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Introduction
In the previous RAN1 meetings, we had discussion on implementation of MIMO beamforming schemes for NR. The agreements in RAN1 #85 is captures as follows [1].
	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


In this contribution, we present our considerations on hybrid beamforming design for NR.
Discussion 
For LTE/LTE-Advanced, it is assumed that precoding is performed in digital circuit, i.e., using digital beamforming. For higher frequency, on the other hand, it is not feasible to support full digital beamforming due to the limitation of hardware cost and power consumption. Hence, it is very important that we study analog and hybrid beamformig for NR. In addition, it is important to have baseline design on hybrid beamforming, since there are many configurations in terms of antenna element (AE) design, TXRU-to-AE mapping, etc. Figure 1 shows two major transceiver architectures for hybrid beamforming. They differ by TXRU-to-AE mapping and achievable analog beam width. For analog beamforming, precoder can be dynamically controlled by adjusting signal phase for each antenna element. Generally speaking, the hardware cost will increase with the increasing phase resolution. So how to generate the total number of candidate analog beams with a lower requirement of phase shifters could be discussed and DFT-based codebook can be a starting point. In addition to the codebook type, the suitable analog codebook structure and size should also be discussed, which may impact the UE behavior of analog beam selection and management. It is noted that analog beamforming can’t achieve frequency-selective precoding, since analog phase shifting weights are commonly applied within the entire system bandwidth. There are two types of precoders that are to be determined for hybrid bemforming; those are precoder within AEs mapped to single TXRU and that across different TXRUs. For simplicity, they are called as intra-TXRU and inter-TXRU precoders hereafter. For non-reciprocal systems, intra-TXRU precoder is to be determined by BF RS, since multiple orthogonal sequences can’t be transmitted from AEs mapped to a common TXRU. And with the increasing analog beam number, the overhead of BF RS will keep increasing, methods to multiplex large number of BF RS with a reasonable overhead and effective beam selection schemes should also be investigated. On the other hand, inter-TXRU precoder can be controlled in both of digital and analog domains. But it can be assumed that inter-TXRU precoding is performed in digital domain without loss of precoding capability. It is also advantageous considering analog beamforming is only applicable in wideband. This digital precoder can be determined based on either or both of NP and BF RS.
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(a) Subarray partitioning                                       (b) Full connection
Figure 1: Transeiver architecture for hybrid beamforming

Observation 1: Following two types of precoders should be determined for hybrid beamforming.
· Precoder applied to AEs which is connected to a common TXRU (intra-TXRU precoder)
· Precoder which is applied across TXRUs (inter-TXRU precoder)
Observation 2: Intra-TXRU precoder is controlled in analog circuit. That is determined by BF RS.
Observation 3: Inter-TXRU precoder can be assumed to be controlled in baseband circuit. That is determined by either or both of NP and BF RS.
Figure 2 shows example TRP antenna configurations for mmWave band, which was identified in the previous meetings [2]. The baseline AE configurations are (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2) and (8, 16, 2, 2, 2) for 30 and 70 GHz scenarios, respectively. TXRU-to-AE mapping was also determined as examples. More specifically, a TXRU is mapped to adjacent AEs with the number of 1 or 4 TXRUs/panel/polarization. As discussed above, we need to determine two types of precoders, which are intra-TXRU analog precoder and inter-TXRU digital precoder. For the example antenna configuration, intra-TXRU operation controls precoding vectors for adjacent AEs. Generally, if AEs are close to each other, it can generate wider beam pattern with smaller number of side lobes, while separate AEs generate a number of narrow beams towards widely spread angles. It means that intra-TXRU beam control is generally more suitable for long-term and wideband beam control. It is also feasible, since analogue beam can be controlled only in a wideband manner. On the other hand, inter-TXRU digital beam control can be performed to refine analogue beam in a short-term and/or subband manner. Due to this kind of “two-level” beamforming architecture, many open issues shall be studied in order to design an overall transmission scheme, which include beam scheduling, multi-user pairing based on the analog beam selection results, etc. From the discussion above, we have following observations and proposals.
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(a) 30 GHz                                                    (b) 70 GHz
Figure 2: Example TRP antenna configurations for mmWave band
Observation 4: Intra-TXRU analog precoder can make wider beams with less side lobes. It is suitable to be used for long-term and wideband precoding. On the other hand, inter-TXRU digital precoder can be used for short-term and subband precoding.
Proposal 1: Study intra-TXRU analog precoding scheme using BF RS especially for long-term and wideband control.
Proposal 2: Study inter-TXRU digital precoding scheme using NP and BF RS especially for short-term and subband precoding.
Summary
In this contribution, we presented general views on hybrid beamforming for NR. Based on the discussion, we made the following observations and proposals.
Observation 1: Following two types of precoders should be determined for hybrid beamforming.
· Precoder applied to AEs which is connected to a common TXRU (intra-TXRU precoder)
· Precoder which is applied across TXRUs (inter-TXRU precoder)
Observation 2: Intra-TXRU precoder is controlled in analog circuit. That is determined by BF RS.
Observation 3: Inter-TXRU precoder can be assumed to be controlled in baseband circuit. That is determined by either or both of NP and BF RS.
[bookmark: _GoBack]Observation 4: Intra-TXRU analog precoder can make wider beams with less side lobes. It is suitable to be used for long-term and wideband precoding. On the other hand, inter-TXRU digital precoder can be used for short-term and subband precoding.
Proposal 1: Study intra-TXRU analog precoding scheme using BF RS especially for long-term and wideband control.
Proposal 2: Study inter-TXRU digital precoding scheme using NP and BF RS especially for short-term and subband precoding.
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