	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #86	R1-166789
Gothenburg, Sweden, 22nd – 26th August 2016
[bookmark: Source]Agenda item:	8.1.5  
Source:	Samsung
Title:	Analog/digital/hybrid beamforming for massive MIMO
Document for:	Discussion
Introduction
In RAN1#84b, an agreement [1] was made to study massive MIMO analog/digital/hybrid beam-forming for NR. 
In the same meeting and in the subsequent e-mail discussion [84b-13], an evaluation assumption has been agreed for the number of TRP antenna elements:
· 700MHz: Up to 64 Tx /Rx antenna elements 
· 4GHz: Up to 256 Tx /Rx antenna elements 
· 30GHz: Up to 256 Tx /Rx antenna elements; 
· [84b-13 agreement] Continue discussion whether to increase the number of antenna elements.
· 70GHz: Up to 256 Tx /Rx antenna elements
· [84b-13 agreement] Up to 1024 Tx /Rx antenna elements
On the other hand, the agreed evaluation assumption for the number of UE antenna elements is:
· 700MHz: Up to 4 Tx /Rx antenna elements 
· 4GHz: Up to 8 Tx /Rx antenna elements 
· 30GHz: Up to 32 Tx /Rx antenna elements 
· 70GHz: Up to 32 Tx /Rx antenna elements
According to these decisions, RAN1 is encouraged to evaluate much larger than 64 antenna elements, which has been used in the evaluations of the FD-MIMO. 
This contribution analyzes the issues arising with the large number of antenna elements in relation to digital, analog and hybrid beamforming schemes, and proposes areas to further study. 
Transceiver Architectures with Massive MIMO
NR massive-MIMO antenna modeling for system-level evaluations has been discussed in a companion contribution [3]. According to the agreements in RAN1#84b and subsequent e-mail discussions, uniform rectangular panel array (URPA) can be used as an antenna configuration for NR evaluations. 
Owing to implementation constraints, cost and design complexity, it is not expected that the initial NR systems will employ fully digital system, in which the number of TXRUs is the same as the number of antenna elements and the antenna elements are one-to-one mapped to TXRUs. In practical deployments, the number of TXRUs is likely to be less or much less than the number of antenna elements. The system design choices in this case are:
· Option 1: Digital beamforming architecture
· Option 2: Analog beamforming architecture
· Option 3: Hybrid beamforming architecture
Indeed, a similar discussion has already happened during the initial stage of the FD-MIMO SI. A tdoc [4] submitted to FD-MIMO SI explained technical details related to element to TXRU mapping, and proposed to study subarray partition and full connection. However, several aspects need to be further discussed in this NR study item, on top of what are currently available in the FD-MIMO TR [2]. The one of the main aspects is beamforming architecture, which will be subsequently discussed in this section. 
Beamforming architecture:
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[bookmark: _Ref398488099]Figure 1 TXRU to antenna-element mapping: an example
In subarray partition architecture illustrated in Figure 1 (copied from [4]), a TXRU is mapped to a number of antenna elements, through a feed network. So far in the FD-MIMO evaluations, it is assumed that TXRU virtualization weights which comprise the feed network are static within the simulation duration, although the possibility of time adaptability of TXRU virtualization weights has been briefly discussed during the FD-MIMO SI. In FD-MIMO scenarios, the basic coverage was provided by 17 dBi beamforming gain, which is typically attainable with a TXRU mapped to 8-10 vertically placed antenna elements with static virtualization, and there was little motivation to consider time adaptation of the virtualization weights. 
In NR, the necessity of static virtualization weights needs to be revisited, especially in light of the number of TXRUs, number of antenna elements and the channel conditions. A tdoc [6] submitted to RAN1#84b has discussed relevant points to this. Relevant contents are reproduced below for completeness of this contribution. 
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Figure 2 Coupling loss and geometry SNR based on LOS angles, for UMi at 28GHz
Based on the recent agreements and relevant tdocs in the channel model SI [2], coupling loss (CL) and LOS-angle based geometry SINR for UMi homogeneous network at 28GHz are evaluated and shown in Figure 2. The CL cdf curves show that the 28GHz PL is about 20 dB worse than 2GHz PL at 50%tile. This can explain one of the great challenges for designing cellular communication systems for 28GHz. The design choices to combat this high PL are to increase transmit power, or to increase number of antennas to achieve higher beamforming gains. For LTE UMi at 2GHz, the BS transmission power is assumed to be 41 dBm for supporting 10 MHz. However, with BS Tx power of 35 dBm at 28GHz, the resulting geometry SINR with adopting the simulation parameters from phase-1 calibration of TR36.873 [7] corresponds to the red cdf curve on the right hand side of Figure 1. It can be seen that more than 50% UEs suffer from less than 0dB geometry SINR, if 35 dBm Tx power is used. As further increasing Tx power is likely to be quite challenging, the remaining approach would be to increase the number of antennas so that the beamforming gain can compensate the high PL. In the same plot, the effect of beamforming is emulated with higher Tx powers. With 4x more beamforming gain, which is emulated with 41 dBm Tx power, some SINR improvement is observed, but more than 40% UEs still suffer from less than 0 dB SINR. With 32x more beamforming gain, which is emulated with 51 dBm Tx power, the 28GHz geometry cdf approaches close to the 2GHz one. As the geometry plots are obtained with K=10 antenna elements providing 18 dBi directional antenna gain, BS will need to be equipped with ~320 antennas if 32x more beamforming gain needs to be solely achieved at the BS. An attractive alternative to this could be to split the 32x beamforming gain to BS and UE, so that the BS has about 10x8 = 80 antenna elements and the UE has about 4 elements. Note that these ballpark numbers are good for system to achieve only the basic coverage. In order to achieve the aggressive eMBB target (e.g., [20] bps/Hz peak spectral efficiency for DL according to [5]), it is likely that a few multiple of these numbers are necessary at both eNB and UE. 
