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1
Introduction
During the RAN1 NR#2 meeting, the following agreement, conclusion and working assumptions related to DM-RS were made in [1]. 
Agreement: Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

Agreements:

The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

· Configuration type 1:

· One symbol:

· Comb 2 + 2 CS, up to 4 ports

· Two symbols:

· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

· Configuration type 2:

· One symbol:

· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

· Two symbols:

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

· From UE perspective, frequency domain CDMed DMRS ports are QCLed.

· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:

· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:

· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 

· Alt 2: Configuration 2 with 2 symbols

· Support additional DM-RS. To down-select from:

· Alt 1: Additional DMRS is always present 

· Alt 2: Additional DMRS is configurable

· FFS the number of additional DMRS symbol(s)
Agreements:

· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements:

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:

· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N

· N is 4 for Configuration 1 and 6 for Configuration 2.

· FFS the details to determine 1 or 2 symbols

In this contribution, we discuss the details related to NR DM-RS for CP-OFDM waveform in downlink.
2
On the design of additional DM-RS

In order to support medium to high speed scenarios, the number of additional DM-RS symbols should be configurable, and the possible numbers are 1 and 2. Because of lack of the OFDM symbols in a slot, total 4 DM-RS which comprise 8 DM-RS symbols are too big burden. Figure 1 shows the proposed location of additional DM-RS for one or two-symbol DM-RS patterns. DM-RS symbols should be placed in PDSCH region, and according to the PDSCH region, 3 DM-RS symbols can be used implicitly as shown in the third figure in Figure 1. 
[image: image1.emf]
Figure 1: Proposed DM-RS configurations for configuration type 1
Proposal 1: NR should support upto 4 DM-RS symbols including front-loaded DM-RS and additional DM-RS.
The agreed DM-RS configurations have drawback of poor performance under rich scattering channel environments having long delay spread [Nokia-evaluation]. For configuration 1 pattern, CDM with cyclic shift is not appropriate to be used with long delay channel, while configuration 2 pattern has a fundamental problem of low frequency domain density. Because the minimum distance between two DM-RS chunk is 6 REs, it is too big to capture the channel variation with high frequency selective channel. In order to overcome the problem, at least for configuration 2, additional DM-RS with frequency domain shift should be supported for long delay channel. Figure 2 shows the example of the pattern. 
[image: image2.emf]
Figure 2: Additional DMRS for configuration type 2
Observation 1: Frequency domain pattern shift for additional DM-RS can be considered if configuration type 2 configured..
In addition, one conclusion has been made on the additional DM-RS for self-contained ACK/NACK. Early positioned DM-RS should be helpful to reduce the decoding delay, and it is necessary to realize the self-contained HARQ feedback. However, the practical benefit is not high enough to justify any specific DMRS patterns. 
We can consider two different cases of slot structure, 7-symbol and 14-symbol slots. Figure 3 shows the example configuration of DM-RS and PUCCH symbols in a slot. Firs, regarding to 7-symbol slot, based on the agreement, 2-3 symbol CORESET should be assumed. In this case, we can consider the location of front-loaded DM-RS is the 3rd or 4th symbols, respectively. Then, the front-loaded DM-RS is already located at the end of the data part, so no additional DM-RS symbol is expected. Even though we assume that 7-symbol slot is more related to wider bandwidth support and 2 symbol CORESET is used, there is no room to include additional DM-RS symbol.

[image: image3.emf]
[image: image4.emf]
Figure 3: Examples of front-loaded DM-RS with self-contained ACK/NACK 

In case of 14 symbol slot, there is more cases on the additional DM-RS symbols, and to reduce the decoding latency, we can consider early DM-RS for self-contained ACK/NACK. Though the early located DMRS can be helpful, it still has several problems and open issued. First, self-contained ACK/NACK is UE-specifically configured, there is a problem of misaligned DMRS location among UEs have different capability. Since orthogonal DM-RS multiplexing among UEs should be assumed for MU-MIMO transmission, it is very difficult to signal the position where to be punctured for DM-RS transmission. In addition, early ACK/NACK brings amount of performance degradation for higher mobility. 

