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Introduction
In RAN1#88 meeting, the study of DMRS reached the following agreements[1]:
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
And supporting maximal 12 orthogonal ports for MU-MIMO is the working assumption. 
In this contribution, we are going to share our thoughts on such a multi-set DMRS design for CP-OFDM, and consideration on the configuration of additional DMRS.
Support 12 orthogonal ports in front-loaded DMRS
Since there have been various designs to support front-loaded DMRS for up to 8 ports and 16 ports in the email collection [2] of DMRS pattern, 12 orthogonal ports in the front-loaded DMRS is implementable. Also considering that the very benefit of front-loaded DMRS is for UE(s) to obtain the channel estimate at the earliest stage of decoding, it is natural for UE(s) to be able to perform channel estimation on up to 12 DMRS ports solely based on front-loaded DMRS. 
As 12 ports DMRS pattern is designed for MU-MIMO where each UE should not be aware of other UE’s existence, CDM should be deployed, so that the patterns, i.e. the RE allocation, of DMRS and data should be identical across all UEs, except the CDM code that identifies each port. As, the OCC size determines the maximum number of orthogonal co-scheduled UEs, OCC-4 should at least be considered, via e.g., a combination of OCC-2 in time domain and OCC-2 in the frequency domain. In conjunction with 2 non-orthogonal DMRS scrambling IDs, maximum number of UEs supported for MU-MIMO would be 8 assuming that 3 layer are allocated for each UE.
Figure 1 shows one example of front-loaded DMRS supporting up to 12 orthogonal ports, where ports 0/1/6/7, 2/3/8/9, and 4/5/10/11 share the same FDMed resources, respectively. In each resource configured for a certain group of ports, e.g., port 0/1/6/7, OCC-4 should be applied.
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[bookmark: _Ref477873617]Figure 1 One example of front-loaded DMRS pattern to support 12 orthogonal ports
Proposal 1: Support 12 orthogonal ports in the front-loaded DMRS design.
Proposal 2: OCC-4 should be considered to support MU-MIMO of up to 8 UEs.
Additional DMRS
Additional DMRS can be treated as the DMRS sets apart from the front-loaded DMRS. The evident benefit from introducing additional DMRS is that it brings robust channel estimation against time variant channel caused by Doppler spread. However, additional DMRS can also be used to improve the channel estimation accuracy even when the channel is static or the variation is small. Time domain or even 2-dimensional Wiener filter can be applied to the front-loaded and additional DMRS(s) to reduce the noise in estimation from the only front-loaded DMRS. 
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[bookmark: _Ref477878597]Figure 2 DMRS evaluation comparison between single-set and double-set
Figure 2 shows the results of comparison of 1-symbol DMRS set and 2-symbol DMRS set between only-front-loaded DMRS (solid line) and front-loaded-plus-additional DMRS (dashed line).
For 1-symbol DMRS set, 
· The front-loaded DMRS corresponds to , 
· The additional DMRS corresponds to 
shown in red and blue in Figure 3, respectively. 
For 2-symbol DMRS set,
· The front-loaded DMRS corresponds to 
· The additional DMRS corresponds to 
show in red + dark red and blue + dark blue in Figure 3, respectively.
The frequency pattern follows the LTE pattern where  shown in Figure 3. PRG size is assume to be 1, so there is no PRB bundling. The other simulation assumption is based on MIMO calibration phase 2 [3] with the carrier frequency 4GHz, the channel model CDL-A 100ns with UE speed 0 (static channel), beam selection method 1, and LTE .
