed for Option 1 and Option 2.
· Variant -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.
· Variant –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.
· Variant –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.
There are some examples of the three variants of Option 1 in the FL summary [2], which is shown in Table 1- Table 3. In these examples, the number of PRBs in the inband is 6 and spectrum extension factor is 1/4. For variant a in Option 1, when the length of the used ZC sequence is shorter than the number of allocated RE, the DMRS sequence is obtained by cyclically extending the original ZC sequence with prime length. Thus, the ZC DMRS sequence is   [0,1,…,30, 0, 1, ,…,16], which is mapped to REs as Table 1. 
Table 1. Variant –a for Option 1 [2]
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	0
	6
	12
	18
	24
	30
	5
	11

	2
	1
	7
	13
	19
	25
	0
	6
	12

	4
	2
	8
	14
	20
	26
	1
	7
	13

	6
	3
	9
	15
	21
	27
	2
	8
	14

	8
	4
	10
	16
	22
	28
	3
	9
	15

	10
	5
	11
	17
	23
	29
	4
	10
	16



For variant b in Option 1, the DMRS sequence is generated considering the number of PRBs in the inband. 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, which has good PAPR performance without changing the DMRS sequence order. Table  2 shows one example of DMRS sample to RE mapping in variant b of Option 1, and it reads:  [25,26,…, 30, 0, 1, …, 30, 0, 1,…, 10]. 
Observation 1: For variant b in Option 1, the characteristics of the DMRS sequence is not changed and can maintain low PAPR performance.
Table 2. Variant –b for Option 1 [2]
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	25
	0
	6
	12
	18
	24
	30
	5

	2
	26
	1
	7
	13
	19
	25
	0
	6

	4
	27
	2
	8
	14
	20
	26
	1
	7

	6
	28
	3
	9
	15
	21
	27
	2
	8

	8
	29
	4
	10
	16
	22
	28
	3
	9

	10
	30
	5
	11
	17
	23
	29
	4
	10



For variant c in Option 1, a DMRS sequence is generated considering the number of PRBs in the inband. DMRS extension is applied similar to data to span the PRBs in the extension. The M length base sequence is extended to L by copying the last (L-M)/2 samples to the beginning, and copying first (L-M)/2 samples to the end of the M length DMRS sequence. It is important to ensure that PAPR/CM of DMRS is not higher than PAPR/CM of data. However, variant c in Option 1 changes the order of the sequence by simply copying the sequence values of some inband PRB(s), so the correlation performance of the sequence becomes worse, which has negative impact to PAPR/CM. Table  3 shows one example of DMRS sample to RE mapping in variant c of Option 1, and it reads:  [30,0,…, 4, 0, 1, 30, 0, 1,…4, 0, 1, …, 5]. 
From above analysis, it can be seen that DMRS sequence generation in variant a is similar with existing Rel-15 DMRS sequence and has has minimal specification impact. It does not need to do spectrum extension.
Observation 2: Variant c in Option 1 may result in increasing PAPR and CM.
Observation 3: Variant a can simplify the implementation and has minimal specification impact.
Table 3. Variant –c for Option 1 [2]
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	30
	0
	6
	12
	18
	24
	30
	0

