3GPP TSG RAN WG1 Meeting #92bis							R1-1805045
Sanya, China, 16th April – 20th April, 2018

Source:	NTT DOCOMO, INC.
Title:	Remaining details on DM-RS
[bookmark: Source]Agenda Item:	7.1.2.3.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, remaining details on DM-RS are discussed.
2. Correction of DM-RS positions with frequency hopping
In clause 6.4.1.1.3 of TS38.211, PUSCH DM-RS positions with frequency hopping is specified. However, if UE is configured higher-layer parameter UL-DMRS-add-pos equals to 1, DMRS positions for some duration of symbols is not specified. So, we propose the following.

Proposal 1:
· For PUSCH DM-RS positions for single-symbol DM-RS and frequency hopping enabled, TS38.211 should be modified as following:
· For PUSCH duration of 4, 5, and 6 symbols with mapping type A, if UE is configured higher-layer parameter UL-DMRS-add-pos equals to 1, DMRS positions are
· l0 for the first hop, and 0 for the second hop.
· For PUSCH duration of less than 5 symbols with mapping type B, if UE is configured higher-layer parameter UL-DMRS-add-pos equals to 1, DMRS positions are
· l0 for the first hop, and 0 for the second hop.

2.1. Text proposal for PUSCH DM-RS positons
Based on the above discussion, we provide the following text proposal of TS. 38.211.
	6.4.1.1.3	Precoding and mapping to physical resources
[…]

Table 6.4.1.1.3-6: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping enabled.
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3. DM-RS design before RRC configuration
In clause 6.2.2 of TS38.214, UE DM-RS transmission procedure for before RRC configuration is specified only for the case without frequency hopping because Table 6.4.1.1.3-3 of TS 38.211 is for the case of without frequency hopping. However, UE DM-RS transmission procedure for before RRC configuration and for the case with frequency hopping should be also specified.
	[bookmark: _Toc501048224][bookmark: _Hlk505673187]6.2.2	UE DM-RS transmission procedure [TS 38.214]
When transmitted PUSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, 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
-	For PUSCH with allocation duration of more than 7 symbols, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration, or
-	For PUSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=1 and one additional DM-RS can be transmitted 
-	For PUSCH with allocation duration of less than 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=0 and not transmit additional DM-RS.
[…]



	6.4.1.1.3	Precoding and mapping to physical resources [TS 38.211]
[…]

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping disabled.
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DM-RS positions 
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Regarding the UL DM-RS design before RRC configuration for the case with frequency hopping, the following design principle should be considered.
· Symbol locations:
· For the case without frequency hopping, DM-RS position is common between before and after RRC configuration. In order to reduce inter-cell interference, the DM-RS position with frequency hopping should be also common between before and after RRC configuration.
· The number of additional DM-RS:
· For the case without frequency hopping and PUSCH duration of greater than 7 symbols, up to two additional DM-RS can be transmitted. In order to maintain robustness for high Doppler shift, additional DM-RS should be also supported also when frequency hopping is enabled. 
· DM-RS position with frequency hopping enabled is specified in subclasses 6.4.1.1.3 of TS. 38.211: one additional DM-RS is supported for PUSCH mapping type A of 7 symbols, and one additional DM-RS is supported for PUSCH mapping type B of more than 4 symbols. The number of additional DM-RS depending on the PUSCH duration should be common between before / after RRC configuration.

Based on the above discussion, we made the following proposal.
Proposal 2:
· UE DM-RS transmission procedure for before RRC configuration in case of frequency hopping enabled should be specified in TS38.214 as following:
· If frequency hopping is enabled, the UE shall assume dmrs-AdditionalPosition = 1, and one additional DM-RS can be transmitted according to PUSCH duration.

Additionally, in TS38.214, UE DM-RS transmission procedure for before RRC configuration without frequency hopping in case of PUSCH mapping type A with allocation duration of equal to or less than 7 symbols is not specified. So, TS38.214 should be modified as following.
Proposal 3:
· For UE DM-RS transmission procedure for before RRC configuration without frequency hopping, the case of PUSCH mapping type A with allocation duration of equal to or less than 7 symbols should be specified in TS38.214 as following:
· For PUSCH with allocation duration with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration.

