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In this summary, the agreements made on Rel.16 NR_eMIMO Low PAPR RS to-date are compiled and systematically arranged, as requested by the WI Rapporteur. The main purpose is to identify missing parts, if any, as well as to aid specification editors. Therefore:
· For a given topic/component, the captured agreement represents the most mature form. 
· Redundancies (including FFS items) are removed.
· The feature lead has inserted clarifying comments in red font, to increase understanding 
PDSCH and PUSCH using CP-OFDM waveform
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation
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· nSCID is provided by DCI (as in Rel.15)
· λ is absolute CDM group index (as defined in Rel.15 TS 38.211)
· The two N^(ID) are the same as in a Rel.15 DM-RS configuration
· Note: The λ=0 CDM group have same cinit as in Rel.15

· The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only
· For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement
· Rel.16 DMRS is not supported for MSG3 transmissions, Rel.15 behavior is used for MSG3
· When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.
· For DCI format 1_0, SPS use port 0 and Rel-15 sequence applies
· No specification impact necessary

PUSCH and PUCCH using DFT-S-OFDM waveform
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 
· For length 12,18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence for π/2 BPSK modulation for both PUSCH and PUCCH. 
· Table C1, C2, and C3 can be found in R1-1901362
· For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.

· When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.

Agreements specific of DMRS for PUCCH
· Support PUCCH DMRS enhancements for PUCCH format 3 and 4
· [bookmark: _Ref5017040]When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 and Format 4 is configured, the Rel-16 sequence is used for all sequence lengths.
· 
Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length >30 is determined according to the following: the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e.,  
· If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 

· The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
· The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 in Release 15 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.
Agreements specific for DMRS for PUSCH
· When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.
· Rel-15 NR DM-RS Type 1 mapping is used for the DM-RS sequences of PUSCH transmission with π/2-BPSK modulation. 
· Applies for Rel-16 for all sequence lengths
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 

· If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least USS is supported
· Rel.16 DMRS is not supported for MSG3 transmissions, Rel.15 behavior is used for MSG3
· For DCI format 1_0, SPS use port 0 and Rel-15 sequence applies
· No specification impact necessary

· The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.

· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)
· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator
· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI
· DCI indicates n_SCID={0,1} dynamically, without increasing DCI size to select the above parameter
· Antenna port indication is re-used for n_SCID indication as follows:
· DMRS port 1000,1002,1004 and 1006 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=0
· DMRS port 1001,1003,1005 and 1007 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=1
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· For initialization of Rel-16 π/2-BPSK modulated DM-RS using time domain Gold sequences, the OFDM symbol number l in the cinit formula for two-adjacent symbol DM-RS (maxLength=2) should correspond to the OFDM symbol number of the first DM-RS symbol of the pair of adjacent symbols
· For length 6 CGS; 8-PSK is used, the sequences are given by the following table. 
· [bookmark: _Ref5346621]Table 1 Length 6 CGS
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	0
	    -1    -7    -3    -5    -1     3

	1
	    -1     3     7    -3     7     3

	2
	    -1     3     1     5    -1    -5

	3
	    -7    -3    -7     5    -7    -3

	4
	     7     5    -1    -7    -3     1

	5
	     3    -3     1     5    -1    -1

	6
	    -7    -3    -7    -3     7    -5

	7
	    -7    -3     1    -5    -1    -5

	8
	    -7    -3     3    -3    -7    -3

	9
	    -7    -7    -1     1    -5     1

	10
	    -7    -3    -7     5    -1     5

	11
	    -7    -7    -3     1     5    -1

	12
	     5     7    -3    -5     5    -5

	13
	    -3     7    -5    -1    -5    -1

	14
	     5    -7     7     1     5     1

	15
	    -7     3     1     5    -1     3

	16
	    -7    -5    -1    -7    -5     5

	17
	    -7     1    -3     3     7     5

	18
	    -7    -7     3     5     1     5

	19
	    -7    -3     3    -1     3    -5

	20
	    -7    -5     5     3    -7    -1

	21
	     1     5     1     5     3     7

	22
	     1    -3     1    -5    -1     3

	23
	     1     7     1    -5    -7    -1

	24
	     1    -1     3    -1    -7    -3

	25
	     1    -1    -5    -1     3    -3

	26
	     1    -1     3    -1     3     7

	27
	    -5     3     7     5     3     7

	28
	    -7     1    -3     1     5     1

	29
	     1     5     3    -7     5    -3
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𝒄 𝒊𝒏𝒊𝒕 ሺ 𝝀 ሻ = ൬ 𝟐 𝟏𝟕 ቀ 𝑵 𝒔𝒚𝒎𝒃 𝒔𝒍𝒐𝒕 𝒏 𝒔 , 𝒇 𝝁 + 𝒍 + 𝟏 ቁ ቀ 𝟐 𝑵 𝑰𝑫 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝟏 ቁ + 𝟐 𝑵 𝑰𝑫 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝟐 𝟏𝟕 ඌ 𝝀 𝟐 ඐ ൰ 𝒎𝒐𝒅 𝟐 𝟑𝟏   Where   𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟎 ሻ = 𝒏 𝑺𝑪𝑰𝑫   𝒏 𝑺 𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟏 ሻ = 𝟏 − 𝒏 𝑺𝑪𝑰𝑫   𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟐 ሻ = 𝒏 𝑺𝑪𝑰𝑫  
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