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Introduction
[bookmark: _Ref378529477]In this contribution, we provide text proposals related to the DMRS sections in 38.211 [2] and 38.214 [1].
RRC parameters for DFT-S-OFDM DMRS
[bookmark: _Hlk503525651]The following parameters are used for sequence and group hopping:
	Parameter name in specification

	Description
	Value range
	Default value
	UE specific/Cell specific

	Group-hopping-enabled-Transform-precoding
	Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. For DFT-s-OFDM DMRS
	Boolean
	
	Cell specific

	Disable-sequence-group-hopping-Transform-precoding
	Sequence-group hopping for PUSCH can be disabled for a certain UE despite being enabled on a cell basis. For DFT-s-OFDM DMRS
	TRUE/FALSE
	NA
	UE specific

	Sequence-hopping-enabled-Transform-precoding
	Determines if sequence hopping is enabled or not. . For DFT-s-OFDM DMRS
	Boolean
	NA
	UE specific


For simplicity, we could combine all these to one RRC parameter that takes the values 0, 1, 2 as it is the case for SRS transmission.
[bookmark: _Hlk506381440]Proposal 1: Remove the Group-hopping-enabled-Transform-precoding, Disable-sequence-group-hopping-Transform-precoding and Sequence-hopping-enabled-Transform-precoding parameters,  and introduce one UE-specific Transform-Precoding-GroupSequenceHopping which takes values 0, 1, 2, where 
· 0 = means no group or sequence hopping,
· 1 = only group hopping, 
· 2 = only sequence hopping.
 
Number of scrambling IDs for CP-OFDM
With respect to the number of semi-statically configured scrambling IDs for DMRS of CP-OFDM, it should be allowed to configure 1 scrambling ID, in which case the UE will assume that the second scrambling ID is the same as the first. Note, that already in 38.214 this has been captured in Section 5.1.6.2:


A UE can be configured with one or two scrambling identity(s), ,  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. 
What is not clear is what the UE shall assume when one scrambling identity is used. Specifically,
[bookmark: _Hlk506381447]Text Proposal 1 (Section 5.1.6.2 in 38.214): When the UE is configured with one scrambling identity, the UE will assume that the second scrambling identity is the same as the first.

DMRS for DCI format 1_0 scrambled with C-RNTI
In the 38.214 and 38.212 specification is not clear with which DMRS pattern, port and scrambling ID is a UE being scheduled when it receives a scheduling request by PDCCH format 1_0 with CRC scrambled by C-RNTI. 
DMRS for Broadcast/multicast channel
The text that has been annotated by yellow in the following agreement has not been captured correctly in Section 5.1.6.2 of 38.214.
[bookmark: _Toc499836830]Agreement in #91 
Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend this DMRS type to
·         slot-based unicast PDSCH before RRC configuration and slot-based unicast PUSCH before RRC configuration (CP-OFDM and DFT-S-OFDM)
o   For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.
·         2/4/7-symbol non-slot-based scheduling for multicast/broadcast PDSCH and unicast PDSCH before RRC configuration.
o   For 2/4-symbol non-slot-based scheduling, the one-symbol front-load DMRS is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
o   For 7-symbol non-slot-based scheduling, one-symbol front-load DMRS plus one additional DMRS symbol on the 5th symbol if it is part of the scheduling unit with respect to the front-load is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
·         Broadcast/multicast PDSCH and PDSCH before RRC configuration is happening, for both slot and 4/7-symbol non-slot-based, with DMRS port 0 using SU-MIMO and no PDSCH FDMed on the DMRS symbol. For 2 symbol non-slot based, there is only FDM.
·         PUSCH before RRC configuration is happening, for both slot and non-slot-based, with DMRS port 0 using SU-MIMO and no PUSCH FDMed on the DMRS symbol.

We make the following text proposal regarding this: 
[bookmark: _Hlk506473869][bookmark: _Hlk506381551][bookmark: _Hlk506379517][bookmark: _Hlk506379167]Text Proposal 2 (Section 5.1.6.2, 38.214): When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before 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, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted the UE assuming that all the orthogonal antenna ports are associated with transmission of its PDSCH, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
CSI-RS on a CDM group with potential MU-MIMO ports
It has been agreed that DM-RS and CSI-RS are not supposed to collide from UE perspective, and the following text has been captured in 211 in Section 7.4.1.5.3:
The UE is not expected to receive CSI-RS and DM-RS on the same resource elements.
Yet, at the same time, in 38.214 in Section 5.1.6.2, the following text has been captured according to agreements:
A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
Also, the PDSCH to DMRS EPRE depend on the number of CDM groups without data. Measurement of interference for demodulation purposes will be problematic when the following two occur concurrently:
· the UE is signaled in DCI that one or more CDM groups contain potential co-scheduled downlink DM-RS and no data transmission, 
· CSI-RS is received in those CDM groups.
since the UE is supposed to measure co-scheduled interference in those CDM groups with a specified PDSCH to DMRS EPRE ratio, whereas now CSI-RS is received in this symbol. To correct this problem, we propose the following minimal change in 38.214 Section 5.1.6.2:
[bookmark: _Hlk506473873]Text Proposal 3 (Section 5.1.6.2, 38.214): A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data or CSI-RS transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
Mapping to physical resources -  Section 7.4.1.1.2 in 38.211

In the formula in Section 7.4.1.1.2 of 38.211, there is a subscript which is not needed.



