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1
Introduction
Several updates are necessary for the latest L1 specifications to be stable even after RAN1 Ad-hoc #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[1] and TS38.214[2].
2
Remaining details on the position of additional DM-RS 
Issue 1: 
additional DM-RS patterns for PUSCH mapping type B with the duration larger than 12 symbols.
Agreements:

For PUSCH

· PUSCH mapping type A:

· Starting symbol is symbol index #0 in a slot.

· Length of the PUSCH is at least Y symbols, up to 14 symbols

· FFS the value of Y

· PUSCH mapping type B (All 105 combinations)

· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.

Different from PDSCH mapping, for PUSCH mapping, both mapping type A and B can have the length upto 14 symbols. At the initial phase, we have agreed to have two different types of positioning for front-loaded DMRS. This is why we should consider bi-directional slot and UL only slot. Figure 1 shows the example of such cases.

[image: image1.emf]
Figure 1. two types of front-loaded DM-RS for PUSCH
In fact, the original motivation is to make symbol-level alignement for DM-RS in DL and UL, but during the discussion the design concept has been changed. Though PUSCH mapping type B was introduced to cover mini-slot originally, now it has extended to normal PUSCH mapping case, and it is very difficult to explain the different use cases for each mapping type. As you see in the bottom figures, if the PUSCH duration is less than 13 symbols, there is no difference between type A and type B. 
In addition, considering the case that 3 additional DM-RS is configured and 13 or 14 symbols with mapping type B are scheduled, then there is some performance loss to support very high-speed. Figure 2 shows the link simulation result with 4 DM-RS symbols with 14 symbols comparing {2,5,8,11} and {0,3,6,9}.
Regarding to DL/UL symbol level alignment, with the symbol length 14, it is not likely be used with TDD deployment, and there are several considerations such as timing advance, TAoffset etc. Thus, to fix l0 as a certain value e.g. l0=2 doesn’t make big problem. 
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Figure 2. Link simulation result on BLER with different DMRS positions.
Thus we are proposing to remove the mapping type for PUSCH, and merge them into single table as proposed below. 
The principles of the integration are

· Use patterns from mapping type B upto 12 symbol PUSCH duration

· Use patterns from mapping type A for 13 and 14 symbol PUSCH duration

· Fix l0 = 2 without consideration of DL_typeA_pos
· Define the table only relavant to PUSCH duration in symbols
Proposal 1: For PUSCH DM-RS position, remove the mapping type for PUSCH, and merge them into single table as proposed with the following principles. (Proposed table is shown end of this section)
· Use patterns from mapping type B upto 12 symbol PUSCH duration

· Use patterns from mapping type A for 13 and 14 symbol PUSCH duration

· Fix l0 = 2 without consideration of DL_typeA_pos

· Define the table only relavant to PUSCH duration in symbols
Issue 2:
DMRS locations for PDSCH/PUSCH smaller than the current specified durations
During the Vancouver meeting, we haven’t made a conclusion on the UE assumption if the scheduled PDSCH/PUSCH bandwidth is smaller than the current specified durations. Based on the summary of the moderator, we can list up the following three alternatives. Though there is another proposal to puncture DMRS outside in the duration, it has some risk to remain many symbols to be outerpolated.
· Alt. 1: The UE does not expect to be scheduled a duration of PDSCH/PUSCH less than minimum supported value specified for the the higher layer parameters for the number of additional DMRS.
· Alt. 2: If the UE has been configured with DL/UL-DMRS-add-pos = X, the UE can expect that the minimum PDSCH/PUSCH duration is the minimum supported PDSCH/PUSCH duration defined for DL/UL-DMRS-add-pos=X-1. If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value specified for the semi-statically configured DL-DMRS-add-pos X, the number of DMRS for DL/UL-DMRS-add-pos=X-1 is transmitted on the specified location.
· Alt. 3: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.
· Alt. 4: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos, the DMRS(s) outside the duration shall be punctured.

Though Alt 1 and Alt 2 can gurantee the small changes in UE operation point of view, it restrict gNB scheduling flexibility. In addition, we have already made agreement to use type A and type B having different patterns dynamically.

So, by adopting Alt. 3 and Alt. 4, , network can have enough flexibility especially to configure various DL/UL control channels with various purposes and periods. Alt. 4 is preferable because it doesn’t bring change of DMRS position without big performance degradation.
Proposal 2: Adopt alternative 4 to resolve the issue on DMRS locations for PDSCH/PUSCH smaller than the current specified durations. 
Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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	 PUSCH duration in symbols
	DM-RS positions 
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	Single-symbol DM-RS
	Double-symbol DM-RS

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1

	1
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0, 3
	0, 3
	0
	0

	5
	0
	0, 4
	0, 3
	0, 3
	0
	0

	6
	0
	0, 4
	0, 3
	0, 3
	0
	0, 5

	7
	0
	0, 4
	0, 3, 6
	0, 3
	0
	0, 5

	8
	0
	0, 6
	0, 3, 6
	0, 3, 6
	0
	0, 5

	9
	0
	0, 6
	0, 3, 6
	0, 3, 6
	0
	0, 5

	10
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9
	0
	0, 7

	11
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9
	0
	0, 7

	12
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9
	0
	0, 9

	13
	2
	2, 11
	2, 7, 11
	2, 5, 8, 11
	2
	2, 10

	14
	2
	2, 11
	2, 7, 11
	2, 5, 8, 11
	2
	2, 10


================================= Text Proposal ===============================
6.4.1.1.3
Mapping to physical resources
< Unchanged parts are omitted >













