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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The following issue was discussed in RAN1#100 e-meeting but there was no conclusion.
· For low PAPR pi/2-BPSK PUCCH, format 3 and 4, whether and if so how the DMRS depends on the cyclic shift value α 
In this contribution, we discuss above issue and provide text proposals relevant to low PAPR RS.
2. Discussion
On low PAPR pi/2-BPSK PUCCH
The following two issues were identified on low PAPR pi/2-BPSK PUCCH format 3 and 4. Issue 1, Rel-16 low PAPR RS feature only can be applied to PUCCH format 3 and 4 with pi/2-BPSK modulation, which had been agreed in RAN1#1901 as below,
Agreement
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.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362
There is no PAPR issue for PUCCH format 3 and 4 with QPSK modulation, therefore no need to introduce low PAPR RS for this case. Issue 2, cyclic shift value description is redundant, since it was agreed that PUCCH multiplexing capacity is a single port in Rel-16. Similar to the descriptions of pi/2-BPSK PUSCH DMRS, the definition of α and δ can be added for pi/2-BPSK PUCCH format 3 and 4 to make specification clearer.
Proposal1: 
· The following text proposal on application scenario of low PAPR RS for pi/2-BPSK PUCCH format 3 and 4 is supported. 
[bookmark: _Toc19796469][bookmark: _Toc26459695][bookmark: _Toc29230345][bookmark: _Toc36026604]-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
6.4.1.3.3.1	Sequence generation
…
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured, and π/2-BPSK modulation is used for PUCCH,   is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
…
-------------------------------------------------------End of text proposal---------------------------------------------------------
Proposal2: 
· The following text proposal on cyclic shift value of low PAPR RS for pi/2-BPSK PUCCH format 3 and 4 is supported. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2,  and .
-	otherwise,  is given by clause 6.3.2.2. 
The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 without interlaced mapping and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4.
-------------------------------------------------------End of text proposal---------------------------------------------------------
On RRC parameters alignment  
When transform precoding is enabled, in TS 38.211, the enabling of low PAPR pi/2-BPSK PUSCH DMRS is by RRC parameter ‘dmrsUplinkTransformPrecoding-r16’ or ‘dmrs-UplinkTransformPrecoding-r16’. However, in TS 38.212, the name of corresponding RRC parameter is ‘DMRSuplinkTransformPrecoding-r16’. In the endorsed MIMO running CR of TS 38.331, the name of corresponding RRC parameter is ‘dmrs-UplinkTransformPrecoding-r16’. For better readability, the RRC parameter in a single specification and among all the specification should be aligned. Not only above RRC parameter, some other RRC parameters for low PAPR RS also have same issues.
Proposal3: 
· The following text proposal for TS 38.211 is supported to make RRC parameters consistently. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
[bookmark: _Toc19796502][bookmark: _Toc26459728][bookmark: _Toc29230378][bookmark: _Toc36026637]7.4.1.1.1	Sequence generation
…
-	if the higher-layer parameter dmrs-Downlink-r16 in the DMRS-DownlinkConfig IE is provided
…
6.4.1.1.1.2	Sequence generation when transform precoding is enabled
…
[bookmark: _Hlk37081279][bookmark: _Hlk37079079][bookmark: _Hlk37077732]-	if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled using DCI format 0_0 in a common search space,  is given by clause 5.2.3 with  given by

	where  unless given by the DCI according to clause 7.3.1.1.2 in  [4, TS38.212] for a transmission scheduled by DCI format 0_1 or given by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; and
-	 are given by the higher-layer parameters pi2BPSK-SscramblingID0 and pi2BPSK-SscramblingID1, 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 pi2BPSK-SscramblingID0 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;
-	 otherwise; 
-	otherwise,  is given by clause 5.2.2.
The sequence group , where  is given by
-	 if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE, the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is not configured, and the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI according to clause 8.3 in [5, TS 38.213]; 
-	 if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled using DCI format 0_0 in a common search space;
-	 otherwise
…
6.4.1.3.3.1	Sequence generation
…
-	if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
…
-------------------------------------------------------End of text proposal---------------------------------------------------------
Proposal4: 
· The following text proposal for TS 38.212 is supported to make RRC parameters consistently. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.212
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758][bookmark: _Toc36045948][bookmark: _Toc36046208][bookmark: _Toc36046354]7.3.1.1.2	Format 0_1
…
-	Antenna ports – number of bits determined by the following
-	2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2 BPSK modulation is used;
-	2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2 BPSK modulation is used, dmrs-Type=1, and maxLength=1, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
-	4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2 BPSK modulation is used;
-	4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2 BPSK modulation is used, dmrs-Type=1, and maxLength=2, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
…
Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2-BPSK modulation is used
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3



Table 7.3.1.1.2-6A: Antenna port(s), transform precoder is enabled, DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2-BPSK modulation is used, dmrs-Type=1, maxLength=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0, nSCID= 0

	1
	2
	0, nSCID= 1

	2
	2
	2, nSCID= 0

	3
	2
	2, nSCID= 1



Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2-BPSK modulation is used
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0
	1

	1
	2
	1
	1

	2
	2
	2
	1

	3
	2
	3
	1

	4
	2
	0
	2

	5
	2
	1
	2

	6
	2
	2
	2

	7
	2
	3
	2

	8
	2
	4
	2

	9
	2
	5
	2

	10
	2
	6
	2

	11
	2
	7
	2

	12-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-7A: Antenna port(s), transform precoder is enabled, DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2-BPSK modulation is used, dmrs-Type=1, maxLength=2
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0, nSCID= 0
	1

