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Introduction
In RAN4#91, [1] and [2] proposed enhancement for FR2 CA MPR for contiguous allocation by including 400MHz aggregated BW case in the first column of the CA MPR table for contiguous allocation (<= instead of <).
In this paper, we discuss this proposal and present our views.
Discussion
To enhance FR2 CA MPR for contiguous allocation, [1] and [2] proposed to include 400MHz aggregated BW case in the first column of the CA MPR table (<= instead of <). The motivation was that some operators are keen to maximize system performance for spectrum up to 400MHz wide. The justification was the expectation that MPR for contiguous CA allocations will track MPR of single CC OFDM waveforms.
In RAN4#91, we raised the following two concerns:
1. PAPR of 4x100MHz could be larger than PAPR of 1x400MHz, and therefore larger MPR could be needed for CA with 400MHz aggregated BW.
2. From emission prospective, the requirement for 4x100MHz CP-OFDM is more stringent. For 4x100MHz, the edge of the signal is at 197.5 MHz from the center, compared to the signal edge for 1x400MHz, which is at 190MHz.
Based on our analysis, we observe that EVM is the dominant factor for CA MPR contiguous allocation. Therefore, we will focus on the PAPR concern.

One of the main factors that affect PAPR of CA signal is he DMRS sequences used in CCs. The following contents are copied from TS 38.211 to show the generation of DMRS for DFT-s-OFDM and CP-OFDM waveforms:

	6.4.1.1.1.2                 Sequence generation when transform precoding is enabled
If transform precoding for PUSCH is enabled, the reference-signal sequence [image: cid:image051.png@01D52AA9.E603B560] shall be generated according to
[image: cid:image052.png@01D52AA9.E603B560]
where  is given by clause 5.2.2 with [image: cid:image054.png@01D52AA9.E603B560] and [image: cid:image055.png@01D52AA9.E603B560] for a PUSCH transmission.
The sequence group [image: cid:image056.png@01D52AA9.E603B560], where [image: cid:image057.png@01D52AA9.E603B560] is given by
-     if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].
-     otherwise



	6.4.1.1.1.1                 Sequence generation when transform precoding is disabled
If transform precoding for PUSCH is not enabled, the sequence [image: ] shall be generated according to
[image: ].
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ]
where [image: ] is the OFDM symbol number within the slot,  is the slot number within a frame, and
-      are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or by a PUSCH transmission with a configured grant; 
-      is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-     [image: ]otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant, otherwise .



From the above contents from TS 38.211, we have the following observation:
Observation 1: DMRS sequence generation depends on higher layer parameters. For DFT-s-OFD, it is required that different  parameters are configured (not necessarily ) to have different DMRS sequences among CCs. For CP-OFDM, it is required that different  parameters are configured (not necessarily ) to have different DMRS sequences among CCs. If cell IDs  are different, it is not guaranteed that DMRS sequences used in CCs are different.

If CCs has same DMRS sequence, PAPR increases compared to the case of different DMRS sequence within CCs. In table 1 and table 2, we evaluate the PAPR of single CC and CA contiguous allocation with 400MHz aggregated bandwidth with different DMRS sequences and same DMRS sequence respectively.

	Table 1: PAPR of single CC and CA contiguous allocation with 400MHz aggregated bandwidth with different DMRS sequences

	Waveform/Modulation
	99.9% PAPR (dB)

	
	1x400MHz
	2x200MHz
	4x100MHz
	8x50MHz

	DFT-s-OFDM
	BPSK
	6.7
	8.2
	9.4
	10.6

	
	QPSK
	8.2
	9.4
	10.5
	11.3

	
	16QAM
	9.3
	10.2
	10.8
	11.5

	
	64QAM
	9.8
	10.5
	11.1
	11.6

	CP-OFDM
	QPSK
	12.2
	12.2
	12.5
	12.8

	
	16QAM
	12.2
	12.2
	12.5
	12.8

	
	64QAM
	12.2
	12.2
	12.5
	12.8



	Table 2: PAPR of single CC and CA contiguous allocation with 400MHz aggregated bandwidth with same DMRS sequence