The position(s) of the DM-RS symbols is given by 
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 and the signalled duration of scheduled PUSCH resources according to Tables 6.4.1.1.3-3. 
The time-domain index 
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 and the supported antenna ports 
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 are given by Tables 6.4.1.1.3-3 and 6.4.1.1.3-4:

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

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	1
	+1
	+1
	+1
	+1

	3
	1
	1
	+1
	-1
	+1
	+1

	4
	0
	0
	+1
	+1
	+1
	-1

	5
	0
	0
	+1
	-1
	+1
	-1

	6
	1
	1
	+1
	+1
	+1
	-1

	7
	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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	0
	0
	0
	+1
	+1
	+1
	+1

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	2
	+1
	+1
	+1
	+1

	3
	1
	2
	+1
	-1
	+1
	+1

	4
	2
	4
	+1
	+1
	+1
	+1

	5
	2
	4
	+1
	-1
	+1
	+1

	6
	0
	0
	+1
	+1
	+1
	-1

	7
	0
	0
	+1
	-1
	+1
	-1

	8
	1
	2
	+1
	+1
	+1
	-1

	9
	1
	2
	+1
	-1
	+1
	-1

	10
	2
	4
	+1
	+1
	+1
	-1

	11
	2
	4
	+1
	-1
	+1
	-1


Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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	PUSCH duration in symbols
	DM-RS positions 
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	Single-symbol DM-RS
	Double-symbol DM-RS

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1

	1
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0, 3
	0, 3
	0
	0

	5
	0
	0, 4
	0, 3
	0, 3
	0
	0

	6
	0
	0, 4
	0, 3
	0, 3
	0
	0, 5

	7
	0
	0, 4
	0, 3, 6
	0, 3
	0
	0, 5

	8
	0
	0, 6
	0, 3, 6
	0, 3, 6
	0
	0, 5

	9
	0
	0, 6
	0, 3, 6
	0, 3, 6
	0
	0, 5

	10
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9
	0
	0, 7

	11
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9
	0
	0, 7

	12
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9
	0
	0, 9

	13
	2
	2, 11
	2, 7, 11
	2, 5, 8, 11
	2
	2, 10

	14
	2
	2, 11
	2, 7, 11
	2, 5, 8, 11
	2
	2, 10




	
	


	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	

	

	
	
	
	
	
	

	
	

	

	

	
	
	
	
	

	
	

	

	

	
	
	
	
	

	
	

	

	

	

	
	
	
	

	
	

	

	

	

	
	
	
	

	
	

	

	

	

	
	
	
	




	
	


	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	

	
	

	

	
	
	
	
	
	

	
	

	

	
	
	
	
	
	

	
	

	

	
	
	
	
	
	

	
	

	

	
	
	
	
	
	

	
	

	

	
	
	
	
	
	


Table 6.4.1.1.3-4: 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
	0 – 3
	0 – 5

	double-symbol DM-RS
	0, 1
	0 – 7
	0 – 11


7.4.1.1.2
Mapping to physical resources

< Unchanged parts are omitted >
Table 7.4.1.1.2-3: PDSCH DM-RS positions 
[image: image76.wmf]l

 for single-symbol DM-RS.

	PDSCH duration in symbols
	DM-RS positions 
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	PDSCH mapping type A
	PDSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
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Table 7.4.1.1.2-4: PDSCH DM-RS positions 
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 for double-symbol DM-RS.

	PDSCH duration in symbols
	DM-RS positions 
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	PDSCH mapping type A
	PDSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	0
	1
	2

	<8
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< Unchanged parts are omitted >
3
Multiple DM-RS sequence support
In NR, we have agreed to restrict the usage of nSCID only available multiple IDs are configured. In NR, because we don’t allow to use TD-OCC with higher phase noise condition, there is some limitation to increase the MU-MIMO capability. During the DM-RS discussion, we have proposed to define comb-4 pattern to have the capability to support upto 8 DMRS ports, it has not been agreed based on the proposal of using quisi-orthogonal ports with different sequences. Though UE can be configured with the same 
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, by just allowing nSCID to be {0 or 1} without configuring multiple sequence, we can simply utilize the multiple DMRS ports for common use cases. 
Proposal 3: Allow nSCID to be {0 or 1} regardless of configuring multiple sequences. 
In addition, one clarification on 
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 is necessary, because 
[image: image153.wmf]SCID

ID

n

N

is applied only for the PDSCH/PUSCH dedicated to the UE. So, we propose to update add some clarification, that 
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 for specifically for PDSCH/PUSCH scheduled by PDCCH CRC scrambled by C-RNTI or CS-RNTI.