	2
	0
	1
	7
	13
	19
	25
	0
	1

	4
	1
	2
	8
	14
	20
	26
	1
	2

	6
	2
	3
	9
	15
	21
	27
	2
	3

	8
	3
	4
	10
	16
	22
	28
	3
	4

	10
	4
	5
	11
	17
	23
	29
	4
	5



Low PAPR type 2 sequence are used for the generation of the DMRS for the PUSCH when dmrs-UplinkTransformPrecoding is configured and π/2-BPSK modulation is used for PUSCH. For low PAPR type 2 sequence，the length of base sequence depends on the number of allocated RE. For variant a, the π/2-BPSK DMRS sequence is   [0,1, …,46,47]. For variant b, the π/2-BPSK DMRS sequence is   [30,31, …,35, 0,1, …,35,0,1, …,5]. For variant c, the π/2-BPSK DMRS sequence is   [30,31, …,35, 0,1, …,35,0,1, …,5]. Table  4 - Table  6 shows three examples of DMRS sample to RE mapping in Option 2, which is different from Option 1. From the above analysis, variant b and c are same for low PAPR type 2 sequence. Neither of them changes the correlation of the sequence. 
Observation 4: For low PAPR type 2 DMRS sequence, variant b and variant c are identical. 
For Option 1, NR Rel-15 ZC-based DMRS has larger PAPR than /2 BPSK-modulated data. For Option 2, both the low PAPR DMRS and data are generated using /2 BPSK modulation and transform-precoding, their PAPR are effectively the same. To avoid coverage performance loss and get better PAPR, it would be good to focus on type 2 sequence. Thus, Option 2 is preferred. Among the three variants in Option 2, variant a is the simplest and generates a new DMRS sequence directly based on the number of PRBs in the inband + extension, with the minimum impact on the specification. 
For short DMRS sequence (length 6/12/18/24), someone argues that spectrum extension will destroy the low PAPR characteristic if low PAPR sequence type 1 is applied. Thus, For in-band DMRS lengths 6/12/18/24 symbols, new DMRS sequence can be obtained by DFT transformation of low PAPR type 1 sequence, which results in low CM performance. However, Option 3 needs additional specification effort and could be further studied. For simplicity, low PAPR type 2 sequence can be used to achieve better PAPR performance. The net coverage gain is determined by potential transmission power gain and possible link performance loss. In addition to study the PAPR performance, the channel estimation performance of each DMRS sequence should also be studied.
Table 4. Variant –a for Option 2
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	0
	6
	12
	18
	24
	30
	36
	42

	2
	1
	7
	13
	19
	25
	31
	37
	43

	4
	2
	8
	14
	20
	26
	32
	38
	44

	6
	3
	9
	15
	21
	27
	33
	39
	45

	8
	4
	10
	16
	22
	28
	34
	40
	46

	10
	5
	11
	17
	23
	29
	35
	41
	47



Table 5. Variant –b for Option 2
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	30
	0
	6
	12
	18
	24
	30
	0

	2
	31
	1
	7
	13
	19
	25
	31
	1

	4
	32
	2
	8
	14
	20
	26
	32
	2

	6
	33
	3
	9
	15
	21
	27
	33
	3

	8
	34
	4
	10
	16
	22
	28
	34
	4

	10
	35
	5
	11
	17
	23
	29
	35
	5



Table 6. Variant –c for Option 2
	RE index in PRB
	RB index

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	30
	0
	6
	12
	18
	24
	30
	0

	2
	31
	1
	7
	13
	19
	25
	31
	1

	4
	32
	2
	8
	14
	20
	26
	32
	2

	6
	33
	3
	9
	15
	21
	27
	33
	3

	8
	34
	4
	10
	16
	22
	28
	34
	4

	10
	35
	5
	11
	17
	23
	29
	35
	5



Proposal 1. For simplicity and better PAPR performance, DMRS with FDSS-SE based on low PAPR sequence type 2 is preferred. 
Proposal 2. The DMRS sequence can be generated based on the total allocation PRB number with the excess bandwidth, i.e., variant a in Option 2.
Proposal 3. In addition to the transmission power gain, channel estimation performance also needs to be considered.
Determination of extension size 
For FDSS without spectrum extension, DFT size is the subcarrier number allocated for UL transmission, so there is no specific signalling for DFT size. However, for FDSS with spectrum extension, DFT size is smaller than FDSS spectrum extension size, new definition or relationship among DFT size, FDSS spectrum extension size, and allocation RB size should be studied. Basically, there can be two options:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 1: DFT size (N) is the same as number of allocated subcarriers in frequency domain resource allocation. FDSS spectrum extension size (F) has a larger size, with the extension factor to the DFT size, configured by higher layer signalling or indicated by DCI. One issue is if extension factor applied, the total allocated resource size how to get the integer PRB numbers, it may lead to data mapping to resource blocks change. 
· Option 2: FDSS spectrum extension size is the same as number of allocated subcarriers in frequency domain resource allocation. FDRA indicator provides the indication for in band and excess band. DFT size (N) should be additionally informed or configured, such as a scaling factor (α) smaller than 1. But one serious problem is how to satisfy the DFT size requirements.  
In conclusion, both of Option 1 and Option 2 have some issues on resource allocation, new signalling, and RB granularity resource mapping. All of them have to consider together with the performance gain.  In R17, DFT size can be express as multiple of  , where [a, b, c]  is a set of non-negative integers. If FDSS is an optional feature for DFT-s-OFDM, from perspective of reducing standardization efforts, it is desirable to keep DFT size same as the number of allocated subcarriers regardless of whether FDSS is applied or not. The original definition of DFT size should be unchanged. FDRA indicator provides the indication the inband size. In addition, it is necessary to study the scheme of generating integer PRB numbers for the extension band.
Proposal 4. The FDRA field only indicates the number of PRBs in the inband. 
Proposal 5. The scheme of generating integer PRB numbers for the extension band should be studied.
Tone reservation
Tone reservation [3] uses extra sub-carriers to reducing the PAPR of UL transmission on the basis of sub-carriers for data. Those extra sub-carriers are served for generating a compensation signal to cancel peaks, so they are named Peak Reduction Tones (PRTs), which are non-overlapping with data tones. The Figure 2 illustrated the main structure of tone reservation. The PRTs are only located at end of the DFT pre-coded data. 