	1
	2
	0, nSCID= 1
	1

	2
	2
	2, nSCID= 0
	1

	3
	2
	2, nSCID= 1
	1

	4
	2
	0, nSCID= 0
	2

	5
	2
	0, nSCID= 1
	2

	6
	2
	2, nSCID= 0
	2

	7
	2
	2, nSCID= 1
	2

	8
	2
	4, nSCID= 0
	2

	9
	2
	4, nSCID= 1
	2

	10
	2
	6, nSCID= 0
	2

	11
	2
	6, nSCID= 1
	2

	12-15
	Reserved
	Reserved
	Reserved


…
-------------------------------------------------------End of text proposal---------------------------------------------------------
3. Conclusion
In this contribution, we discussed remaining issues on low PAPR RS with the following text proposals:
Proposal1: 
· The following text proposal on application scenario of low PAPR RS for pi/2-BPSK PUCCH format 3 and 4 is supported. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
6.4.1.3.3.1	Sequence generation
…
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured, and π/2-BPSK modulation is used for PUCCH,   is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
…
-------------------------------------------------------End of text proposal---------------------------------------------------------
Proposal2: 
· The following text proposal on cyclic shift value of low PAPR RS for pi/2-BPSK PUCCH format 3 and 4 is supported. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2,  and .
-	otherwise,  is given by clause 6.3.2.2. 
[bookmark: _GoBack]The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 without interlaced mapping and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4.
-------------------------------------------------------End of text proposal---------------------------------------------------------
Proposal3: 
· The following text proposal for TS 38.211 is supported to make RRC parameters consistently. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.211
7.4.1.1.1	Sequence generation
…
-	if the higher-layer parameter dmrs-Downlink-r16 in the DMRS-DownlinkConfig IE is provided
…
6.4.1.1.1.2	Sequence generation when transform precoding is enabled
…
-	if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled using DCI format 0_0 in a common search space,  is given by clause 5.2.3 with  given by

	where  unless given by the DCI according to clause 7.3.1.1.2 in  [4, TS38.212] for a transmission scheduled by DCI format 0_1 or given by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; and
-	 are given by the higher-layer parameters pi2BPSK-SscramblingID0 and pi2BPSK-SscramblingID1, 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 pi2BPSK-SscramblingID0 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;
-	 otherwise; 
-	otherwise,  is given by clause 5.2.2.
The sequence group , where  is given by
-	 if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE, the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is not configured, and the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI according to clause 8.3 in [5, TS 38.213]; 
-	 if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled using DCI format 0_0 in a common search space;
-	 otherwise
…
6.4.1.3.3.1	Sequence generation
…
-	if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
…
-------------------------------------------------------End of text proposal---------------------------------------------------------
Proposal4: 
· The following text proposal for TS 38.212 is supported to make RRC parameters consistently. 
-----------------------------------------------------Start of text proposal---------------------------------------------------------
TS 38.212
7.3.1.1.2	Format 0_1
…
-	Antenna ports – number of bits determined by the following
-	2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2 BPSK modulation is used;
-	2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2 BPSK modulation is used, dmrs-Type=1, and maxLength=1, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
-	4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2 BPSK modulation is used;
-	4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2 BPSK modulation is used, dmrs-Type=1, and maxLength=2, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
…
Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2-BPSK modulation is used
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3



Table 7.3.1.1.2-6A: Antenna port(s), transform precoder is enabled, DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2-BPSK modulation is used, dmrs-Type=1, maxLength=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0, nSCID= 0

	1
	2
	0, nSCID= 1

	2
	2
	2, nSCID= 0

	3
	2
	2, nSCID= 1



Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2, except that DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured and π/2-BPSK modulation is used
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0
	1

	1
	2
	1
	1

	2
	2
	2
	1

	3
	2
	3
	1

	4
	2
	0
	2

	5
	2
	1
	2

	6
	2
	2
	2

	7
	2
	3
	2

	8
	2
	4
	2

	9
	2
	5
	2

	10
	2
	6
	2

	11
	2
	7
	2

	12-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-7A: Antenna port(s), transform precoder is enabled, DMRSdmrs-uUplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, π/2-BPSK modulation is used, dmrs-Type=1, maxLength=2
	Value
	Number of DMRS CDM group(s) without data 
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0, nSCID= 0
	1

	1
	2
	0, nSCID= 1
	1

	2
	2
	2, nSCID= 0
	1

	3
	2
	2, nSCID= 1
	1

	4
	2
	0, nSCID= 0
	2

	5
	2
	0, nSCID= 1
	2

	6
	2
	2, nSCID= 0
	2

	7
	2
	2, nSCID= 1
	2

	8
	2
	4, nSCID= 0
	2

	9
	2
	4, nSCID= 1
	2

	10
	2
	6, nSCID= 0
	2

	11
	2
	6, nSCID= 1
	2

	12-15
	Reserved
	Reserved
	Reserved


…
-------------------------------------------------------End of text proposal---------------------------------------------------------
References
[1] RAN1#100e chairman’s notes
image3.wmf
0

0

=

m


oleObject2.bin

image2.wmf
(

)

(

)

(,)

,

PUCCH,

sc

0,1,...,1

luv

s

rmrm

mM

ad

=

=-


oleObject1.bin

