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Introduction
In RAN #71, the SID for new radio access technology has been approved [1]. The new RAT considers support of wide range of frequency.  It can be up to 100 GHz [2].  For high-frequency communication above 6 GHz, it suffers from significant path loss and penetration loss. One solution to solve this problem is the deployment of large-scale antenna array to achieve high beamforming gain, which is a reasonable solution due to the small wave length of high-frequency signal.  So it is essential to study multi-antenna scheme for new radio interface including enhanced massive MIMO with different types of beamforming including analog/digital/hybrid beamforming.   
At the same time, NR supports lower frequency i.e. below 6GHz.  MIMO has been an important technology for meeting system throughput requirements in these frequency bands in LTE.    We believe that it will continue to be one of the essential features for new RAT.  To the system design scalable and adaptable to wide frequency range, it is desirable to have universal air interface (UAI).  Therefore, we should strive to have unified framework for NR MIMO.
In this contribution, we give our overview on design aspects about unified MIMO framework for NR with different frequency range.
Unified MIMO framework 
In RAN1#85, it was agreed [9] to study analog/digital/hybrid beamforming.  In addition, multi-beam based approaches and single-beam based approaches are considered.   The following notes indicate that the physical layer design for NR considering different beamforming types and different beam based approaches should be unified as much as possible.
· The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency.  
· The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure.  Single beam approach can be a special case of multi beam approach.
· Single beam approach can be a special case of multi beam approach.
Considering this direction, MIMO framework should be flexible enough to adapt to different situations:
· Beamforming types - Analog/digital/hybrid
· Number of beams  - single beam/multi-beam at TRP or UE
· Channel reciprocity – full/partial/no reciprocity
NR System with sub-6GHz and above-6GHz may have different consideration on these aspects.   We discuss these aspects 
Beamforming types
For practical large scale antenna system, a balance needs to be considered between cost and performance.  Hybrid beamforming, with multiple RF chains and each RF chain linked to an antenna array, can save the number of RF chains and support MIMO transmission at the same time.  In LTE, hybrid beamforming is considered assuming fixed analog beamforming.  In NR with sub 6GHz, digital baseband precoding can still be considered as main form of beamforming as the channel tends to have more multi-paths, similar to LTE.  For NR with above 6GHz, phase shifters for analog beamforming can be considered to be adaptively changing to help steer narrow beams for better beamforming gain.  In [6], three alternatives of TXRU virtualization are discussed.  It is suggested that sub-array partition TXRU virtualization model can be used as the starting point of study.  Hybrid beamforming structure design can be further studied considering that the tradeoff of performance and complexity.  Digital and analog beamforming can be considered as special cases of hybrid beamforming.  The framework should support different beamforming types and make it agnostic to TRP/UE. 
Number of beams
Different number of beams can be considered at each TRP for different frequency bands and different scenarios.  For high frequency communication, narrower beams are considered and hence more number of beams are generally considered because of the need of achieving high beamforming gain.  Single beam approach can be considered for the system which does not rely on beamforming to achieve the coverage.  e.g. Sub-6GHz NR system can consider single beam approach.
In NR system, it is likely that the low power TRPs and UEs can have similar level of complexity and size especially when we consider high frequency.  The evaluation assumption for NR covers the case of having 64 antenna elements at UE at 70GHz.  Considering large amount of antenna at UE side as well, it is also natural to consider hybrid receive beamforming at the UE side.  For low complexity of UE, only one type of beamforming may be considered with lower coverage.   Single beam approach can be used when there is no UE beamforming.  
NR signal design including initial-access signals, reference signals should be scalable to different number of beams.  
Channel reciprocity
Since narrow beams are expected to be used in NR with high frequency, more accurate CSI for transmitter is important. In TDD system, obtaining the entire downlink channel information based on channel reciprocity from uplink reference signal measurement is attractive. However, the following problems may exist in practice:
· UE has different beamforming capability on TX and RX beamforming.  