[bookmark: MTBlankEqn]Text Proposal 4 (Section 7.4.1.1.2, 38.211): Remove from the equation above; that is:


CSI-RS and DM-RS on the same symbol
[bookmark: _Hlk506545650]It has been agreed that a UE does not expect to receive CSI-RS and DM-RS on the same resource elements. 
However, this may have the following interpretations:
· CSI-RS and DM-RS are always on different OFDM symbols, and therefore the resource elements do not collide
· CSI-RS and DM-RS may be on the same OFDM symbol but different PRB, and therefore the resource elements do not collide
· CSI-RS and DM-RS may be on the same OFDM symbol and same PRB, but different resource elements, and therefore collision is avoided.
It is clear that each one has a different complexity involved, so we propose to introduce a UE capability to differentiate between the following three capabilities:
· Mandatory capability without capability signalling: A UE only supports DM-RS and CSI-RS on different OFDM symbols.
· Optional capabilities: 
· A UE supports CSI-RS and DM-RS on the OFDM symbol in different PRBs.
· A UE supports CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements.

Proposal 2: Introduce a UE capability to differentiate the following three with respect to DM-RS and CSI-RS multiplexing:
· A UE only supports receiving DM-RS and CSI-RS on different OFDM symbols per CC. 
· Mandatory capability without capability signalling
· A UE additionally supports receiving CSI-RS and DM-RS on same OFDM symbols but in different PRBs per CC.
· Optional
· A UE additionally supports receiving CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements per CC.
· Optional
DL DM-RS Locations for 60 KHz ECP
The following agreements have been made for DM-RS of ECP:
· For DMRS for CP-OFDM with ECP (at least 60kHz SCS), configuration type 1 as in NCP is supported.
· For the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot
· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.
· Note: This applies to both NCP and ECP whenever applicable. 
· For DFT-S-OFDM, reuse the DMRS configurations of NCP for ECP
· Note: c_init is for a separate discussion

The spec does not clarify which locations are supposed to be used for DM-RS for ECP. Note that the following problem arises when 3 additional DMRS are configured: For NCP, one of the main design aspects on the location of the DM-RS were that any DM-RS should not be located in the last two symbols of a slot. If we re-use the locations of NCP for ECP, then since the later has 12 symbols, DMRS appears on the last symbol of the ECP slot. Note also that the reason for having 4 DMRS in one slot was motivated mainly for the high mobility scenarios for 15 KHz and 30 KHz SCS, whereas results from several companies have repeatedly shown that 3 symbol DMRS demonstrated better performance compared to 4 symbol DMRS.
[bookmark: _Hlk503525669][bookmark: _Hlk506473877]Proposal 3: Regarding the locations of DM-RS for ECP for DL PDSCH: 
· All agreed patterns are supported, except the three additional DM-RS pattern (since it results to DM-RS being on the last symbol of the slot).
Conclusions
Proposal 1: Remove the Group-hopping-enabled-Transform-precoding, Disable-sequence-group-hopping-Transform-precoding and Sequence-hopping-enabled-Transform-precoding parameters,  and introduce one UE-specific Transform-Precoding-GroupSequenceHopping which takes values 0, 1, 2, where 
· 0 = means no group or sequence hopping,
· 1 = only group hopping, 
· 2 = only sequence hopping.

Text Proposal 1 (Section 5.1.6.2 in 38.214): When the UE is configured with one scrambling identity, the UE will assume that the second scrambling identity is the same as the first.

Text Proposal 2 (Section 5.1.6.2, 38.214): When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, 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, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted the UE assuming that all the orthogonal antenna ports are associated with transmission of its PDSCH, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
Text Proposal 3 (Section 5.1.6.2, 38.214): A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data or CSI-RS transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
Proposal 2: Introduce a UE capability to differentiate the following three with respect to DM-RS and CSI-RS multiplexing:
· A UE only supports receiving DM-RS and CSI-RS on different OFDM symbols per CC. 
· Mandatory capability without capability signalling
· A UE additionally supports receiving CSI-RS and DM-RS on same OFDM symbols but in different PRBs per CC.
· Optional
· A UE additionally supports receiving CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements per CC.
· Optional

Proposal 3: Regarding the locations of DM-RS for ECP for DL PDSCH: 
· All agreed patterns are supported, except the three additional DM-RS pattern (since it results to DM-RS being on the last symbol of the slot).


Text Proposal 4 (Section 7.4.1.1.2, 38.211): Remove from the equation above, that is
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