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1
Introduction
A series of specifications have been endorsed as the first NR specification during RAN #78 meeting[1], but there are still several missing points and errors to be corrected. In this contribution, we provided the comments and corrections on the DM-RS design in the endoesed TS38.211[2], TS38.212[3] and TS38.214[4].
2
CRs in TS38.211 
In this section, we provide our comments on the following, and several editorial comments. 
· Clarification of scrambling identity, and mostly reuse LTE text as much.

· Update with missing part about cyclic shift for DM-RS for DFT-s-OFDM

· Definition of cyclic shift

· Antenna port table including cyclic shift

· Update with description of DM-RS scaling factor

================================= Text Proposal ===============================
5.2.2
Low-PAPR sequence generation

The sequence 
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< Unchanged parts are omitted >
6.4.1.1
Demodulation reference signal for PUSCH
6.4.1.1.1
Sequence generation

If transform precoding for PUSCH is not enabled, the reference-signal sequence 
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where the pseudo-random sequence 
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 is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
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where 
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 is the OFDM symbol number within the slot and
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The value of 
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  is zero unless specified otherwise. 
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 is indicated by the DMRS scrambling identity field in the DCI format 0_1 in 3GPP TS 38.212 [X] associated with the PDSCH transmission

If transform precoding for PUSCH is enabled, the reference-signal sequence 
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where 
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The cyclic shift 
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 is given by Table 6.4.1.1.3-X.
6.4.1.1.2
Precoding

The reference-signal sequence 
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where the precoding matrix 
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  and the set of antenna ports 
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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 assume the sequence 
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 to conform with the transmission power specified in [TS38.214] and mapped
 to physical resource elements according to

-
if transform precoding is not enabled, 
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-
if transform precoding is enabled
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where 
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 are given by Tables 6.4.1.1.3-1 , 6.4.1.1.3-2 and 6.4.1.1.3-X and the following conditions are fulfilled:

-
the resource elements are within the common resource blocks allocated for PUSCH transmission

The reference point for 
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 is subcarrier 0 in common resource block 0.

The reference point for 
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 and the position 
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 of the first DM-RS symbol depends on the mapping type:

-
for PUSCH mapping type A: 

-
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 is defined relative to the start of the slot

-
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-
for PUSCH mapping type B: 

-
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 is defined relative to the start of the scheduled PUSCH resources

-
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The position(s) of the DM-RS symbols is given by 
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 and the duration of the PUSCH transmission in symbols according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. The case UL-DMRS-add-pos equal to 3 is only supported when UL-DMRS-typeA-pos  is equal to 2.
The time-domain index 
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  and the supported antenna ports 
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 are given by Table 6.4.1.1.2-5. In Tables 6.4.1.1.2-3 through 6.4.1.1.2-5:

-
if the higher-layer parameter UL-DMRS-max-len is equal to 1, the tables shall be used according to single-symbol DM-RS

-
if the higher-layer parameter UL-DMRS-max-len is equal to 2, the associated DCI determines whether single-symbol or double-symbol DM-RS shall be used.
Table 6.4.1.1.3-X: Parameters for PUSCH DM-RS configuration type 1, PUSCH-tp=Enabled,.
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	1000
	0
	0
	0
	+1
	+1

	1001
	0
	0
	6
	+1
	+1

	1002
	1
	1
	0
	+1
	+1

	1003
	1
	1
	6
	+1
	+1

	1004
	0
	0
	0
	+1
	-1

	1005
	0
	0
	6
	+1
	-1

	1006
	1
	1
	0
	+1
	-1

	1007
	1
	1
	6
	+1
	-1


Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1, PUSCH-tp=Disabled,
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1


Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1


Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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 for single-symbol DM-RS.
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Table 6.4.1.1.3-4: PUSCH DM-RS positions 
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 for double-symbol DM-RS.

