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1. Introduction

For most of the transmission modes introduced since the first release of LTE, i.e., Rel-8, a unified reference structure was adopted for both channel state information measurement/feedback and demodulation. User-specific reference signal (URS) or demodulation reference signal (DMRS) was used only for channel reciprocity based single-layer transmission scheme in TM7. Concerns regarding the usage of DMRS lay in the additional overhead in PRBs being scheduled in PDSCH transmission. For early stage of LTE deployment, rather than system capacity, coverage was the most important issues to operators. Therefore, the assumption on deployment scenarios mainly focused on single user cases, where MIMO was expected to be capable of improving peak data rate for users with favorable channel conditions. In such cases, codebook based feedback and transmission could work well especially for FDD system. 

Things changed since Rel-9, as higher system load were foreseen with increasing amount of LTE users in upcoming deployment phases, multi-user MIMO has been regarded as one of the most crucial components in boosting system spectrum efficiency.  To this end, the so called dual-layer beamforming based on newly defined DMRS port, i.e., port 7 and 8, was introduced to enable more flexible multi-user operations in TM8. Thereafter, the division between measurement and demodulation functionalities of RS became the basic principle in RS design throughout subsequent releases of LTE system.

Based on such mechanism, RS overhead reduction was even realized with increased number of supported ports. In Rel-10, up to 8 layers’ transmission can be supported in DL for SU-MIMO. And higher spatial resolution was considered as essential to multi-user operation. Therefore, up to 8 CSI-RS and DMRS ports were introduced for TM9. Considering the fact that, we have quite different requirements on channel estimation accuracy in CSI reporting and demodulation, a set of coarsely quantized CSI, i.e., PMI/CQI/RI would be enough for scheduling, while the post-detection SINR in MIMO receiver relies highly on the quality of channel estimation, RS for CSI measurement/reporting and demodulation could have different pattern and density. CSI-RS can be transmitted with much lower density and longer periodicity, whereas DMRS with higher density exists only in scheduled resources, and the actual DMRS overhead depends on the transmission rank, which is expected to be no more than 2 in most cases. Consequently, the resulting overall RS overhead could be lower than the case with unified measurement and demodulation RS structure.

In RAN#71, a study item on new radio (NR) access technology was approved in [1]. To fulfill the requirements for the next generation system, the NR air interface will cover frequency ranges up to 100GHz with the objective of a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913[2]. For carrier frequency above 6GHz, the communication link suffers from significant path loss, penetration loss and blockage effect. In such cases, array gain inhered with large-scale antenna system is expected to be essential in overcoming the non-ideal factors in propagation environments. To this end, it’s agreed in RAN1#84 [3] to study massive MIMO schemes based on digital/analog/hybrid beamforming architectures. 

In this contribution, we present our considerations on DMRS designs for DL data and control channel in NR. 
2. Discussion on DMRS design for NR MIMO 

2.1. General considerations
Generally speaking, the functionality of reference signal in NR still falls into the aforementioned two categories, i.e., channel state information measurement/reporting and demodulation. The overall requirements on RS designs, such as overhead, power efficiency and channel estimation performance etc., apply to NR MIMO too. 

As the NR air interface will cover frequency ranges up to 100GHz, in order to compensate non-ideal propagation characteristics inherent in mmW band, beamforming will play even more important roles in system deployed in carrier frequencies above 6GHz. It’s concerned that, with increased scale of antenna array, wider bandwidth, larger amount of potentially scheduled users as well as practical factors, including complexity, cost, and power consumption, full-digital array based implementation might be unrealistic. In such case, a hybrid antenna array with simpler analog beamformer and dimension reduced TXRU array serves as a reasonable choice to reach better tradeoff between cost and performance. 

In hybrid beamforming, analog beam pair has to be established before transmission and reception. Therefore, on top of CSI measurement/reporting in digital domain, certain RS might still be necessary for beam related measurement and management.  

Besides that, the supported MIMO dimension in both SU and MU operations certainly have direct impact on the DMRS design. As agreed in RAN1 #86 that at least 8 orthogonal DMRS ports is supported for SU as well as MU-MIMO[4]. However, it seems that there’s no strong demand on extension of SU-MIMO dimension [5]. On the other hand, with more and more antennas and users involved in NR MIMO, it’s rational to increase the number of orthogonal DMRS port for MU-MIMO. In addition, the transparency in MU-MIMO also influences the DMRS and relevant control signaling designs. 

Observation 1: it seems that there’s no strong demand on extension of SU-MIMO dimension.

Observation 2: it’s rational to increase the number of orthogonal DMRS port for MU-MIMO.
2.2. DMRS design
Initially, DMRS was introduced to support non-codebook based PDSCH transmission. As only up to four CRS ports are supported, control channel with CRS based TxD transmission dose not easily benefit from the increasing of antennas. With more antenna elements in the array, the virtualization via semi-static weighting of a sub array to form wide sector-wise beam of each CRS port even induces loss in array gain. In ePDCCH, this problem can be addressed by using DMRS based transmission. For NR MIMO with larger-scale antenna system, due to large propagation loss and uncertain factors in mmW band channel, beamforming is much more critical for robust transmission of control information. Therefore, DMRS based transmission for both data and control channel will be utilized in NR.

