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1 Introduction
The 5G SI aims to develop new radio technologies necessary for NR systems to address different user scenarios, requirements and deployment scenarios with a common framework [1]. In the RAN1#85 meeting, multi-antenna scheme for new radio interface was discussed as a key feature to meet the requirement of future 5G. Companies expressed their initial views regarding different perspectives of MIMO, both for below 6GHz and above 6GHz range [2]. It is expected that within a common NR MIMO framework, different user scenarios and multiple transceiver architectures utilizing analog, digital and hybrid beamforming scheme can be supported.  
The following agreements were reached in RAN1#85:

Agreements:
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· Note: 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
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: 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
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration

· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)
· Antenna diversity
· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

Agreements:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 

· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)

· E.g. UL sounding signals
· Other example is not precluded
In this contribution, we compare two classes of multi-beam beamforming approach, one based on beam selection and the other based on more detailed CSI feedback including PMI feedback, in terms of their applicabilities, advantages, and disadvantages. 
2 Discussion
· Beam-selection based approach
A TRP can transmit with multiple beams. Beam sweeping is one way of deploying multiple beams where a TRP transmits with one beam at a time. This is particularly applicable to analog beamforming, and to some degree to hybrid beamforming too, where a beam is defined by a set of phase shift in the RF circuit. The details of the beams may be transparent to the UEs, allowing the TRP much implementation freedom. Channel measurement, CSI reporting, and DL transmission can be all made on the beam basis. Each beam is associated with beam specific RSs and a beam index. A UE can conduct measurement on the beam RSs and report the beam RSRP to the TRP. The TRP can determine the best beam to use to transmit to a UE based on the CSI feedback. 

The beam based approach is attractive for its simplicity. It also makes the TRP transceiver (digital/analog/hybrid) architecture transparent to the UE. Non-UE-specific beams are transmitted at least for synchronization signals and basic system information. Periodic transmission of non-UE-specific beams serves the purpose of TRP identification, initial frequency and timing synchronization, and basic system information acquisition for accessing UEs. A UE deploying beam-based transceiver can use non-UE-specific beams to determine its best beam to receive from and transmit to a TRP. Each TX beam needs its own beam RS, so the beam training overhead is proportional to the number of beams deployed at the TRP NTRP. When beam based approached is deployed at the UE too, assuming UE can only receive with one beam at a time,  the time required for initial beam training is proportional to NTRP NUE, where NUE is the number of RX beams at the UE. Once the UE determines its best beam to receive from a TRP, it can stay with that beam, so the factor NUE, becomes largely irrelevant after initial access.  Periodic RX beam retraining may be needed, but the overhead of retraining is usually much less than the initial access because an exhaustive search will not be necessary. 

An example of beam-selection based design is the Verizon 5G specification (V5G) [3]. Up to 6 beams can be supported, where each beam RS (BRS) occupies an OFDM symbol. Up to 8 transmission ports can be supported within a beam. In BRS different ports are distinguished with length 8 OCC. Figure 1 shows the BRS structure of V5G.
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Figure 1. BRS design of V5G, where each beam RS occupies a symbol. 
A TRP can also fine tune a beam specifically to a UE. After a TRP receives beam state information reported by a UE, TRP can further transmit additional beam refinement RS (BRRS). The beam refinement RS can be UE specific and allows UE to make additional BRRS measurement and further reports to the TRP. Figure 2 shows the BRRS (beam refinement RS) of V5G. 
Note that different BRRS are transmitted in the same OFDM symbol. If different ports represent different beams (or different variations of the same beam), it may not be possible for analog beamforming transmitters since analog beamforming (phase shifting) is not frequency specific. 
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Figure 2. BRRS of V5G.

· PMI-based approach
With the PMI-based approach, a UE measures beamformed RSs from the TRP and provides implicit or explicit feedback of the channel state information, such as PMI. Some of the schemes developed in Rel.14 FD-MIMO can be reconsidered. Compared with the beam-selection based approach, PMI-based approach may offer finer spatial beam resolution with less BRS overhead. This is important for UE specific transmissions such as PDCCH and PDSCH, and may lead to increased multiplexing gain and higher system capacity.  

Compared with all digital beamforming, analog and hybrid beamforming are limited on how the signals are the RF circuit structure, and the resolution of the phase shifters. Different (digital/analog/hybrid) transceiver architecture at the TRP may impose different limitations on the precoding matrices. This limits the applicability of PMI-based feedback scheme.  This also makes it implementation dependent. 
The comparison between beam-based approach and PMI-based approach can be summarized as follows:

Beam-selection based approach: 
· Advantages: 

· Suitable for non-UE-specific channel such as synchronization channel and MIB transmission, as well as UE-specific channel such as PDCCH and PDSCH; 

· Can provide good cell coverage with careful beam implementation;
· Implementation flexible, transparent to the TRP (digital/analog/hybrid) transceiver architecture, transparent to the UE;
· Simplicity in UE measurement and feedback;

· Disadvantages: 

· high RS overhead, high initial training overhead especially when beam-based RX is used at the UE;
· UE-specific beams may be generated with additional overhead.

PMI-based approach: 

· Advantages:

· Potentially finer spatial beam resolution without excessive beam RS overhead;
· Suitable for UE-specific channels such as PDCCH and PDSCH;

· Disadvantages:

· Different TRX transceiver architecture (digital/analog/hybrid) may have different limitations; it may depend on the implementations;

· PMI-based CSI feedback requires more complicated UE measurement.
Based on these observations, we make the following proposal:

Proposal 1: Both beam-selection based approach and PMI-based approach are studied, with beam-selection based approach targeting both non-UE-specific channel and UE-specific channel, and PMI-based approach targeting UE-specific channel;
Proposal 2: The comparison of beam-based approach and PMI-based approach should be made in the context of the transceiver (digital/analog/hybrid) architecture. 

3 Conclusions
In this contribution, we compared beam-selection based beamforming approach and PMI-based beamforming approach, and made the following proposals:
Proposal 1: Both beam-selection based approach and PMI-based approach are studied, with beam-selection based approach targeting both non-UE-specific channel and UE-specific channel, and PMI-based approach targeting UE-specific channel;

Proposal 2: The comparison of beam-based approach and PMI-based approach should be made in the context of the transceiver (digital/analog/hybrid) architecture. 
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