	PUSCH duration in symbols
	DM-RS positions 
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Table 6.4.1.1.2-5: PUSCH DM-RS time index 
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	DM-RS duration
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	Supported antenna ports 
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	Configuration type 1
	Configuration type 2

	single-symbol DM-RS
	0
	1000 – 1003
	1000 – 1005

	double-symbol DM-RS
	0, 1
	1000 – 1007
	1000 – 1011


< Unchanged parts are omitted >
7.4.1.1
Demodulation reference signals for PDSCH

7.4.1.1.1
Sequence generation

The UE shall assume the reference-signal sequence 
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where the pseudo-random sequence 
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 is defined in clause 5.2. The pseudo-random sequence generator shall be initialized with
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where 
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 is the OFDM symbol number within the slot and
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 otherwise
The value of 
[image: image120.wmf]SCID

n

  is zero unless specified otherwise. 
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 is indicated by the DMRS scrambling identity field in the DCI format 1_1 in 3GPP TS 38.212 [X] associated with the PDSCH transmission.
7.4.1.1.2
Mapping to physical resources

The UE shall assume the PDSCH DM-RS being mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter DL-DMRS-config-type.

The UE shall assume the sequence 
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 to conform with the transmission power specified in [TS38.214] and mapped to physical resource elements according to
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where 
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 are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:

-
the resource elements are within the common resource blocks allocated for PDSCH transmission

< Unchanged parts are omitted >
3
CRs in TS38.212

In this section, we provide our comments on the following, and several editorial comments. 

· Clarification of change DMRS initialization into DMRS scrambling identity which is the term of LTE, and correction on the condition determining the number of bit for DMRS scrambling identity.

================================= Text Proposal ===============================
7.3.1.1.2
Format 0_1
< Unchanged parts are omitted >
-
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, UL-DMRS-config-type=1, and UL-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, UL-DMRS-config-type=1, and UL-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, UL-DMRS-config-type=2, and UL-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, UL-DMRS-config-type=2, and UL-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.
-
< Unchanged parts are omitted >
-
DMRS scrambling identity – 1 if the higher layer parameter PUSCH-tp=Disabled or 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..
< Unchanged parts are omitted >
Editorial Correction
Change all DL-DMRS-config-type and DL-DMRS-max-len by UL-DMRS-config-type and UL-DMRS-max-len in the titles of Table 7.3.1.1.2-8 ~ 23

7.3.1.2.2
Format 1_1
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 

< Unchanged parts are omitted >
-
DMRS scrambling identity – 1 bit as defined in Subclause 7.4.1.1 of [X, TS38.211] 
4
CRs in TS38.214

In this section, we provide our comments on the following, and several editorial comments. 

· Power scaling factor (
[image: image128.wmf]DMRS

b

): Update with the same terminology used in TS38.211

· Procedure to map layers to antenna ports scheduled by DCI

· Correction on additional DM-RS transmission

· Description of starting position of DMRS sequence for PDSCH other other than RMSI

· Description on determining the number and the location of additional DMRS with the tables in TS38.211/

================================= Text Proposal ===============================
4.1
Power allocation for downlink 

< Unchanged parts are omitted >
For downlink DM-RS with PDSCH, the UE may assume the ratio of NR- PDSCH EPRE to DM-RS EPRE (
[image: image129.wmf]DMRS
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[dB]) and DMRS scaling factor 
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 are given by 
Table 4.1-1 according to the number of DM-RS CDM groups without data as defined in [5, TS 38.212] used signalled by DCI. 

Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE(
[image: image132.wmf]DMRS

r

)
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB


< Unchanged parts are omitted >
5.1.1
Transmission schemes

5.1.1.1
Transmission scheme 1

For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports [1000-1011] as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For the multi-user MIMO transmission of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 4 layers on antenna ports as defined in Subclause 7.3.1.4 of [4, TS 38.211 [4].

The used antenna ports for PDSCH is derived by Antenna port field from the DCI. 

· If UE is scheduled with DCI format 1_0, the UE shall assume the antenna port 1000 is used for the PDSCH. 

· If UE is scheduled with DCI format 1_1, the UE shall assume that each precoded data symbols are sequentially mapped into the DMRS port(s) listed in the corresponding row indicated by the Antenna port filed in Subclauses 7.3.1.2.2 of [5. TS38.212]
< Unchanged parts are omitted >
5.1.6.2
DM-RS reception procedure

When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI and or TC-RNTI, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and in addition

-
For PDSCH with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS present in a slot as defined in Subclause 7.4.1.1 of [4, TS 38.211] if within the PDSCH allocation duration, and

-
For PDSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume one additional DM-RS present in the 5th symbol of the PDSCH allocation, and

-
For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that additional DM-RS is not present, and  

-
For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that additional DM-RS is not present.  