Proposal 4: if 
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 configured, it is only applied to the dedicated PDSCH/PUSCH transmission scheduled by PDCCH CRC scrambled by C-RNTI or CS-RNTI. 
================================= Text Proposal ===============================
6.4.1.1
Demodulation reference signal for PUSCH
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 
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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, 
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, is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided, and PUSCH is schedeuled by PDCCH CRC scrambled by C-RNTI or CS-RNTI.
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 is indicated by the DMRS sequence initialization field in the DCI Format 0_1 in 3GPP TS 38.212 [X] associated with the PUSCH transmission. The value of 
[image: image168.wmf]SCID

n

  is zero if not provided.
< 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 sequence 
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where the pseudo-random sequence 
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where 
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 is the OFDM symbol number within the slot, 
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 is indicated by the DMRS sequence initialization field in the DCI Format 1_1 in 3GPP TS 38.212 [X] associated with the PDSCH transmission. The value of 
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< Unchanged parts are omitted >
----------------------------------------------------------------------------------------------------------
3
Further CRs in TS38.211

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

· Clarification of antenna ports definition

· Clarification of layer to DMRS antenna port mapping

================================= Text Proposal ===============================

6.2
Physical resources
The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined in Clause 4.
The following antenna ports are defined for the uplink:

-
Antenna ports starting with 0 for PUSCH 
-
Antenna ports starting with 1000 for demodulation reference signals for PUSCH
-
Antenna ports starting with 2000 for SRS

-
Antenna ports starting with 3000 for PUCCH

-
Antenna port 4000 for PRACH

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

6.4.1.1.1.1
Sequence generation when transform precoding is disabled
< Unchanged parts are omitted >
The reference signal sequence 
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 are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2;
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the set of antenna ports 
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< Unchanged parts are omitted >
6.4.1.1.2
Precoding

The reference-signal sequence
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where 

-
the precoding matrix 
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 is given by clause 6.3.1.5, –

-
the set of antenna ports 
[image: image196.wmf]{

}

1

,...,

0

-

r

p

p

 is given by clause 6.3.1.5, and 

-
the set of antenna ports 
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 is given by the DMRS port(s) listed in the table indicated by Antenna port field in Subclaus 7.3.1.1.2 of [4, TS38.212] corresponding to listed order.
7.3.1.4
Antenna port mapping

The block of vectors 
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 are sequentially correspond to the DMRS port(s) listed in the table indicated by Antenna port field in Subclaus 7.3.1.2.2 of [4, TS38.212].
 

================================================================================
4
DM-RS restrictions related to PT-RS 

Though we have agreed to avoid TD-OCC for multiplexing DM-RS port when PT-RS is enabled, there is the case that simulataneous use is necessary. 
For example, in UL, PT-RS is beneficial to estimate CFO rather than UL additional DM-RS in some cases. 
Large number of MU-MIMO UEs with 1 or 2 layer(s) are likely to be used in UL rather than DL. But, for the purpose of CFO estimation, we should use two symbol DMRS with 1 additional DM-RS always (4 DM-RS symbols total), and this should be a serious overhead. And, if PUSCH duration is smaller than 7 symbol, gNB cannot have RS for CFO estimation. 

Therefore, in UL, PT-RS is beneficial to estimate CFO instead of configuring 4 DM-RS symbols.

The main motivation of the agreed restriction is more relavant to UE receiver, or DL, and not to target to UL.

Thus, we are proposing to remove the restriction in UL.

Proposal 5: Remove DM-RS port restrictions in UL when PT-RS is configured. (Proposed text in section 5)
5
further CRs in TS38.214

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

· Procedure to map layers to antenna ports scheduled by DCI

· Remove DM-RS restriction when PT-RS is transmitted.
================================= Text Proposal ===============================
6.2.2
UE DM-RS transmission procedure

< Unchanged parts are omitted >
When transmitting PUSCH scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, 
·  the UE may be configured with higher-layer parameter dmrs-Type, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Subclause 6.4.1.1 of [4, TS 38.211].
-
the 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 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.
-
and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Subclause 6.4.1.1.3 of [4, TS 38.211

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].


If frequency hopping flag as defined in Subclause 7.3.1.1.2 of [5, TS 38.212] is enabled for PUSCH, the UE shall transmit either one single-symbol front-load DM-RS symbol when the higher layer parameters UL-DMRS-add-pos=0 in each hop, otherwise single-symbol front-load DM-RS symbol with one single-symbol additional DM-RS symbol in the 5th symbol with respect to the front-load DMRS symbol in each hop if within the PUSCH allocation of each hop.

If transform precoding is not enabled, the reference point for 
[image: image205.wmf]k

 is subcarrier 0 in common resource block 0, otherwise the subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.

A UE shall assume the DM-RS CDM groups indicated in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 of Subclause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where “1”, “2” and “3” for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively.

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE (
[image: image206.wmf]DMRS

1

b

[dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data as signalled by DCI [5, TS 38.212]. 

Table 6.2.2-1: The ratio of PUSCH EPRE to DM-RS EPRE

	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 >
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].
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�No need for defining per lambda, because no overlapping in REs across different lambda. 


�No difference w/wo� summation. Keep it as simpler.
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