Figure 2: Main structure of tone reservation
It was agreed to study the sideband tone reservation, which the frequency resources next to the data frequency allocation is used for PRT.  However, due to the PRTs are changed every time according to PUSCH, it would lead to high UE computation complexity. 
Basically, the most important issue of tone reservation is how to generate the compensation signal c for data signal x. c is the time-domain signal of C = [C0, …, CT], x is the time-domain signal of X = [X0, …, XN]. According to [3], the main principle is to find a signal c in time domain is as close as possible to the ideal impulse. The TR iterative algorithm is try to find the optimum code value C, so that . Besides, the steps in offline computation and online iterations should be divided into steps, to give clear pictures that which part can be up to UE and which part should be defined in the specification and tested.   
Therefore, in order to study tone reservation, we have the following observations:
Observation 5. The most important issue of tone reservation is how to generate the compensation signal c for data signal x, the complexity and flexibility should be identified first for the iteration steps.
In RAN1#111 meeting,  it was agreed to study at least the case PRT added also to DMRS symbols, given that PAPR reduction of DMRS may be needed to ensure PAPR/CM of DMRS is not larger than PAPR/CM of data symbols transmitted with PRTs. PRTs are added only to data can be used as a benchmark.
	Agreement
For the study of the PAPR/CM of DMRS when considering tone reservation as candidate enhancement for MPR/PAR reduction in Rel-18, RAN1 to consider at least the case that PRTs are added to the DMRS symbols (in the sideband). The case of PRTs not added to DMRS symbols can be used as a benchmark.




Sideband tone reservation size determination
For tone reservation, the relationship between the PRTs location and FDRA indicator should be studied. To minimize the impact on the specification, the FDRA field should only indicate the size of the actual allocated resources, not including the indication of PRTs. For the indication of PRTs location, it can be pre-configured by higher layer signalling or indicated by DCI.
Proposal 6. The FDRA field indicate the PRBs including the PRTs or not should be further studied.
Conclusion
In this contribution, we made the following observations and proposals.
Observation 1. For variant b in Option 1, the characteristics of the DMRS sequence is not changed and can maintain low PAPR performance.
[bookmark: _GoBack]Observation 2. Variant c in Option 1 may result in increasing PAPR and CM.
Observation 3. Variant a can simplify the implementation and has minimal specification impact.
Observation 4. For low PAPR type 2 DMRS sequence, variant b and variant c are identical. 
Observation 5. The most important issue of tone reservation is how to generate the compensation signal c for data signal x, the complexity and flexibility should be identified first for the iteration steps.
Proposal 1. For simplicity and better PAPR performance, DMRS with FDSS-SE based on low PAPR sequence type 2 is preferred. 
Proposal 2. The DMRS sequence can be generated based on the total allocation PRB number with the excess bandwidth, i.e., variant a in Option 2.
Proposal 3. In addition to the transmission power gain, channel estimation performance also needs to be considered.
Proposal 4. The FDRA field only indicates the number of PRBs in the inband. 
Proposal 5. The scheme of generating integer PRB numbers for the extension band should be studied.
Proposal 6. The FDRA field indicate the PRBs including the PRTs or not should be further studied.
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