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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution we discuss DMRS related issues and corrections to 38.211 and 38.212.
2 Discussion
2.1 DMRS sequence length for DFT-S-OFDM

The formula in 38.211 is based on the LTE formula. In LTE, DMRS can occupy all subcarriers or every other subcarrier per RRC configuration. However, in NR, the DMRS subcarrier only occupies every other subcarrier. As a result, the DMRS sequence length should be . To achieve this sequence length, the parameter  should be set to 1. However, in section 6.4.1.1.1, the parameter  is set to 1. Consequently, a correction is necessary. The change is shown in Annex 4.1 accordingly.
2.2 DMRS mapping to time/frequency domain resource
The formula for DMRS time/frequency domain resource mapping when DFT-S-OFDM is adopted is shown below:


In this formula, only time domain OCC is shown. Actually, frequency domain OCC is also used. Both time domain OCC and frequency domain OCC are (+1,+1). So for both cases with and without  and  in the formula, the resulting time/frequency domain mapping are the same. 
Consequently, we suggest to add  to the formula or remove  from the formula for consistency. The proposed correction to remove  is shown in annex 4.2.
2.3 DMRS group/sequence number
The group index u and sequence index v are used to identify a specific ZC sequence. For NR SRS, u and v are defined. For LTE DMRS, u and v are also defined. We think this part is missing in the DMRS related discussion, and there are no corresponding agreements. For simplicity, reusing the same principle as LTE or NR SRS can be considered. We propose to have specific agreements regarding this issue and capture them into specification.
Proposal 1: Reuse the same principle as NR SRS or LTE DMRS for NR DMRS sequence/group index determination.
2.4 DMRS scrambling ID

In LTE, the DMRS scrambling ID is jointly encoded with DMRS antenna port indication. In NR, no corresponding agreement was reached. In current 38.212 v200 specification, these two fields are separately indicated, and 1 bit is added in DCI format to indicate the DMRS scrambling ID. Another issue is that this scrambling ID is useful only when CP-OFDM is used with pseudo-random sequence. When DFT-S-OFDM is adopted with ZC sequence as DMRS sequence, no such DMRS scrambling ID is necessary.
We propose to have clear agreement on whether joint or separate encoding is adopted. If separate encoding is adopted, editorial corrections are necessary to 38.212, and the corrections are shown in Annex.
Proposal 2: Determine whether joint or separate encoding is used for CP-OFDM DMRS sequence initialization and DMRS antenna port indication. Capture corresponding agreements if separate encoding is adopted.


3 Conclusion
In this contribution we discussed the corrections to 38.211 on DMRS related issues. The corresponding corrections are shown in Annex. The proposal is as following:
Proposal 1: Reuse the same principle as NR SRS or LTE DMRS for NR DMRS sequence/group index determination.
Proposal 2: Determine whether joint or separate encoding is used for CP-OFDM DMRS sequence initialization and DMRS antenna port indication. Capture corresponding agreements if separate encoding is adopted.

4 Annex
4.1 Change to DMRS sequence length (38.211)
[bookmark: _Toc500952683]6.4.1.1.1	Sequence generation

If transform precoding for PUSCH is not enabled, the reference-signal 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 and


-	 and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided


-	 and  otherwise


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



where  is given by clause 5.2.2 with .
4.2 Change to DMRS time frequency mapping for DFT-S-OFDM (38.211)
[bookmark: _Toc500952685]6.4.1.1.3	Mapping to physical resources
The precoded PUSCH DM-RS shall be mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter UL-DMRS-config-type.

The UE shall map the sequence  to physical resource elements according to
-	if transform precoding is not enabled, 


-	if transform precoding is enabled







where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the following conditions are fulfilled:
-	the resource elements are within the common resrouce blocks allocated for PUSCH transmission

4.3 Change to DMRS scrambling ID (38.212)
[bookmark: _Toc500953346]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1:
-	Carrier indicator – 0 or 3 bits, as defined in section x.x of [5, TS38.213].
-	Identifier for DCI formats – [1] bit
-	Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined according to the higher layer parameter BandwidthPart-Config for the PUSCH.



-	Frequency domain resource assignment –bits if only resource allocation type 0 is configured, bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the LSBs provide the resource allocation as defined in section 6.1.2.2.1 of [6, TS38.214].

