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Introduction
In this contribution, we present our views on the remaining issues of the current specification on the new lower PAPR DMRS introduced in Rel-16 and propose some text proposals to update the specification.
Discussion
PUSCH DMRS for CP-OFDM
For PUSCH DMRS for CP-OFDM,  should be corrected as another variable is used in the formula of sequence initialization.  Thus we have the following proposal:
Proposal 1: In TS 38.211, for the Rel-16 new DMRS for PUSCH with CP-OFDM,  should be corrected to 

The following gives the corresponding text proposal for Proposal 1:
	In TS 38.211 Section 6.4.1
<omitted text>
6.4.1.1  Demodulation reference signal for PUSCH
[bookmark: _Toc19796451][bookmark: _Toc26459677][bookmark: _Toc29230327]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  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 0_2, 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; 
-	 are, for each msgA PUSCH configuration, given by the higher-layer parameters msgA-scramblingID0 and msgA-scramblingID1, respectively, in the msgA-DMRS-Configuration IE if provided and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];

-	 otherwise;
[bookmark: _Hlk26403688]-	 and  are given by
-	if the higher-layer parameter DMRSuplink-r16 in the DMRS-UplinkConfig IE is provided

	where  is the CDM group defined in clause 6.4.1.1.3.
-	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 or 0_2, 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 .
<omitted text>
 




DMRS for PUSCH with pi/2-BPSK
For the applicability of Rel-16 new DMRS for PUSCH with pi/2-BPSK, two agreements were achieved in RAN1#96 and RAN1#96bis, respectively
	RAN1#96
Agreement  
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

	RAN1#96bis
Agreement
When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.



The current specification TS 38.211 [1] has not captured such restriction on the applicability of new DMRS for PUSCH with pi/2-BPSK. Thus the current version may lead to the misunderstanding that the new DMRS for CP-OFDM can be used for the PUSCH scheduled with DCI format 0_0 in a common search space.  Thus we have the following proposal:
Proposal 2: Clarify in TS 38.211 that the Rel-16 new DMRS for PUSCH with pi/2-BPSK is applied to the PUSCH that not scheduled by DCI format 0_0 in a common search space

Regarding the determining of the CGS sequence group for new DMRS with length less than 30, RAN1#96 has the following agreement (highlighted with YELLOW)
	Agreement
· 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}
· 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




There seems two different interpretations on this issue
· Alt.1: For the new DMRS based on CGS sequences, only when  , the  can be used to determine the sequence group as in Rel-15. 
· Alt.2: For the new DMRS based on CGS sequences, the value of   can be set to   to determine the sequence group as in Rel-15. That is to say, 
The current version of TS 38.211 reflects the interpretation for Alt.1, which is not aligned with the agreement. However, Alt.1 suffers the loss of flexibility to randomize the sequence group. Based on our understanding, Alt.2 is the real meaning of the agreement. Thus we propose to correct the current description to capture the agreement as follows
Proposal 3: Correct in TS 38.211 that  is used as  to determine the CSG group for the Rel-16 new DMRS for PUSCH with pi/2-BPSK

The following gives the corresponding text proposal for Proposal 2 and proposal 3:
	In TS 38.211 Section 6.4.1
<omitted text>
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to


where  with  and  depends on the configuration:
-	if the higher-layer parameter DMRSuplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission, and the PUSCH 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  is the OFDM symbol number within the slot in case of single-symbol DM-RS or the OFDM symbol number in the slot of the first DM-RS symbol in a symbol pair in case of double-symbol DM-RS;  is 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 and by the higer-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; and
-	 are given by the higher-layer parameters pi2BPSKscramblingID0 and pi2BPSKscramblingID1, 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 pi2BPSKscramblingID0 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 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 DMRSuplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission;
-	 otherwise
where [image: ] and the sequence number  are given by:
<omitted text>



DMRS for PUCCH with pi/2-BPSK
Rel-16 new DMRS for PUSCH with pi/2-BPSK does not depends on the value of . Thus the specification does not need to specify how to determine its value. 
 Proposal 4: In TS 38.211, remove the description on how to determine the value of α for Rel-16 new DMRS for PUCCH format 3/4 with pi/2-BPSK

The following gives the corresponding text proposal for Proposal 4:
	In TS 38.211 Section 6.4.1
<omitted text>
[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4
[bookmark: _Toc19796469][bookmark: _Toc26459695][bookmark: _Toc29230345]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.
-	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.
<omitted text>



PDSCH DMRS
In the current specification TS 38.211, the formula of DMRS sequence for PDSCH shown as follows does not support the fallback to Rel-15 sequence when the second CDM group is indicated since  cannot be equal to for . 


In contrast, the formula of DMRS sequence for PUSCH has been modified to support the fallback to Rel-15 sequence. Thus we propose to adopt the similar formula of PUSCH for PDSCH.
Proposal 5: In TS 38.211, reuse the formula of the Rel-16 new DMRS sequence of PUSCH with CP-OFDM for PDSCH

The following gives the corresponding text proposal for Proposal 5 and Proposal 6:
	In TS 38.211 Section 7.4.1
<omitted text>
· [bookmark: _Toc19796501][bookmark: _Toc26459727][bookmark: _Toc29230377]7.4.1.1	Demodulation reference signals for PDSCH
[bookmark: _Toc19796502][bookmark: _Toc26459728][bookmark: _Toc29230378]7.4.1.1.1	Sequence generation

The UE shall assume the sequence  is defined by

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with



where  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-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise; 
-	 is and  are given by


	where  is the CDM group defined in clause 7.4.1.1.2.
	if the higher-layer parameter DMRSdownlink-r16 in the DMRS-DownlinkConfig IE is provided, otherwise by 


-	 is the CDM group defined in clause 7.4.1.1.2.
The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if DCI format 1_1 or 1_2 in [4, TS 38.212] is used, otherwise .

<omitted text>



Conclusion
In this contribution, we present our view on the current specification regarding Rel-16 new DMRS (low PAPR RS). The following proposals and the corresponding text proposals are provided.
Proposal 1: In TS 38.211, for the Rel-16 new DMRS for PUSCH with CP-OFDM,  should be corrected to 
Proposal 2: Clarify in TS 38.211 that the Rel-16 new DMRS for PUSCH with pi/2-BPSK is applied to the PUSCH that not scheduled by DCI format 0_0 in a common search space
Proposal 3: Correct in TS 38.211 that  is used as  to determine the CSG group for the Rel-16 new DMRS for PUSCH with pi/2-BPSK
Proposal 4: In TS 38.211, remove the description on how to determine the value of α for Rel-16 new DMRS for PUCCH format 3/4 with pi/2-BPSK
Proposal 5: In TS 38.211, reuse the formula of the Rel-16 new DMRS sequence of PUSCH with CP-OFDM for PDSCH
[bookmark: _GoBack]References
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