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Introduction
In this contribution, we discuss some remaining issues and possible approaches to complete and correct the related parts in specifications regarding DMRS. 
Discussion on DMRS ports grouping 
In RAN1 NR AH-1701 meeting, it was agreed to support grouping of DMRS ports[1]:
 (
Agreements:
Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
FFS the signalling 
method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
Study 
RS 
for performing estimation of large scale properties of channel 
(E.g., Doppler
 shift/Doppler spread/
delay spread)
QCL su
pport
s
 
following 
functionalit
ies
Beam management functionality: at least including spatial parameters
Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
RRM management functionality: at least including average gain
Others are not precluded
)


Furthermore, in RAN1 #89, it was agreed that all the parameters can be assumed to be QCLed for PDSCH DMRS ports within each DMRS group[2]:
 (
Agreements:
PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
PTRS port and PDSCH DMRS port can be assumed QCL 
w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
FFS whether some parameters can still be QCL’ed
)
In RAN1#NR-AH1702, the following agreements on supported number of DMRS port groups were reached[3]:
 (
Agreements
:
For QCL, NR supports:
At least one or two DM-RS antenna port groups per PDSCH 
FFS other number of groups
QCL assumption across carriers and bandwidth parts for DL
FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
FFS whether or not to have UE assisted management
)

Based on the RRC parameters summarized in [4] and the corresponding LS to RAN2[5], configuration of up to 2 DMRS port groups is supported by higher-layer signaling[6]. 
 (
T
S 38.331
6.3
.2 
Radio resource control information element
s
-  PDSCH-Config
…
PDSCH-Config 
information element
-- DM-RS groups that are QCL:ed, i.e. group 1 (see 38.214, section 5.1)
-- CHECK: Clarify how to configure the DMRS groups and the relation to TCI.
dmrs-group1
TYPE_FFS!,
-- DM-RS groups that are QCL:ed, i.e. group 2 (see 38.214, section 5.1)
dmrs-group2
TYPE_FFS!,
…
)
The agreements listed above are partially captured in section 5.1.6.2 of TS 38.214 with the following statements[7]. 
 (
T
S 38.214
5
.1.6.2 DM-RS reception
…
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.
…
)


[bookmark: _GoBack]As discussed above, up to two DMRS port groups are supported in NR. However, how to group the DMRS ports is still left open up to now. As agreed in previous meeting, and also stated in TS 38.211[8], the UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx parameters. Consequently, it’s reasonable to group DMRS ports according to CDM group. That is to say, the DMRS ports within a CDM group are included in the same DMRS group. 
Proposal 1: The DMRS ports within a CDM group are included in the same DMRS group.
Proposal 2: The DMRS groups can be configured with the following values for the case DL-DMRS-config-type=1 and 2 respectively:
· DL-DMRS-config-type=1
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· DL-DMRS-config-type=2
· Dmrs-group1={CDM group 0}, {CDM group 1}, {CDM group 2}, {CDM group 0,1}, {CDM group 0,2}, {CDM group 1,2}, {CDM group 0,1,2} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1}, {CDM group 2}, {CDM group 0,1}, {CDM group 0,2}, {CDM group 1,2}, {CDM group 0,1,2} or {}
Scrambling of DMRS for fallback transmission
For fallback transmissions, i.e. PDSCH scheduled by DCI format 1_0 or PUSCH scheduled by DCI format 0_0, the DMRS scrambling ID is still not specified in current specification. Similar to regular transmissions scheduled by DCI format 1_1 or 0_1, configurable scrambling ID could be used for fallback transmission as well. However, as complicated transmission schemes, such as MU-MIMO, are less likely to be used in such case, configurable scrambling for DMRS is not preferred. In addition, in order to avoid any ambiguity in RRC reconfiguration, default set of parameters, like scrambling and bundling (for DL only), should be used. Therefore, we propose that

Proposal 3: For DMRS scrambling ID for PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI, or PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI,  is used.
PDSCH DMRS position 
As agreed in the last meeting, for PDSCH mapping type A, the minimum duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot is 3 symbols. In current version of 38.211, for 3-symbol duration, a one-symbol front-load DMRS can be configured for PDSCH mapping type A. If higher-layer parameter DL-DMRS-typeA-pos is set to 2, the single front-load DMRS symbol is located in the third symbol and also the last symbol of the scheduling duration. However, if DL-DMRS-typeA-pos=3, the front-load DMRS symbol is outside of the scheduling duration. 
Similar thing happens for 2-symbol front-load DMRS case, where the minimum scheduling duration is 4 symbols for mapping type A. Therefore, if DL-DMRS-typeA-pos=2, the front-load DMRS symbols are located in the last two symbols of the PDSCH duration. Whereas, if DL-DMRS-typeA-pos=3, the last symbol of the front-load DMRS is outside the scheduling duration.
To address the above-mentioned issues, we propose 
Proposal 4: For single-symbol front-load DMRS, DL-DMRS-typeA-pos can be configured to 3 only if the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot is larger than 4 symbols.
Proposal 5: For double-symbol front-load DMRS, DL-DMRS-typeA-pos can be configured to 3 only if the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot is larger than 5 symbols.
Conclusions
In this contribution, we discuss some of remaining issues of DMRS, and we have the following proposals:
Proposal 1: The DMRS ports within a CDM group are included in only one DMRS group.
Proposal 2: The DMRS groups can be configured with the following values for the case DL-DMRS-config-type=1 and 2 respectively:
· DL-DMRS-config-type=1
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· DL-DMRS-config-type=2
· Dmrs-group1={CDM group 0}, {CDM group 1}, {CDM group 2}, {CDM group 0,1}, {CDM group 0,2}, {CDM group 1,2}, {CDM group 0,1,2} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1}, {CDM group 2}, {CDM group 0,1}, {CDM group 0,2}, {CDM group 1,2}, {CDM group 0,1,2} or {}

Proposal 3: For DMRS scrambling ID for PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI, or PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI,  is used.
Proposal 4: For single-symbol front-load DMRS, DL-DMRS-typeA-pos can be configured to 3 only if the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot is larger than 4 symbols.
Proposal 5: For double-symbol front-load DMRS, DL-DMRS-typeA-pos can be configured to 3 only if the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot is larger than 5 symbols.
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