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1. Introduction
In RAN1 #92 meeting, the following agreements were made with respect to DMRS location [1]:

Agreements:
· Text proposal for Tables 6.4.1.1.3-3, 6.4.1.1.3-4, 7.4.1.1.2-1, and 7.4.1.1.2-2 in TS38.211:

· 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 
[image: image95.wmf]l

 for double-symbol DM-RS.
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· Table 7.4.1.1.2-3: PDSCH DM-RS positions 
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· Table 7.4.1.1.2-4: PDSCH DM-RS positions 
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Note: Some DMRS pattern(s) with no additional DMRS but configured with UL/DL add_pos larger than 0 in the above table might not have sufficient performance in high mobility scenarios  (ex:  Table 6.4.1.1.3-3, 7 symbol case) 

Note: All remaining details of the above tables will be finalized in RAN1#92bis.

In this contribution, we provide our views on remaining issues for DMRS configuration of PUSCH/PDSCH scheduled by fallback DCI, DMRS location in last PUSCH/PDSCH symbol and power imbalance issue based on [1]-[5].

2. Discussion

2.1. DMRS configuration for fallback DCI

In current 38.212 specification, when a PUSCH is scheduled by DCI format 0_1, the ‘antenna ports’ field can dynamically indicate DMRS port(s), the number of DMRS CDM group(s) and number of front-loaded DMRS symbol, while the ‘DMRS sequence initialization’ field can dynamically indicate DMRS scrambling ID. Similar to a PUSCH is scheduled by DCI format 0_1, same indication methods also apply to a PDSCH when it is scheduled by DCI format 1_1. However, if a PUSCH was scheduled by DCI format 0_0 or a PDSCH was scheduled by DCI format 1_0, there would be no ‘antenna ports’ and ‘DMRS sequence initializaiton’ fields. This may lead to ambiguous when a UE is scheduled by fallback DCI. DMRS related parameters configuration should be further clarified to support a PUSCH/PDSCH transmission which is scheduled by fallback DCI. 
When DMRS parameters were not explicitly configured by higher layer and a PUSCH/PDSCH of a UE was scheduled by fallback DCI, a simple way is the UE would assume same DMRS configuration as broadcast/multicast/unicast PUSCH/PDSCH is transmitted. However, it is more complicated for this issue after RRC configuration.
When DMRS parameters were explicitly configured by higher layer and a CP-OFDM PUSCH/PDSCH of a UE was scheduled by fallback DCI, a proper way is the UE would assume DMRS port 1000, the number of DMRS CDM group is 1 and DMRS scrambling ID 0 are transmitted. While if a DFT-s-OFDM PUSCH of a UE was scheduled by fallback DCI, the UE would assume DMRS port 1000 and the number of DMRS CDM group is 2 are transmitted. For all those remaing DMRS parameters, they can be based on higher layer configuration.
Proposal 1:
· Before RRC configuration, if a PUSCH/PDSCH of a UE is scheduled by DCI format 0_0/1_0 respectively, the UE shall assume same DMRS configuration as broadcast/multicast/unicast PUSCH/PDSCH transmission.
· After RRC configuration, if a PUSCH of a UE is scheduled by DCI format 0_0 and
· if transform precoding is disabled, the UE shall assume DMRS port 1000, the number of DMRS CDM group is 1 and DMRS scrambling ID 0 are transmitted.
· if transform precoding is enabled, the UE would assume DMRS port 1000 and the number of DMRS CDM group is 2 are transmitted.
· After RRC configuration, if a PDSCH of a UE was scheduled by DCI format 1_0, the UE would assume DMRS port 1000, the number of DMRS CDM group is 1 and DMRS scrambling ID 0 are transmitted.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
5.1.6.2
DM-RS reception procedure
When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, or when receiving PDSCH scheduled by PDCCH DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI and receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition

…
When receiving PDSCH scheduled by PDCCH DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI,
-
the UE may be configured with the higher layer parameter dmrs-Type, and the configured DM-RS configuration type is used for receiving PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211].

-
the 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, 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.

-
and the UE shall assume to receive additional DM-RS as specified in Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4 as described in Subclause 7.4.1.1.2 of [4, TS 38.211].
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 1 and scrambling identity is equal to 0.
When receiving PDSCH scheduled by PDCCH DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI,

…
6.2.2
UE DM-RS transmission procedure
When transmitted PUSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, or when transmitted PUSCH is scheduled by PDCCH DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI and transmitted PUSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211], and

