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Discussion 
1. Introduction
At 3GPP RAN1#85 meeting, multi-antenna scheme for NR has been discussed and some agreements were achieved as in [1]:

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

· Analog beamforming 

· Digital beamforming 

· Hybrid beamforming 

· 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 

· 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 
In this contribution, some considerations on multi-antenna scheme design will be discussed. 
2. Discussion
Multi-antenna scheme is one of fundamental features for NR, especially for higher than 6GHz frequency bands. Unlike regular frequency bands for cellular systems, NR potential bands with 6GHz~ 100GHz have much larger path-loss which induce the cell coverage to decrease sharply. A large scale number of antenna arrays can generate narrower beams in demanded directions on which the radiation power will be concentrated. Consequently the received SNR is improved and intra-/ inter-cell interference can also be suppressed. Furthermore the wavelengths of higher bands are much smaller and the number of antenna arrays can be configured larger on the certain antenna surface which is easier to implemented and deployed. 
· Beamforming implementations 

Three implementations of beamforming were agreed to be further studied in NR as analog beamforming, digital beamforming and hybrid beamforming. The main differences between these three implementations are numbers of TXRUs & antenna elements and how beamforming processing performed [2]. 
Assuming the number of TXRUs equals to Q and the number of antenna elements equals to L, typically for digital beamforming L is larger than Q (L>Q in comparable quantities) and L is much larger than Q for analog/ hybrid beamforming (L >> Q even not in the same level of quantity). Beamforming process can be performed at baseband (digital beamforming), RF (analog beamforming) or baseband & RF (hybrid beamforming). Different locations of beamforming operation have the impacts on the flexibility of beamforming vectors generating which further affect the DL performance and implementation complexity. In frequency bands under 6GHz, digital beamforming is more appropriate since it dynamically change the beamforming weights to get optimal performance. Hybrid beamforming could also be the potential scheme for lower bands. However analog/ hybrid schemes are applicable in higher bands considering relative large number of antenna elements and high power consumption of RF components.
Some companies propose above implementations of beamforming should be transparent to UEs and allowing vendors implementation-based schemes. However some implementation issues should be considered during multi-antenna scheme design such as throughput of fronthaul interface and data mapping from TXRUs to antenna elements. In legacy wireless accessing systems, IQ data is transmitted on CPRI interface between baseband and TXRUs. 10Gbps optical module of CPRI interface is adopted in LTE FDD 20MHz network practical deployment. If IQ data was still transmitted between baseband and TXRUs, CPRI interface would at least use 100Gbps optical module to meet peak data rate of 10Gbps ~ 20Gbps for NR. Another method to solve the fronthaul throughput issue is to redefine the data processing functions of baseband and TXRUs e.g. functions of IQ data generating and precoding/ modulation. Because of different of L and Q or even uncomparable, the data mapping from TXRUs to antenna elements should be taken into account by utilizing precoding vectors. Thus precoding vectors of TXRUs to antenna elements mapping should be studied.
Observation 1: some implementation issues should be considered during multi-antenna scheme design such as throughput of fronthaul interface and data mapping from TXRUs to antenna elements. 
· Reciprocal and non-reciprocal transmission 

It is generally believed that channel reciprocity is easier to realized and used to acquire DL channel state by measuring UL channel in time-division duplexing operation. In TD-LTE, DL channel state information is usually obtained by measurement of UL SRS. However the hardware chains in the base station and terminal transceivers may not be reciprocal between the UL and the DL and calibration of the hardware chains is further studied as illustrated in [3]. Therefore both reciprocal and non-reciprocal transmission should be considered. Another reason for non-reciprocal transmission is frequency division duplexing operation not precluded especially for refarming frequency resources in under 6GHz frequency bands.   

Observation 2: both reciprocal and non-reciprocal transmission should be considered.
3. Conclusion

In this contribution, we discuss initial views on multi-antenna scheme design for NR. The following observations can be summarized: 
Observation 1: some implementation issues should be considered during multi-antenna scheme design such as throughput of fronthaul interface and data mapping from TXRUs to antenna elements. 
Observation 2: both reciprocal and non-reciprocal transmission should be considered.
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