3GPP TSG-RAN WG1 #89	R1-1708703
Hangzhou, China, 15th – 19th May, 2017

Source:	Ericsson
[bookmark: Title]Title:	On DL DMRS design
[bookmark: Source]Agenda Item:	7.1.2.4.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref481749371]Introduction
In previous RAN1 meetings, it has been agreed to support front-loaded DMRS mapped on either 1 or 2 adjacent OFDM symbols and to support up to 12 orthogonal DL DMRS ports. In RAN1#88-bis, the following were concluded with respect to front-loaded DMRS:
Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
In this contribution, the above open issues on front-loaded DMRS are addressed with evaluation of DL DMRS patterns in the companion contribution [1]. UL DMRS design and link level evaluations are studied in [2] and [3], where [2] includes a study on Cubic Metric with respect to DMRS mapping in frequency domain.
Discussion
[bookmark: _GoBack]Multiplexing of DMRS ports can be done either via FDM or CDM or TDM or via combinations of these multiplexing options. FDM can impose a certain mapping structure of the ports in the frequency domain, as in IFDM, whereas CDM can be done over DMRS resources in time (TD-CDM) or/and in frequency (FD-CDM) e.g. by applying orthogonal cover codes (OCC) to a base sequence covering one or multiple OFDM symbols or/and by applying cyclic shifts (CS) to a base sequence. Evidently, TDM precludes the use of TD-CDM across OFDM symbols.
Figure 1 illustrates some DMRS port multiplexing options for supporting up to 12 orthogonal DMRS ports in 2 adjacent front-loaded OFDM symbols. In all these DMRS patterns, CDM and TDM are combined with FDM and all resources within the 2 OFDM symbols carrying DMRS can be allocated for DMRS. Among these DMRS patterns, we observe that only the DMRS port multiplexing methods in 2) and 3) can support up to 12 orthogonal DMRS ports without applying OCC in time domain.
Hence, if anticipating 12 ports mmWave deployments with CPE impacts across OFDM symbols it would evidently be an advantage to avoid OCC in time, unless CPE compensation can be done prior resolving the OCC. On the other hand, in mmWave deployments where narrow beams with high beamforming gains will be needed to achieve coverage the situations where DMRS with 12 orthogonal ports could be beneficial appear to be rare. More likely, only one or two UEs are scheduled simultaneously in downlink and then with a few number of streams. From Figure 1, we observe that the DMRS pattern 2) can support up to 4 orthogonal ports without any CDM.
In scenarios with negligible phase impairments across e.g. 2 adjacent OFDM symbols, OCC in time domain represents a robust way to construct orthogonal ports and using TD-OCC in NR should not be precluded. Furthermore, it is anticipated that eMBB in sub-6 deployments will by far be the dominating scenarios also in NR. In other words, the DMRS design in NR should not be dictated by e.g. mmWave deployments.
It is desirable that power ratios between DMRS and associated data are balanced and that these power ratios are not dynamically varying depending on number of scheduled layers. CDM scales the DMRS power with the number of layers in the same way as the power scales per data layer, i.e. OCC can provide power balance between DMRS and associated data. One major disadvantage with DMRS port multiplexing via TDM is that the power ratios between DMRS and the associated data may change dynamically depending on number of scheduled layers. This issue was illustrated in [4] for a scenario with SVD precoding of 4 transmission layers. This would impose a need for dynamically signaling of these power ratios. Another issue with TDM multiplexing of DMRS ports is that non-diagonal precoding could result in an inefficient transmit power utilization when DMRS and data are frequency multiplexed.
Observation 1: Multiplexing of DMRS ports via 
· CDM (OCC/CS) provides power balance between DMRS and associated data
· TDM may results in dynamically varying power ratios between DMRS and associated data across ports as well as in an inefficient transmit power utilization when multiplexing DMRS and data in frequency domain
Proposal 1: NR supports CDM to construct orthogonal DMRS ports whereas TDM is not supported 
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[bookmark: _Ref481742150]Figure 1 Illustration of 2 front-loaded DMRS supporting up to 12 orthogonal ports