…
When transmitting PUSCH scheduled by PDCCH DCI format 0_0 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, 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].
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 1 and scrambling identity is equal to 0 if transform precoding is disabled.
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 2 and scrambling identity is equal to 0 if transform precoding is enabled.
When transmitting PUSCH scheduled by PDCCH DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI, 
…
--------------------------------------------------------End text proposal----------------------------------------------------------
2.2. DMRS location
For PUSCH mapping type A with 8 symbols duration and for PUSCH mapping type B with 5 symbols duration, if DMRS position in the last symbol was agreed, it might cause DMRS performance lose in the case of consecutive uplink transmission in large subcarrier space scenario with power changing. Based on current 38.101 specification, UE transient period is 10usec for below 6GHz, UE transient period is 5usec for above 24GHz. When PUSCH and SRS are consecutive transmitted with power changing as depicted in figure 1, transient period of a UE shall fell into PUSCH duration, the transient period ratio in last PUSCH symbol for different SCS are shown in below table 1. From the table, if consecutive PUSCH and SRS are transmitted with power changing and DMRS is located at the last symbol of PUSCH, almost 56% percent of DMRS symbol would be affected in the case of 120 KHz SCS. Not only for consecutive PUSCH and SRS transmission, for consecutive PUSCH and PUSCH, PUSCH and PUCCH transmission with power changing also have same issue.

[image: image221.emf]DMRS SRS

DMRS symbol SRS symbol
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Figure1 Uplink transient period for consecutive PUSCH and SRS transmission with power changing
Table 1 Uplink transient period for different SCS
	Numerology
	SCS(KHz)
	Symbol length(usec)
	Transient period(usec)
	Transient period ratio

	0
	15
	71.43
	10
	~14%

	1
	30
	35.71
	10
	~28%

	2
	60
	17.85
	10
	~56%

	3
	120
	8.93
	5
	~56%


Additionally, it was agreed UL and DL DMRS symmetric design should be supported, which means PDSCH DMRS may also be located at the last symbol. In the case of a PDSCH and uplink channel/reference signal consecutive transmission within a self-contain slot, there may no time left for UE processing.
According to all above discussion, both UE transient period and processing time should be taken into account when PUSCH and PDSCH DMRS are located at the last symbol. Although more than one additional DMRS should be configured to improve DMRS performance in high speed scenario, it may lead to DMRS performance loss when DMRS is located at the last symbol. As most of company would not like introduce new DMRS pattern, only keep front-loaded DMRS for PUSCH/PDSCH mapping type A with 8 symbols duration and PUSCH mapping type B with 5 symbols duration seems a secure way.
Proposal 2:
· For PUSCH mapping type A with 8 symbols duration and PUSCH mapping type B with 5 symbols duration, no additional DMRS is supported.
· For PDSCH mapping type A with 8 symbols duration, no additional DMRS is supported.
3. Conclusion

In this contribution, remaining issues on DMRS are mainly discussed with the following proposals and text proposals:

Proposal 1:
· Before RRC configuration, if a PUSCH/PDSCH of a UE is scheduled by DCI format 0_0/1_0 respectively, the UE shall assume same DMRS configuration as broadcast/multicast/unicast PUSCH/PDSCH transmission.
· After RRC configuration, if a PUSCH of a UE is scheduled by DCI format 0_0 and
· if transform precoding is disabled, the UE shall assume DMRS port 1000, the number of DMRS CDM group is 1 and DMRS scrambling ID 0 are transmitted.
· if transform precoding is enabled, the UE would assume DMRS port 1000 and the number of DMRS CDM group is 2 are transmitted.
· After RRC configuration, if a PDSCH of a UE was scheduled by DCI format 1_0, the UE would assume DMRS port 1000, the number of DMRS CDM group is 1 and DMRS scrambling ID 0 are transmitted.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
5.1.6.2
DM-RS reception procedure
When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, or when receiving PDSCH scheduled by PDCCH DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI and receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition

…
When receiving PDSCH scheduled by PDCCH DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI,
-
the UE may be configured with the higher layer parameter dmrs-Type, and the configured DM-RS configuration type is used for receiving PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211].

-
the 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, 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.

-
and the UE shall assume to receive additional DM-RS as specified in Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4 as described in Subclause 7.4.1.1.2 of [4, TS 38.211].
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 1 and scrambling identity is equal to 0.

When receiving PDSCH scheduled by PDCCH DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI,

…
6.2.2
UE DM-RS transmission procedure
When transmitted PUSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, or when transmitted PUSCH is scheduled by PDCCH DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI and transmitted PUSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211], and

…
When transmitting PUSCH scheduled by PDCCH DCI format 0_0 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, 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].
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 1 and scrambling identity is equal to 0 if transform precoding is disabled.
-
the UE shall assume DMRS port is 1000, the number of DMRS CDM group is 2 and scrambling identity is equal to 0 if transform precoding is enabled.
When transmitting PUSCH scheduled by PDCCH DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI, 
…
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 2:
· For PUSCH mapping type A with 8 symbols duration and PUSCH mapping type B with 5 symbols duration, no additional DMRS is supported.
· For PDSCH mapping type A with 8 symbols duration, no additional DMRS is supported.
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