DMRS for demodulation 
In [7], it’s agreed that, DMRS is the reference signal with main functionalities of data and control demodulation. In addition, it’s also agreed to study the design of DMRS for broadcast channel [8]. As one of the attractive alternatives to ensure coverage, beam sweeping can be used for broadcast and common control channels. However, blind sweeping raises inevitable increase of overhead and delay in repeated transmission of beams. To address this issue, symbol duration shorter than data and dedicated control channel can be considered for beam sweeping procedure. Furthermore, the Tx beams used for consecutive symbols might not be the same. In the most extreme case, the beam can be swept in symbol-by-symbol manner. For user-specific control information, it’s also possible to be embedded in locally swept beams in beam refinement procedure. Therefore, similar situation applies to dedicated control channel too, if the information is to be transmitted with beam sweeping.

Observation 3: in order to demodulate information transmitted in swept beams, the design for DMRS should take the following facts into account

· Numerology, i.e., symbol duration, sub-carrier spacing, etc., different to non-sweeping transmission might be used

·  beams used for consecutive symbols might not be the same, which implies 
· inter-symbol interpolation for DMRS based channel estimation might be impossible, and 

· rather than PRB-level, symbol-level pattern design can be considered for DMRS transmitted in swept beams 
With channel knowledge available through beam management and possible subsequent feedback in digital domain, more efficient unicast can be used for data and dedicated control information transmissions. However, even though the same set of beam pairs maintained in beam management procedure can be utilized for data as well as dedicated control information, the distinct requirements on spectral efficiency and robustness might suggest individual optimizations for their transmission scheme designs. For instance, to achieve higher spectral efficiency, more layers and codewords could be used for data transmission. Meanwhile, the transmission schemes with higher reliability are more relevant to dedicated control information. Therefore, low-rank beamforming or combination of beamforming and open-loop transmission schemes described above could be better choices for dedicated control information. Therefore, if individual designs for data and dedicated control information transmissions is to be employed, the configuration of DMRS, e.g., port allocation, scramble initialization identity, etc., for data and dedicated control channel could be different. 
Observation 3: if individual designs for data and dedicated control information transmissions are to be employed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
To improve the robustness of beam based transmission, combination of beamforming and open-loop transmission is considered for data and control channel. It’s notable that, depending on detailed design of transmission scheme, non-precoded DMRS might also be necessary in efficient supporting control signalling transmission.  This is somewhat deviated from the original definition of DMRS in LTE specification, where a one-to-one mapping between layer and DMRS port implying exactly the same beamforming operation is experienced by each layer and its corresponding demodulation reference signal. Without the same procoding for DMRS, the channel characteristics, e.g., time/frequency selectivity, seen by the receiver would be totally different. Therefore, it should be studied whether the same design can be used for both precoded and non-precoded DMRS.
Observation 4: it should be studied whether the same design can be used for both precoded and non-precoded DMRS, if non-precoded DMRS is also supported in NR.
DMRS for CSI acquisition & beam management  
In legacy LTE systems, DMRS exists only in scheduled TTIs and allocated PRBs for the UEs currently being scheduled. Although more accurate CSI is available with DMRS based measurement, especially for non-codebook based transmission, it’s generally considered to be not suitable for CSI reporting. Alternatively, wideband transmitted and always-on reference signals, such as CRS and CSI-RS, are used for CSI measurement and reporting. In NR, on the other hand, such always-on signals would be kept to the minimum or even totally removed. What’s more, with large number of antennas in NR MIMO, the mismatch between CSI reporting based on measurement RS and actual undergoing channel quality for scheduled UE would be even larger. Therefore, we may need to consider of capitalizing on DMRS for CSI measurement and reporting too. Two potential solutions are 
· Alt-1:as a supplementary measure, provide incremental CSI to CSI-RS based measurement and reporting[6]
· Alt-2: independent CSI feedback based only on DMRS

DMRS based CSI feedback would be of great value for MU-MIMO, which is much more sensitive to CSI accuracy. In MU-MIMO operation, the following use cases can be considered:

· Alt-1: pre-schedule of DMRS, possibly with overhead-reduced pattern, for MU CSI feedback [6]
· Alt-2: estimate DMRS on resources being scheduled for other UEs’ PDSCH transmission and measure interference from potential co-scheduled UEs

In order to establish Tx and Rx beam pair for data and control channel transmission and reception, beam training & tracking are necessary for system based on hybrid array. With such operations, analog beams can be formed without knowing the channel matrix between Tx and Rx antenna arrays. However, it would be highly costly in searching and tracking the thin beam pairs between large arrays in time-varying channel.  In such case, if DMRSs in all the scheduled transmission can also be utilized to measure and track beams for any UE, there will be more opportunities for beam training and refinement, especially for the time units without RS for beam management. As mentioned above, this would be beneficial to MU-MIMO operation too.
Proposal: study the mechanisms supporting DMRS based CSI acquisition and beam management 

In addition to the above mentioned examples, another use case for DMRS based beam management is to use DL DMRS in PDSCH transmission for user side Rx beam adjustment. 

3. Conclusions

This contribution provides our considerations on DL DMRS design for NR MIMO. Based on the discussion above, we have the following observations and proposal:

Observation 1: it seems that there’s no strong demand on extension of SU-MIMO dimension.

Observation 2: it’s rational to increase the number of orthogonal DMRS port for MU-MIMO.
Observation 3: if individual designs for data and dedicated control information transmissions are to be employed, the configuration of DMRS, e.g., port allocation, scrambling initialization identity, etc., for data and dedicated control channel could be different. 
Observation 4: it should be studied whether the same design can be used for both precoded and non-precoded DMRS, if non-precoded DMRS is also supported in NR.
Proposal: study the mechanisms supporting DMRS based CSI acquisition and beam management 
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