-	For resource allocation type 1, the   LSBs provide the resource allocation as defined in section 6.1.2.2.2 of [6, TS38.214]-	Time domain resource assignment – 1, 2, 3, or 4 bits as defined in section X.X of [6, TS38.214]. The bitwidth for this field is determined according to the higher layer parameter XXX.
-	VRB-to-PRB mapping – 0 or 1 bit, only applicable to resource allocation type 1, as defined in section xxx of [4, TS38.211].
	-	0 bit if only resource allocation type 0 is configured;
	-	1 bit otherwise.
-	Frequency hopping flag – 0 or 1 bit, only applicable to resource allocation type 1, as defined in section xxx of [6, TS38.214].
	-	0 bit if only resource allocation type 0 is configured;
	-	1 bit otherwise.
-	Modulation and coding scheme – 5 bits as defined in section x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in section x.x of [6, TS38.214]
-	HARQ process number – 4 bits
-	1st downlink assignment index – 1 or 2 bits
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise. 
-	TPC command for scheduled PUSCH – 2 bits as defined in section x.x of [5, TS38.213]




-	SRS resource indicator – or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value ‘CodeBook’ or ‘NonCodeBook’, and  is the maximum number of supported layers for the PUSCH.


-	 bits for non-codebook based PUSCH transmission, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value ‘NonCodeBook’;


-	 bits for codebook based PUSCH transmission, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value ‘CodeBook’.
-	Precoding information and number of layers – number of bits determined by the following:
	-	0 bits if the higher layer parameter ulTxConfig = NonCodeBook;
	-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;
-	3 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters ULmaxRank and ULCodebookSubset;
-	2 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters ULmaxRank and ULCodebookSubset .
-	Antenna ports – number of bits determined by the following
-	2 or 4 bits as defined by Tables 7.3.1.1.2-6/7, if PUSCH-tp=Enabled;
-	3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=1, where the value of SRS resource indicator field indicates the corresponding table to use;
-	4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=2, where the value of SRS resource indicator field indicates the corresponding table to use;
-	4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=1, where the value of SRS resource indicator field indicates the corresponding table to use;
-	5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=2, where the value of SRS resource indicator field indicates the corresponding table to use.
where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
-	SRS request – 2 bits as defined by Table 7.3.1.1.2-24.
-	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter ReportTriggerSize.
-	CBG transmission information – 0, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH.
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the DMRS ports are indicated by the Antenna ports field.
-	beta_offset indicator – 0 if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2 bits as defined by Table 7.3.1.1.2-27.
-	DMRS sequence initialization – 0 1 if the higher layer parameter PUSCH-tp=Disabled or 1 0 bit if the higher layer parameter PUSCH-tp=Enabled.
-	UL/SUL indicator – 0 bit for UEs not configured with SUL in the cell; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1..
For a UE configured with SUL in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.

[bookmark: _Toc500953349]7.3.1.2.2	Format 1_1
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_1:
-	Carrier indicator – 0 or 3 bits as defined in section x.x of [5, TS38.213].
-	Identifier for DCI formats – [1] bits
-	Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined according to the higher layer parameter BandwidthPart-Config for the PDSCH.



-	Frequency domain resource assignment –bits if only resource allocation type 0 is configured, bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the LSBs provide the resource allocation as defined in section 6.1.2.2.1 of [6, TS38.214].

-	For resource allocation type 1, the   LSBs provide the resource allocation as defined in section 6.1.2.2.2 of [6, TS38.214]
-	Time domain resource assignment –1, 2, 3, or 4 bits as defined in section X.X of [6, TS38.214]. The bitwidth for this field is determined according to the higher layer parameter XXX.
-	VRB-to-PRB mapping – 0 or 1 bit, only applicable to resource allocation type 1, as defined in section xxx of [4, TS38.211].
	-	0 bit if only resource allocation type 0 is configured;
	-	1 bit otherwise.
-	PRB bundling size indicator – 0 bit if the higher layer parameter PRB_bundling=OFF or 1 bit if the higher layer parameter PRB_bundling=ON, as defined in section x.x of [6, TS38.214].
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resource-set.
-	ZP CSI-RS trigger – X bits
For transport block 1: 
-	Modulation and coding scheme – 5 bits as defined in section x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in section x.x of [6, TS38.214]
For transport block 2: 
-	Modulation and coding scheme – 5 bits as defined in section x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in section x.x of [6, TS38.214]
-	HARQ process number – 4 bits
-	Downlink assignment index – number of bits as defined in the following
-	4 bits if the higher layer parameter HARQ-ACK-codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	0 bits otherwise.
-	TPC command for scheduled PUCCH – 2 bits as defined in section x.x of [5, TS38.213]
-	PUCCH resource indicator – 2 bits as defined in section x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in section x.x of [5, TS38.213]
-	Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI is not enabled; otherwise 3 bits as defined in section x.x of [6, TS38.214].
-	SRS request – 2 bits as defined by Table 7.3.1.1.2-5.
-	CBG transmission information –0, 2, 4, 6, or 8 bits as defined in section x.x of [6, TS38.214], determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for the PDSCH.
-	CBG flushing out information –0 or 1 bit as defined in section x.x of [6, TS38.214], determined by higher layer parameter codeBlockGroupFlushIndicator.
-	DMRS sequence initialization – 1 bit if transform precoding is enableddisabled.
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[bookmark: _Ref485257329]Chairman’s notes, RAN1#91
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