· Due to different impairments e.g. phase noise on the uplink and downlink chains, the uplink and downlink path can be different and hence the channel reciprocity cannot always hold.
· Sharing of antenna elements between TX and RX radio frequency (RF) chains via RF switches by default has been widely used by below 6GHz systems.   However, with the increase of carrier frequency, signal attenuation induced by antenna elements sharing by TX and RX becomes more severe because of  higher insertion loss through transmit/receive (T/R) switch and transmission loss induced by the transmission lines or feeders. Therefore, the TXU and RXU sometimes have individual dedicated antenna arrays respectively in different locations.  It is unknown how much the impact of these problems on the channel reciprocity is.
In addition, NR with sub-6GHz may not have good channel reciprocity considering fast fading channel especially if FDD is supported.  Therefore, NR MIMO framework (considering both initial access and beam based/CSI feedback after initial access) should support cases both with and without reciprocity.  In fact the framework should be scalable to support different degree of reciprocity i.e. including partial reciprocity.
NR TRP should have the control to configure the system to support full/partial/no reciprocity. The system design should be flexible and scalable to let BS adapt to different scenarios and situations.  
UE can assist TRP to make the decision on how much reciprocity the BS can utilize.  This can be done via UE capability, UE feedback, etc.  
Considering the aspects of channel reciprocity, different beamforming types and approaches, we have the following proposals: 
Proposal 1: Hybrid beamforming scheme can be a good starting point to study a unified MIMO framework for both above 6GHz and sub-6Hz NR systems.  Analog or Digital beamforming is considered as a special case of hybrid beamforming.
Proposal 2:   Design of NR signals including initial-access signals, reference signals should be scalable to different number of beams.  
Proposal 3:   Unified MIMO framework should be flexible to support cases with various degree of channel reciprocity.  
In the following sub-sections, we discuss more details on how to achieve unified MIMO framework considering the above proposals.
Design Aspects of Multi-component and Multi-level Design
In this section, we consider different design aspects considering hybrid beamforming architecture.  Considering beam selection is already supported by Class B in LTE FD-MIMO, similar framework can be considered in NR for both sub 6GHz and above 6GHz systems.   We should strive for a unified MIMO framework for NR systems with different frequency bands.   
In [4][7], we discuss multi-level and multi-component CSI feedback for sub-6GHz.   Similarly, multi-level/component CSI feedback in the form of beam selection can be applied to above-6GHz.  For example, multiple components can refer to components for analog beam selection and digital beam selection.   It can be also a combined selection of hybrid beams.  Multiple component can also refer to multiple TRPs.  For each component, multi-level beam selection process can be considered. For example, three-level beam selection process is used.
1.  The first level of beam selection is the selection of wide beam(s) similar to virtual cell selection based on CSI-RSRP.  The measurement can be based on RS similar to CSI-RS of discovery reference signals.   Depending on the design, multiple wide beams can be selected.  The wide beams can be formed by wide analog beams or hybrid beams.  
2. The second level is for narrower analog beam selection or hybrid beam selection which is similar to CRI (CSI-RS resource index) selection in Class B K>1 of LTE FD-MIMO.  
3. The third level of beam selection is for digital beam selection which is similar to PMI selection.
Further refinement is possible using further levels with the scheme like Class B K=1 for beam refinement.  With this framework, CSI feedback with beam selection can be supported for all frequency bands. 
Proposal 4:  Strive for a unified MIMO framework for sub-6GHz and above-6GHz NR systems.  Multi-component and multi-level CSI feedback framework can be considered. 
Proposal 5: Considering the similar beamforming structure, Class B CSI reporting in LTE FD-MIMO can be a good reference for design of beam selection and refinement.
For NR with high frequency, the design aspects in the following sections should be further studied.