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[bookmark: _Ref477880554]Figure 3 Front-loaded and additional DMRS pattern in the evaluation
From the simulation, it can be seen that due to the property of static channel, the performance of 1-symbol front-loaded-plus-additional DMRS is the same as that of the 2-symbol only-front-loaded DMRS. It also shows that without extra enhancement, e.g., PRB bundling, DMRS power boosting, those additional available resources for data on the additional DMRS RE cannot make up for the degradation of channel estimation based solely on front-loaded DMRS. In such case, either PRB bundling or DMRS power boosting should be considered to improve the channel estimation until its accuracy issue cannot significantly affect the BLER
Observation 1: For 1-symbol and 2-symbol DMRS set, only-front-loaded DMRS suffers from degradation in channel estimation accuracy compared to the front-loaded-plus-additional DMRS, without extra enhancement, e.g., PRB bundling, DMRS power boosting.
PRB bundling
To improve channel estimation, PRB bundling is supported in NR for CP-OFDM. Larger PRG size would allow gNB or UE to jointly filter the channel estimate in multiple PRBs. However, it would also degrade the digital beamforming gain, as the precoder is averaged along all the bundled PRBs and each PRB is not beamformed at its best direction. Although analog beam would yield a more flat channel seen by the receiver in the deployment of large antenna array, this flatness merely means that amplitude is a constant in a certain bandwidth, and the phase between subcarriers may still suffer from a linear phase rotation caused the average delay. 
Figure 4 shows the channel impulse response (CIR) of a CDL-A channel after analog beamforming with only the magnitude plotted against the sample of delay. Figure 5 shows the channel frequency response (CFR) of it with both magnitude and phase. It can be seen that the phase is generally down-tilt due to the average delay, which is between 2 and 3 tpas. Therefore, it would be beneficial to calculate the precoder if such a linear phase is corrected, e.g., using a time shift, so that the precoder can well-reflect the mean direction of the associated PRBs. For the receiving procedure, such a phase correction would allow easier channel estimation based on DMRS, as channel would be more constant, at least in phase.
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[bookmark: _Ref477884787]Figure 4 Magnitude of CIR of a CDL-A channel after analog beamforming
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[bookmark: _Ref477884895]Figure 5 Magnitude and phase of CIR of the CDL-A channel 
Observation 2: To derive the precoder in PRB bundling and use DMRS for channel estimation, it is beneficial to correct the phase rotation caused by the average delay.
DMRS pattern in slot aggregation
Currently, the DMRS pattern is defined in a slot. For slot aggregation, it is natural to simply copy the pattern in the aggregated slots. Such a design is ruling out the possibility of overhead reduction and placement adjustment in the aggregated slots when DMRS ports are bundled in time. To enable a more optimized DMRS overhead control, DMRS design should take slot aggregation into consideration.
One simple solution is to re-define the basic unit of DMRS pattern, which is currently assumed to be one slot of 7 or 14 symbols in a PRB by the majority of companies. Borrowing the idea from some DMRS design in which the pattern is defined in 2 PRBs bundled in the frequency domain, for the slot aggregation case, DMRS patterns can be defined in multiple slots, e.g. 2.
Inside the basic unit of DMRS pattern, which may consist of more than 1 slots, DMRS pattern need not be identical between slots, which brings more flexibility and reduces overhead.
Proposal 3: The basic unit of DMRS pattern should be re-defined, by taking slot aggregation into consideration.
Conclusion
In this contribution, we have presented our consideration on the multi-set design of DMRS for CP-OFDM. Based on the discussion, we have the following observations and proposals:
Observation 1: For 1-symbol and 2-symbol DMRS set, only-front-loaded DMRS suffers from degradation in channel estimation accuracy compared to the front-loaded-plus-additional DMRS, without extra enhancement, e.g., PRB bundling, DMRS power boosting.
Observation 2: To derive the precoder in PRB bundling, it is beneficial to correct the phase rotation caused by the average delay.
Proposal 1: Support 12 orthogonal ports in the front-loaded DMRS design.
Proposal 2: OCC-4 should be considered to support MU-MIMO of up to 8 UEs.
Proposal 3: The basic unit of DMRS pattern should be re-defined, by taking slot aggregation into consideration.
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