	Waveform/Modulation
	99.9% PAPR (dB)

	
	1x400MHz
	2x200MHz
	4x100MHz
	8x50MHz

	DFT-s-OFDM
	BPSK
	6.7
	8.2
	9.6
	12.9

	
	QPSK
	8.2
	9.4
	10.7
	12.9

	
	16QAM
	9.3
	10.3
	10.9
	12.9

	
	64QAM
	9.8
	10.6
	11.5
	12.9

	CP-OFDM
	QPSK
	12.2
	12.4
	14.3
	16.8

	
	16QAM
	12.2
	12.4
	14.3
	16.8

	
	64QAM
	12.2
	12.4
	14.3
	16.8



From table 1 and table 2, we have the following observation:
Observation 2: With different DMRS sequences among CCs,
· PAPR of CA DFT-S-OFDM with 400MHz aggregated BW can be upper bounded by PAPR of single CC CP-OFDM 400MHz.
· PAPR of CA CP-OFDM with 400MHz aggregated BW is close to PAPR of single CC CP-OFDM 400MHz (difference is ≤ 0.6dB).
Observation 3: With same DMRS sequence within CCs,
· PAPR of DFT-S-OFDM 8x50MHz is greater than PAPR of single CC CP-OFDM 400MHz.
· PAPR of CP-OFDM 4x100MHz and PAPR of CP-OFDM 8x50MHz are much greater than PAPR of single CC CP-OFDM 400MHz.

From above observations, with different DMRS sequences among CCs, MPR of single CC CP-OFDM 400MHz can be reused for CA MPR contiguous allocation with aggregated bandwidth ≤ 400MHz. However, with same DMRS sequence within CCs, MPR of single CC CP-OFDM 400MHz cannot be reused for CA MPR contiguous allocation with aggregated bandwidth ≤ 400MHz aggregated.

Conclusion
In this paper, we provided our views on FR2 CA MPR enhancement for contiguous allocation by including 400MHz aggregated BW case in the first column of the CA MPR table for contiguous allocation (<= instead of <). In summary we make the following observations:
Observation 1: DMRS sequence generation depends on higher layer parameters. For DFT-s-OFD, it is required that different  parameters are configured (not necessarily ) to have different DMRS sequences among CCs. For CP-OFDM, it is required that different  parameters are configured (not necessarily ) to have different DMRS sequences among CCs. If cell IDs  are different, it is not guaranteed that DMRS sequence used in CCs are different.
Observation 2: With different DMRS sequences among CCs,
· PAPR of CA DFT-S-OFDM with 400MHz aggregated BW can be upper bounded by PAPR of single CC CP-OFDM 400MHz.
· PAPR of CA CP-OFDM with 400MHz aggregated BW is close to PAPR of single CC CP-OFDM 400MHz (difference is ≤ 0.6dB).
Observation 3: With same DMRS sequence within CCs,
· PAPR of DFT-S-OFDM 8x50MHz is greater than PAPR of single CC CP-OFDM 400MHz.
· PAPR of CP-OFDM 4x100MHz and PAPR of CP-OFDM 8x50MHz are much greater than PAPR of single CC CP-OFDM 400MHz.
[bookmark: _GoBack]From above observations, with different DMRS sequences among CCs, MPR of single CC CP-OFDM 400MHz could be reused for CA MPR contiguous allocation with aggregated bandwidth ≤ 400MHz. However, with same DMRS sequence within CCs, MPR of single CC CP-OFDM 400MHz cannot be reused for CA MPR contiguous allocation with aggregated bandwidth ≤ 400MHz aggregated. If cell IDs  are different, it is not guaranteed that DMRS sequence used in CCs are different.
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