1.1.1 Reference signal design for beam selection
· Periodic and aperiodic(on-demand) reference signals for beam selection
Periodic reference signal is the simplest way for beam selection especially considering the first level.  As long as the parameter of periodic RS is set, beam selection is conducted in reserved resources.   However, this may result in some resource waste and generates unnecessary interference.  This limits the flexibility of beam selection. Thus, pure periodic way for beam selection is not good for forward compatibility.   Compared to periodic beam selection, beam selection can be more flexible for aperiodic beam selection.  Beam selection can be conducted only when it is needed such as when there is blockage or disconnection or deterioration happens or just after wake-up when the data comes.  Since it is aperiodic, flexible resource allocation for beam selection can be achieved.  Designing a proper mechanism of triggering for beam selection is critical.  It would be challenging especially if we consider standalone NR high frequency network.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid periodic reference signal.
Proposal 6:  Study and identify the cases of using aperiodic reference signals and avoiding periodic reference signals. 
· Reference signal design considering the constraint of analog beamforming
Analog beamforming at the same TXRU cannot be frequency selective.  Therefore, we have the constraint that all the signals at the same TXRU need to have the same analog beam in the same time symbol.  On transmit side, it means that CSI-RS ports with different analog beams can only be multiplexed in different symbols.  
Considering analog receive beamforming, it means that multiple shots of the reference signals with same transmit beam should be transmitted in different symbols for UEs to perform receive beam scanning.  
1.1.2 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Self-contained design for beam selection
Considering less stable high frequency radio link, it is desirable to support triggering of beam selection, CSI measurement and CSI reporting in the same subframe for fast beam selection. This enables the flexibility for the network to configure the desired measurement RS and trigger the CSI component/level according to its need.  The network can then flexibly configure number of beams and granularity of beams and inform the UE about the information of reference signals and the feedback configuration.    In addition to time domain, self-contained resources can be frequency domain resources or beam/port resources.  Further study should be done to investigate into the UE complexity of feeding back the beam selection/CSI information in the same subframe.  If self-contained design is not possible for some cases, the feedback timing can be considered to be configurable.  
Proposal 7:  Support self-contained design to have triggering of beam selection, CSI measurement and CSI reporting in the same subframe.
1.1.3 Feedback content for beam selection
In LTE, CSI-RSRP is fed back in the first level, CRI is fed back in the second level and CSI of the selected CSI-RS is fed back in the third level as described above.  The feedback content for NR can be further studied.  Depending on how the feedback is expected to be used on the network side, the feedback content can be different.  For example, if the network needs to do scheduling after the first level beam selection, the feedback needs to satisfy this requirement.  The feedback content also can be considered to be configurable.
Proposal 8:  Study further the exact content of CSI feedback for beam selection 
1.1.4 Data Transmission
In order to support the requirement of high data throughput for NR, spatial multiplexing for data transmission is necessary.  It is expected that SDM (spatial division multiplexing) will play a more important role for MIMO transmission in high frequency.  For example, data of different user may transmit in the same time/frequency/code domain and only with different beams, as shown in Figure 2, where the data channel for UE1, UE2 and UE3 are transmitted respectively in beam 14, beam 0 and beam 2 of TP1 with the same time/frequency/code resource.  At the same time, UE1 is also served by TP2.  Non-coherent joint transmission can be considered.  This enables higher degree of freedom in LOS environment which is often the scenario for high frequency.  Also, due to power limitation of single TP over large bandwidth in high frequency bands, multiple-TP transmission becomes important.


Figure 2 Multi-user multiplexing with SDM
In addition, to increase robustness, open-loop/semi-open-loop scheme can be considered.  In LTE, many MIMO transmission modes are specified for the evolution of MIMO techniques.  To make the spec neat and to consider forward compatibility, it is preferable to have one unified MIMO transmission mode to support different MIMO schemes e.g. open/semi-open/closed loop SU-MIMO, MU-MIMO, single point and multiple point transmission so that these transmission schemes can be dynamically switching in different resources.  The same transmission mode can be used for digital/analog/hybrid beamforming to support different frequency bands.