Following is a text proposal of TS. 38.214.
	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, 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] for frequency hopping disabled and specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled:
If frequency hopping is disabled,
-	For PUSCH with allocation duration with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration 
-	For PUSCH with allocation duration of equal to or more than 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration, or
-	For PUSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=1 and one additional DM-RS can be transmitted 
-	For PUSCH with allocation duration of less than 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=0 and not transmit additional DM-RS.
If frequency hopping is enabled,
-	The UE shall assume dmrs-AdditionalPosition=1 and one additional DM-RS can be transmitted according to PUSCH duration.
[…]



4. PUSCH/PDSCH DM-RS positions
In the last RAN1 meeting, PUSCH/PDSCH DM-RS positions were agreed. However, some the values of one additional DM-RS symbol were still working assumption (WA) and it will be finalized in RAN1#92bis meeting. Considering an advantage of additional DM-RS for high Doppler shift, the value of the one additional DM-RS symbol should be determined. Regarding the symbol location of the one additional DM-RS, we prefer the one additional DM-RS is not located on the last symbol of PUSCH/PDSCH, i.e. DMRS location of 8-symbol PDSCH/PUSCH for PDSCH mapping type A should be 6 (not [7]). It is because the distance between DM-RS symbols and UL-SCH symbols can be closer than the case that one additional DM-RS is located on the last symbol of PUSCH/PDSCH, which would improve the robustness of high Doppler shift. Hence, we propose the following.

Proposal 4:
· For PUSCH/PDSCH DM-RS positions, one additional DM-RS should be supported as following conditions:
· For PUSCH with allocation duration of 8 symbols with mapping type A,
· One additional DM-RS, which is located at 6th symbols (the symbol index starts with 0).
· For PUSCH with allocation duration of 5 symbols with mapping type B,
· One additional DM-RS, which is located at 4th symbols (the symbol index starts with 0).
· For PDSCH with allocation duration of 8 symbols with mapping type A,
· One additional DM-RS, which is located at 6th symbols (the symbol index starts with 0).

4.1	Text proposal for PUSCH DM-RS positons
Based on the above discussion, we provide the following text proposal of TS. 38.211.
	6.4.1.1.3	Precoding and mapping to physical resources
[…]

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping disabled.
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DM-RS positions 
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4.2	Text proposal for PDSCH DMRS positons
Based on the above discussion, we provide the following text proposal of TS. 38.211.

	7.4.1.1.2	Mapping to physical resources
[…]

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
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5. FDM between PUSCH and DM-RS
In the last meeting, there were discussions on multiplexing between PUSCH/PDSCH and DM-RS. Following agreements were reached with FFS points regarding uplink. 
Agreement:
For PDSCH scheduled by PDCCH format 1_0 with CRC scrambled by C-RNTI, or PUSCH scheduled by PDCCH format 0_0 with CRC scrambled by C-RNTI, the following DMRS port is used
· For downlink, DMRS port 1000 is used
· For uplink, DMRS port 0000 is used
· With no data FDMed unless it is 2-symbol PDSCH Type B
· FFS: For the case of data FDMed for uplink, for the case of other RNTIs


6. [bookmark: _GoBack]Conclusion
In this contribution, we discussed remaining details on DM-RS and we proposed the following:

In the scheduling session, there was an agreement to support 1-symbol PUSCH transmission duration for mapping type B. In this case, only one option to enable 1-symbol PUSCH is to allow FDM between PUSCH and DM-RS. It is also the same for the case of PUSCH with frequency hopping with the hop duration of 1 symbol. For the case of “2-symbol PUSCH” or “2-symbol per hop (3/4-symbol PUSCH with frequency hopping)”, when transform precoding on PUSCH is disabled, it seems straightforward to allow the FDM between DMRS and data to align with the downlink design. It is noted that for PUCCH format 2, i.e. one- or two-symbol PUCCH carrying more than 2 bits, UCI data FDMed with DMRS is already supported, there should no UE implementation complexity to support FDMed data with DMRS for PUSCH transmission duration of one or two symbols.  