When constructing orthogonal DMRS ports via CDM, the size of the OCC or the number of cyclic shifts should account for channel coherence in time and/or frequency to maintain orthogonality at the receiver side. For example, in scenarios with frequency selective radio channels an OCC applied in frequency may only cover a small portion of the subcarriers assigned for DMRS or equivalently only a few CS could be considered. Evidently, the smallest bandwidth covered by the OCC can be obtained when DMRS is mapped on adjacent subcarriers as with the patterns illustrated by 4) and 8) in Figure 1, which here implies a maximum OCC length of 2. It can be noticed though from Figure 1 that the IFDM based DMRS patterns enables shorter channel interpolation distances in frequency domain for same DMRS densities.
When the DMRS is mapped on non-adjacent subcarriers as in IFDM, applying OCC in frequency would then cover a larger bandwidth than DMRS mapped on groups of adjacent subcarriers which could be a disadvantage of frequency OCC in conjunction with IFDM. However, the structure of IFDM allows the receiver to take into account the whole scheduling bandwidth to resolve the MIMO channels whereas the DMRS mapping with groups of adjacent subcarriers forces the receiver to apply OCC resolving within the groups. It can be noticed that OCC of length 2 results in the same CDM as with 2-CS. It can further be noticed that CS can be viewed as an orthogonal cover code with complex-valued elements when consider more than 2-CS. Hence, in principle CS does not prevent resolving within the groups.
In cases with frequency selective channels, the processing gain given by filtering channel estimates in frequency could be significantly reduced. In such scenarios, one could consider to configure the UE with a DMRS pattern of higher density either by densifying the DMRS pattern within the OFDM symbol, if possible, or/and by repeating the DMRS in following OFDM symbols, allowing for OCC in time when possible. In adapting the DMRS density in frequency domain, IFDM offers higher flexibility/granularity in allocating DMRS resources in comparisons to mapping DMRS to groups of adjacent subcarriers. In cases with highly frequency selective channels, avoiding CDM in frequency can indeed improve the performance as shown in [1] where 4 ports IFDM was compared to a length 2-FD-OCC.
As mentioned above, a DMRS design that relies on OCC in time may in mmW deployments require CPE compensation prior to the decoding of the OCC and thus to the channel estimation. Although CPE compensation prior to channel estimation could be envision, it is preferred to track the CPE on frequency equalized measurements which basically precludes OCC in time. Hence, it should be possible to configure DMRS ports without OCC.

The benefits of considering IFDM mapping of DMRS in the context of a common framework with respect to both DL/UL DMRS structures and waveforms are discussed in [2], where it is shown that IFDM outperforms FDM (DMRS mapped on subcarrier groups) in terms of low Cubic Metric, a prerequisite for DFT-S-OFDM.
Based on the above discussions, we make the following observation.
Observation 2: IFDM mapping of DMRS has at least the following advantages: 
· Channel analyzing can be done in time domain, e.g. delay spread estimation will become more straightforward
· Enables the receiver to take into account the whole scheduling bandwidth to resolve MIMO channels separated via FD-CDM, which can be of any length
· Shorter channel interpolation distances in frequency domain for same DMRS densities and straightforward to perform channel interpolation in frequency domain
· Higher flexibility in adapting DMRS density in frequency
· Enables a common UL/DL DMRS design with CM/PAPR that can match DFT-S-OFDM [2]
· Support of at least 4 orthogonal DMRS ports without CDM
· Pure IFDM port multiplexing is less sensitive to highly frequency channels than FD-OCC port multiplexing
· Pure IFDM port multiplexing is less sensitive to DC carrier impact than CDM port multiplexing
Based on the above observations and discussions, we propose the following:
 
Proposal 2: Orthogonal DMRS ports in NR are constructed via combinations of IFDM and CDM, where CDM in frequency refer to cyclic shifts and CDM in time refer to OCC (i.e. Walsh Hadamard codes)
Proposal 3: It should be possible to configure orthogonal DMRS ports without CDM in frequency or/and time


Conclusion
In this contribution, we addressed the open issues of DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain. The following observations and proposals were made:
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