Proposal 9:  Strive to use one unified transmission mode for dynamic switching among different MIMO schemes and different beamforming types.
1.1.5 DMRS Design
In LTE, DMRS port allocation is quite flexible and scalable.  We can continue to have such scalable design with higher flexibility especially when we consider multi-point transmission.  In LTE, data and demodulation symbol are multiplexed in time and frequency resources.  This limits the demodulation efficiency.  To support on-the-fly decoding, time-domain multiplexing can be considered e.g. in the same symbol.  This reduces the latency of data demodulation and decoding.   DMRS now is fixed in the same location.  More flexible configuration can be considered to adapt to different requirement of granularity.  To adapt to different requirements e.g. in different frequency bands, we propose multi-level of DMRS. The first level of DMRS always exists and the other level of DMRS can be configured if higher accuracy of DMRS is needed.   In addition, to support transparency of different beamforming types, we propose the structure of multi-shot DMRS symbols in [8].  Multi-shot DMRS is used for the UE to scan the receive beamforming.
Proposal 10:  Support multi-level and multi-shot DMRS for fast beam selection and receive beamforming
Control channel transmission
In additional to data channel, design of MIMO framework should also consider support of beam based control channel, broadcast channel and synchronization signal.   It would be a challenge to consider coverage and robustness for control channel.  Since the characteristic of robustness for control channel transmission is very important, transmission by a wider beam than that used for data channel transmission can achieve more robustness, but it would make beam management such as beam training/tracking more complicated and result in coverage imbalance between control channel transmission and data channel transmission. 
Multi-component control channel with narrow/wide beams can be considered.  For example, narrow beam with large gain is used to overcome propagation attenuation and reduce overhead in high frequency communication, but the possibility of channel blockage for narrow beam is higher than wide beam. Therefore, the network should have the ability to configure UEs to detect various control channel component in different time unit.
It is harder to semi-statically configure parameters of control channel.  We can consider multi-level control channel. The first level is to inform the essential parameters for control channel like PCFICH with more robust MIMO transmission e.g. transmit diversity or using wide beam.  The second level can use narrower beam.  
Proposal 11: A multi-level/component control channel transmission scheme should be considered for transmission robustness and flexibility.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, some considerations and design aspects on MIMO/beamforming for new radio interface especially for above 6 GHz are discussed. According to our analysis and discussion, following proposals are given out:
Proposal 1: Hybrid beamforming scheme can be a good starting point to study a unified MIMO framework for both above 6GHz and sub-6Hz NR systems.  Analog or Digital beamforming is considered as a special case of hybrid beamforming.
Proposal 2:   Design of NR signals including initial-access signals, reference signals should be scalable to different number of beams.  
Proposal 3:   Unified MIMO framework should be flexible to support cases with various degree of channel reciprocity.  
Proposal 4:  Strive for a unified MIMO framework for sub-6GHz and above-6GHz NR systems.  Multi-component and multi-level CSI feedback framework can be considered. 
Proposal 5: Considering the similar beamforming structure, Class B CSI reporting in LTE FD-MIMO can be a good reference for design of beam selection and refinement.
Proposal 6:  Study and identify the cases of using aperiodic reference signals and avoiding periodic reference signals. 
Proposal 7:  Support self-contained design to have beam selection triggering, channel/interference measurement and CSI reporting in the same subframe.
Proposal 8:  Study further the exact content of CSI feedback for beam selection
Proposal 9:  Strive to use one unified transmission mode for dynamic switching among different MIMO schemes and different beamforming types.
Proposal 10:  Support multi-level and multi-shot DMRS for fast beam selection and receive beamforming
Proposal 11: A multi-level/component control channel transmission scheme should be considered for transmission robustness and flexibility.
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