In LTE evaluations, it is assumed that the basic coverage is provided by a CRS with a coverage beam pattern, which is wide in azimuth to cover a whole horizontal sector, narrow in elevation to provide 18 dBi directional antenna gain and inter-cell interference reduction via downtilting. 
For certain NR scenarios in which basic coverage is ensured only with a large direction antenna gain far beyond 18 dBi, a corresponding coverage beam pattern is likely to be quite different from the one assumed for the LTE evaluations. When beamforming gain is large, the beam width tends to get reduced, and hence the coverage beam with the large directional antenna gain cannot cover the whole horizontal sector area. 
Observations: 
· For certain scenarios in NR, large directional antenna gain far beyond 18 dBi is necessary to provide basic coverage to the coverage area of a serving cell. 
· The “narrow” coverage beam in this case is not able to cover the whole sector area in 3-sector configuration. 


Figure 3 A URPA with 2x2 panels, each of which is (M,N,P) = (8,4,2) URA
These observations imply that even basic coverage signals (such as synchronization signals, physical broadcast signals, etc.) need to be provided with a narrow beam pattern, which does not cover the whole serving area. To cover the whole serving area, multiple narrow coverage beams differently steered to cover different sub-serving areas are necessary to be introduced. In some literature, the provision of multiple narrow coverage beams for this purpose has been called “beam sweeping.”
To facilitate the understanding of the beam sweeping better, an example with a URPA with 2x2 panels illustrated in Figure 3 is investigated. The URPA has four panels, and each panel is (M,N,P) = (8,4,2) URA. Depending on the number of TXRUs used for the URPA, three particular configurations below are constructed:
· (Configuration 1) The system has 256 TXRUs, 32 TXRUs per panel per polarization. This system has full-digital architecture;
· (Configuration 2) The system has 32 TXRUs, 4 TXRUs per panel per polarization in which 2x2 subarray partition architecture is employed;
· (Configuration 3) The system has 8 TXRUs, 1 TXRUs per panel per polarization.
In Configuration 1, which has full-digital architecture, the multiple narrow coverage beams can be constructed in the digital domain with full flexibility. In this case, the multiple beams can be multiplexed in the frequency domain as well as in the time domain. On the other hand, in Configuration 3, the multiple narrow coverage beams for a panel per a polarization can be constructed only in the analog domain, which can be called “analog beamforming”. In this case, the multiple beams can be multiplexed only in the time domain. Finally, Configuration 2 provides an intermediate option between Configurations 1 and 3, which can be called “hybrid beamforming”. The multiple narrow coverage beams can be constructed in both digital and analog domains: analog beamforming on the subarrays give an intermediate-beamwidth coverage beam; and digital beamforming on top of those subarray analog beams provides multiple narrow coverage beams within the intermediate-beandwidth coverage beam. 
It is our understanding that network vendors should be able to choose one of these different configurations based on the constraints, e.g., cost, complexity, power consumption, etc. In order for NR to provide such a flexibility, it is proposed that the NR specification should support analog & hybrid beamforming as well as digital beamforming. Especially for analog and hybrid beamforming, the beam-sweeping involves time variability of TXRU virtualization weights, which seems to be essential to provide the basic coverage to some NR scenarios. These discussions should be taken into account at least for the design of initial access signals. 
Observations: 
· Beam-sweeping is necessary for providing basic coverage for some NR scenarios.
· Digital, analog and hybrid beamforming are available implementation options. 
Proposals:
· The NR should support beam sweeping.
· The NR should support the time variability of TXRU virtualization weights, at least for the initial access signals.
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The observations and proposals made in this contribution are summarized below.
Observations: 
· For certain scenarios in NR, large directional antenna gain far beyond 18 dBi is necessary to provide basic coverage to the coverage area of a serving cell. 
· The “narrow” coverage beam in this case is not able to cover the whole sector area in 3-sector configuration. 
· Beam-sweeping, which is to provide multiple narrow beams to cover a wide coverage area, is necessary for providing basic coverage for some NR scenarios.
· Digital, analog and hybrid beamforming are available implementation options. 
Proposals:
· The NR should support beam sweeping.
· The NR should support the time variability of TXRU virtualization weights, at least for the initial access signals.
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