In fact, as you can see in figure 1, the relative timing between the last DMRS symbols and NR-PUCCH (dark blue) is the same for 7-symbol slot and 14-symbol slot (bottm left). Thus, if 7-symbol slot is possible to be used for self-contained slot, there is no need for the early DM-RS location for self-contained ACK/NACK in 14-symbol slot.
Proposal 2: No specific DM-RS configuration is required for UE configured with self-contained ACK/NACK.
3
Multiplexing of DM-RS and /or Data and RSs
3.1 

DM-RS multiplexing with Data REs

There are two possible ways on multiplexing DM-RS and Data REs. Figure 4 shows the examples of two multiplexing method, which are TDM and FDM. FDM increase the number of the REs to be used for data transmission while TDM mutes the unused REs for DM-RS and the muted power is used for boosting the DM-RS power. Power boosting is required to maintain the transmission power of each antenna ports constant across the symbols in a slot. 
[image: image5.emf]
(a) TDM cases (with power boosting)

[image: image6.emf]
(b) FDM cases (right most case, 1.77dB power boosting is applicable)
Figure 4: Two alternatives for DM-RS multiplexing with data
In case SU-MIMO, FDM is possible to be used without additional signalling, however, it is difficult to apply FDM for MU-MIMO without additional signaling overhead. Though FDM multiplexing has slight gain of improving the maximum throughput for higher MCS only, TDM with power boosting provides superior performance than FDM multiplexing mostly in the SNR region with operation point [4]. The number of unused REs are variable and mostly small except 1 port transmission. Thus, at least for DL, there is not so high possibility to have rank 1 or 2 transmission with higher MCS with SU-MIMO, which is the only case FDM multiplexing shows performance gain. In addition, TDM multiplexing is more friendly to be implemented, because the number of REs for data transmission can be calculated as a function of OFDM symbols only.
Thus, TDM with power boosting should be supported for multiplexing of DM-RS and data REs in NR.

Observation 2: FDM multiplexing of DM-RS and PDSCH data is beneficial only with SU-MIMO with lower rank and mini-slot e.g.

· For configuration 1: only sinlge comb is used for DM-RS transmission
· For configuration 2: only one or two DM-RS ports are used 
· Mini-slot with small number of OFDM symbos (1-3) are used. 
Proposal 3: NR support TDM multiplexing between DM-RS and data as a default mode with normal slot with DM-RS power boosting
· Power boosting of 3dB for configuration type 1 and 4.77dB for configuration type 2 respectively.
Proposal 4: NR support FDM multiplexing between DM-RS and data based on dynamic signalling in DCI

FFS: Detail signaling
3.2 

DM-RS multiplexing with SS block

In RAN1 NR#2, it has been agreed to study how to handle DM-RS and SS block collision. Because the slot with SS blocks are not fully occupied with SS block, there is a possibility to use the remaining REs for data transmission. How ever DM-RS location is possible to be collided with SS blocks. Simple way is to puncture DM-RS if it is collided with SS blocks and schedule additional DMRS implicitly. Other option is to schedule mini-slot in the slot embedding SS blocks. Figure 5 shows the example of multiplexing PDSCH and SS blocks. As long as UE’s having full information of SS Block transmission, UE can implicitly be aware of DMRS’s puncturing. gNB has enough capability to schedule the remaining resource without any specification support. 
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Figure 5: Example for multiplexing of SS block and PDSCH DM-RS. 
Proposal 5: DM-RS collided with SS-block should be punctured implicitly with UE’s full awareness of SS block transmission without further specification impact. 

3.3 

DM-RS multiplexing with CSI-RS and PT-RS
Because both DM-RS and CSI-RS should be supported fully for guaranteeing performance, TDM multiplexing between DM-RS and CSI-RS should be supported. If FDM is required to be supported, orthogonal multiplexing without collision should be supported. 

On the other hand, PT-RS can be collided with DM-RS if additional DM-RS is configured. Because DM-RS also has a capability of estimating phase rotation, PT-RS can be simply punctured for DM-RS transmission.

Proposal 6: DM-RS and CSI-RS can be orthogonally multiplexed without collision, while PT-RS should be punctured if it is collided with DM-RS. 