If a UE is configured with the higher-layer parameter dmrs-Type, the configured DM-RS configuration type is used for transmitting PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211], otherwise the UE shall use the single symbol DM-RS with DM-RS configuration type 1 for receiving PDSCH as defined in Table 7.4.1.1.2-1 from [4, TS 38.211].

A UE may be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher layer parameter DL-DMRS-max-len.

-
if DL-DMRS-max-len is equal to 1, single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0, 1, 2 or 3. 

-
if DL-DMRS-max-len equal to 2, both single-symbol DM-RS and double symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0 or 1.
For PDSCH with allocation duration of 2 or 4 symbols with mapping type B, only single symbol front-loaded DM-RS can be transmitted, otherwise, both single symbol and double symbol front-loaded DM-RS can be transmitted. 

For PDSCH with allocation duration of 2 or 4 symbols with mapping type B, the UE is not expected to receive additional DM-RS. 

For PDSCH with allocation duration of 7 symbols with mapping type B, one additional DM-RS can be transmitted. 

For PDSCH with mapping type A, up to 3 single-symbol additional DM-RS or one double symbol additional DM-RS can be transmitted. 
If a UE is configured with a number of additional DM-RS and PDSCH is scheduled to be received, the actual number of additional DM-RS and the location of each DM-RS are determined by the duration of PDSCH transmission as described in Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4 of [4, TS38.211].
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are quasi co-located (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters.

A UE can be configured with one or two scrambling identity(s), 
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, by higher layers for UE-specific reference signal generation as defined in Subclause [7.4.1.1 of [4, TS 38.211]] to decode PDSCH. 

[A UE shall assume that DM-RS sequence for PDSCH scheduled by PDCCH with CRC scrambled by [SI-RNTI] is started from the lowest PRB of CORSET signalled in PBCH, and DM-RS sequence for PDSCH is started from the reference point A of the corresponding PDSCH otherwise.

< Unchanged parts are omitted >
6.1.1.3
UE procedures for determining transmission antenna port(s) 
A set of antenna ports based on Antenna port field from the DCI is used for transmission of PUSCH. The UE shall sequentially map each precoded data symbol into the antenna ports corresponding to the DMRS port(s) listed in the table indicated by Antenna port filed in Subclaus 7.3.1.1.2 of [5, TS38.212].
6.2.2
UE DM-RS transmission procedure
< Unchanged parts are omitted >
A UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter UL-DMRS-max-len.

-
if UL-DMRS-max-len is equal to 1, single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0, 1, 2 or 3. 

-
if UL-DMRS-max-len is equal to 2, both single-symbol DM-RS and double symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0 or 1.

For PUSCH with allocation duration of 2 or 4 symbols with mapping type B, only single symbol front-loaded DM-RS can be transmitted, otherwise, both single symbol and double symbol front-loaded DM-RS can be transmitted. 

For PUSCH with allocation duration of 2 or 4 symbols with mapping type B, the UE shall not transmit additional DM-RS. 

For PUSCH with allocation duration of 7 symbols with mapping type B, one additional DM-RS can be transmitted. 

For PUSCH with mapping type A, up to 3 single symbol additional DM-RS or one double symbol additional DM-RS can be transmitted. 
If a UE is configured with a number of additional DM-RS and PUSCH is scheduled to be received, the actual number of additional DM-RS and the location of each DM-RS are determined by the duration of PUSCH transmission as described in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 of [4, TS38.211].
A UE can be configured with one or two scrambling identity(s), 
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  =0 or 1, by higher layers for UE-specific reference signal generation as defined in Subclause [6.4.1.1 of [4, TS 38.211]] for transmitting PUSCH. 

A UE shall assume that DM-RS sequence for PUSCH is started from the reference point A of the corresponding PUSCH.

A UE may be scheduled with a set of DM-RS ports by the antenna port index in DCI format 0_1 as described in Subclause 7.3.1.1 of [5, TS 38.212]. 

The UE is not expected to simultaneously be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter UL-DMRS-max-len equal to 2 and more than one additional DM-RS symbol as given by the higher layer parameter dmrs-AdditionalPosition. 
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