Proposal 5:
· When transform precoding on PUSCH is disabled, for PUSCH scheduled by DCI format 0_0/0_1 with CRC scrambled by C-RNTI, FDM between PUSCH and DM-RS is allowed for the following cases.
· PUSCH without frequency hopping with the duration of 1 or 2 symbols
· PUSCH with frequency hopping with the duration of the hop of 1 or 2 symbols
· For PUSCH scheduled by DCI format 0_0/0_1 with CRC scrambled by C-RNTI, FDM between PUSCH and DM-RS is NOT allowed for the following cases.
· PUSCH without frequency hopping with the duration of 3 or more symbols
· PUSCH with frequency hopping with the duration of the hop of 3 or more symbols



6. Conclusion
In this contribution, we discussed remaining details on DM-RS, and following proposals were made:
Proposal 1:
· For PUSCH DM-RS positions for single-symbol DM-RS and frequency hopping enabled, TS38.211 should be modified as following:
· For PUSCH duration of 4, 5, and 6 symbols with mapping type A, if UE is configured higher-layer parameter UL-DMRS-add-pos equals to 1, DMRS positions are
· l0 for the first hop, and 0 for the second hop.
· For PUSCH duration of less than 5 symbols with mapping type B, if UE is configured higher-layer parameter UL-DMRS-add-pos equals to 1, DMRS positions are
· l0 for the first hop, and 0 for the second hop.
Proposal 2:
· UE DM-RS transmission procedure for before RRC configuration in case of frequency hopping enabled should be specified in TS38.214 as following:
· If frequency hopping is enabled, the UE shall assume dmrs-AdditionalPosition = 1, and one additional DM-RS can be transmitted according to PUSCH duration.
Proposal 3:
· For UE DM-RS transmission procedure for before RRC configuration without frequency hopping, the case of PUSCH mapping type A with allocation duration of equal to or less than 7 symbols should be specified in TS38.214 as following:
· For PUSCH with allocation duration with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration.
Proposal 4:
· For PUSCH/PDSCH DM-RS positions, one additional DM-RS should be supported as following conditions:
· For PUSCH with allocation duration of 8 symbols with mapping type A,
· One additional DM-RS, which is located at 6th symbols (the symbol index starts with 0).
· For PUSCH with allocation duration of 5 symbols with mapping type B,
· One additional DM-RS, which is located at 4th symbols (the symbol index starts with 0).
· For PDSCH with allocation duration of 8 symbols with mapping type A,
· One additional DM-RS, which is located at 6th symbols (the symbol index starts with 0).
Proposal 5:
· When transform precoding on PUSCH is disabled, for PUSCH scheduled by DCI format 0_0/0_1 with CRC scrambled by C-RNTI, FDM between PUSCH and DM-RS is allowed for the following cases.
· PUSCH without frequency hopping with the duration of 1 or 2 symbols
· PUSCH with frequency hopping with the duration of the hop of 1 or 2 symbols
· For PUSCH scheduled by DCI format 0_0/0_1 with CRC scrambled by C-RNTI, FDM between PUSCH and DM-RS is NOT allowed for the following cases.
· PUSCH without frequency hopping with the duration of 3 or more symbols
· PUSCH with frequency hopping with the duration of the hop of 3 or more symbols
Following is a text proposal of TS. 38.211.
	6.4.1.1.3	Precoding and mapping to physical resources
[…]

Table 6.4.1.1.3-6: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping enabled.
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Following is a text proposal of TS. 38.214.
	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, 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] for frequency hopping disabled and specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled:
If frequency hopping is disabled,
-	For PUSCH with allocation duration with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration 
-	For PUSCH with allocation duration of equal to or more than 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS can be transmitted according to PUSCH duration, or
-	For PUSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=1 and one additional DM-RS can be transmitted 
-	For PUSCH with allocation duration of less than 7 symbols with mapping type B, the UE shall assume dmrs-AdditionalPosition=0 and not transmit additional DM-RS.
If frequency hopping is enabled,
-	The UE shall assume dmrs-AdditionalPosition=1 and one additional DM-RS can be transmitted according to PUSCH duration.
[…]



Following is a text proposal of TS. 38.211.
	6.4.1.1.3	Precoding and mapping to physical resources
[…]

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping disabled.
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Following is a text proposal of TS. 38.211.
	7.4.1.1.2	Mapping to physical resources
[…]

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
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