4
Further Discussion on DM-RS Configurations
4.1 

DM-RS configurations for initial access
Since DM-RS configuration is to be configured by RRC signaling, before obtaining system information. In RAN1 NR#2, we have agreed to down-select one DM-RS configuration as a default configuration.
There is another option to signal the DM-RS configuration through PBCH. Though each configuration has relative benefits over the alternative configuration, it is not efficient to use different configurations in a cell one for initial access the other for connected mode. In addition, if it is not signalled, UE should consider the default configuration during handover or idle mode operation. For simplicity, it is preferred to use one pattern in a TRP. 
As another alternative than signaling in PBCH, we can consider further down-select to one configuration without considering default configuration. 

Proposal 7: NR should support only one DM-RS configuration in a TRP with one of the following options. 

- Option 1: Signaling in PBCH

- Option 2: Down-select to one DM-RS configuration type for NR without defining default configuration. 

The number of DM-RS symbols for broadcast PDSCH can be different for the deployment option, and there is not other way to schedule broadcast PDSCH beyond DCI. And, DCI can schedule the number of DM-RS symbols, the number of DM-RS ports and etc. Thus, we don’t need to define a default patter of DMRS for the broadcast PDSCH.
Proposal 8: The number of DM-RS symbols for broadcast PDSCH is dynamically scheduled by DCI. 

4.2 

Consideration on DM-RS under long delay channel

Though it has been agreed to use the agreed pattern as NR DM-RS, as shown in [4], there is a problem that the performance of both patterns degraded with long delay channel when schemes with CDM in frequency (cyclic shift and FD-OCC) were used for DM-RS port multiplexing. Since we are considering wider channel bandwidth with larger subcarrier spacing in NR, it is more likely that the orthogonality is broken due to higher frequency selectivity. 
In order to avoid such degradation, NR should support FDM without CDM-f to be available for communicating through the channel with long delay spread. 

Proposal 9: NR should support the options of DM-RS multiplexing without CDM in frequency to support high delay channel. 

However such condition limits the number of antenna ports to be used. For configuration 1, only upto 2 or 4 antenna ports can be allocated without CDM-f with respect to the number of DM-RS symbols, and upto 3 or 6 antenna ports for configuration 2. 
Thus, we are proposing to consider further enhancement of DM-RS patterns providing higher number of FDM capability comprised of FDM4 based pattern as shown in Figure 5.
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Figure 6: FDM4 based DM-RS configuration for long-delay channel support. 

Proposal 10: NR should consider FDM4 based pattern for high delay spread channel support. 

5
Summary 
In this section, we summarize the key observations/proposals related to NR DM-RS details for CP-OFDM type waveform:
Proposal 1: NR should support upto 4 DM-RS symbols including front-loaded DM-RS and additional DM-RS.

Observation 1: Frequency domain pattern shift for additional DM-RS can be considered if configuration type 2 configured..
Proposal 2: No specific DM-RS configuration is required for UE configured with self-contained ACK/NACK.
Observation 2: FDM multiplexing of DM-RS and PDSCH data is beneficial only with SU-MIMO with lower rank and mini-slot e.g.

· For configuration 1: only sinlge comb is used for DM-RS transmission
· For configuration 2: only one or two DM-RS ports are used 
· Mini-slot with small number of OFDM symbos (1-3) are used. 
Proposal 3: NR support TDM multiplexing between DM-RS and data as a default mode with normal slot with DM-RS power boosting
· Power boosting of 3dB for configuration type 1 and 4.77dB for configuration type 2 respectively.
Proposal 4: NR support FDM multiplexing between DM-RS and data based on dynamic signalling in DCI

FFS: Detail signaling

Proposal 5: DM-RS collided with SS-block should be punctured implicitly with UE’s full awareness of SS block transmission without further specification impact. 

Proposal 6: DM-RS and CSI-RS should be orthogonally multiplexed without collision, while PT-RS should be punctured if it is collided with DM-RS. 

Proposal 7: NR should support only one DM-RS configuration in a TRP with one of the following options. 

- Option 1: Signaling in PBCH

- Option 2: Down-select to one DM-RS configuration type for NR without defining default configuration. 

Proposal 8: The number of DM-RS symbols for broadcast PDSCH is dynamically scheduled by DCI. 

Proposal 9: NR should support the options of DM-RS multiplexing without CDM in frequency to support high delay channel. 

Proposal 10: NR should consider FDM4 based pattern for high delay spread channel support.
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