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1. Introduction

In the RAN1#85 meeting, it was agreed to study both single-beam and multi-beam based approaches for transmission of different physical channels. The beam weight of a specific antenna panel is fixed in single beam-based approach while it is dynamically changed in multi-beam based approach. 
In this contribution, we discuss multi-beam support for L1 control channel (NR PDCCH). The goal of this contribution is to compare control channel transmit/reception using single best beam and multiple beams. Particularly, we account for differences in performance and operational/beam management flexibility of these two schemesWe assume that beam training/management mechanism (e.g. [1]) is carried out between TRP and UE before the control channel transmission.
2. Beamforming Options
In [2] and [3], we proposed
· Both digital and hybrid (analog and digital) beamforming techniques shall be considered for NR.
· NR MIMO should be supported by using DM-RS signals and (dynamically and semi-static scheduled) CSI-RS.

· NR system design should consider UE beamforming in various aspects including: UE side beam acquisition; Beam management in various scenarios; Downlink/uplink channel/signal design.
In this contribution, we assume the hybrid beamforming architecture as a baseline UE receive beamforming assumption since the architecture has more restriction than full digital beamforming architecture where the UE receive beamforming is more flexible. Also, we consider beamformed NR PDCCH using DMRS.
With these assumptions, the following beamforming options for NR PDCCH can be considered.
Option 1: A single TRP Tx and UE Rx beam, which is aligned with dominant channel cluster direction. 

Option 2: Multiple TRP Tx and UE Rx beams, which are aligned with best-B channel cluster direction.  

Option 3: Multiple TRP Tx and omni UE Rx beam.
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Figure 1 Beamforming options for TRP and UE
The beamforming options above are illustrated in the Figure 1. The main motivation of option 1 is to offer flexibility in maximizing beamforming gain for control channel transmission, while option 2 or option 3 provides more flexible beamforming operation and robust transmission against possible channel blockage effect. In case of option 1, TRP may not be able to change beam directions without indication to UE or without properly defined procedure for beam changing. On the other hand, in option 2, TRP may change beam direction within best-B beams. As an extreme case, in option 3, TRP can change beam directions to whatever it wants or even different TRPs can transmit without any indication or without extra procedure (e.g. fast sector/TRP changing). Also, option 3 does not require UE to form multiple beam at the same time. So, operation point of view, option 3 is the most flexible following option 2 and then option 1 while the expected performance will be in opposite order, i.e. option 1 > option 2 > option 3. More detail discussion on operation scenario can be found in Section 4.
3. Performance Comparison

To evaluate the performance vs robustness trade-off, option 1 and option 2 were simulated using link-level models. Detail simulation assumptions can be found in appendix. 

For option 2, the control channel transmitted using two best Tx/Rx beams pairs. Two different beams for TRP and UE were used on the antennas of different polarization with SFBC precoding.
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Figure 2 Performance without blockage
In Figure 1 the link-level performance is provided for CDL-A/CDL-B channel models without blockage. Three antenna configuration were considered (4,32,2), (4,16,2) and (4,8,2). It can be see that Option 1 provides the performance better than Option 2 when there is no blockage. 

In Figure 2 the link-level performance is provided in the scenarios with blockage. The blockage position was selected in such way to block the centre of the main channel cluster after beamforming setup. In this case, the channel gain corresponding to the main path is reduced by about 10-15dB.
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Figure 3 Performance with blockage
It can be seen from Figure 2, that in CDL-B channel model after the blockage, there is performance loss of single-beam transmission of the control channel comparing to multi-beam. In other words, multi-beam is more robust against the channel blockage. Interestingly, single-beam (i.e. Option 1) still performs better than multi-beam (option 2) in case of CDL-A even after blockage. This is due to the best cluster is much better than second best cluster in terms of power and angle of departure (AoD). On the other hand, in CDL-B channel model, the best two clusters are quite symmetric, and thus, Option-2 is better than Option-1 after blockage. Summarizing discussion above the following proposal can be made:
Observation 1: A single beam performs better when there is no blockage.
Observation 2: Multiple beam shows more robust performance when there is blockage on the main path.

4. Operational Scenarios  
Apart from performance aspects, operational flexibility or beam management efficiency should also be a consideration in designing beamforming for NR PDCCH. In this section, we provide possible operation scenarios using aforementioned options and discuss their operational flexibility. The beam management efficiency aspects are discussed in [1]. We assume UE reports best-M TRP(s) beams and UE knows corresponding receiver beamforming for the best-M TRP(s) beams. 

In the scenario with very low mobility environment, such as indoor hotspot or office, based on UE’s feedback, the NR PDCCH search space can be designed so that the NR PDCCH shall apply the reported best TRP beam. By virtue of the best UE receive beam, NR PDCCH can be transmitted in a very spectral efficient manner, e.g., by using the small aggregation/repetition level.

In those scenarios where channel can vary more unpredictably, to improve the reliability of NR PDCCH reception, it is preferred to adopt diversity transmission for NR PDCCH. In this case, several beam diversity oriented techniques can be considered. For example, NR PDCCH can be transmitted by using multiple reported best beams. Such multiple beam transmission can be performed either simultaneously or sequentially, e.g., by beam sweeping. Type of transmission can be indicated in the NR PDCCH search space configuration so that the UE can properly determine the respective receive beamforming approaches.
Observation 3: Multiple beam provides more flexible beam operation.

In order to support various range of scenarios, we propose to support both spectral efficiency and diversity transmission in NR PDCCH.
Proposal 1: NR PDCCH shall support spectral efficient transmission by virtue of optimal beamforming as well as multi-beam diversity transmission to increase the reliability.
Conclusions

In this contribution, we discussed beamforming for control channel.

Option 1. A single TRP Tx and UE Rx beam, which is aligned with dominant channel cluster direction. 

Option 2. Multiple TRP Tx and UE Rx beams, which are aligned with best B channel cluster direction.  

Option 3. Multiple TRP Tx and omni Rx beam.
Our observations are
Observation 1: A single beam performs better when there is no blockage.
Observation 2: Multiple beam shows more robust performance when there is blockage on the main path.

Observation 3: Multiple beam provides more flexible beam operation.

RAN1 take into account the noted observations when defining the beamforming design for control channel.
Proposal 1: NR PDCCH shall support spectral efficient transmission by virtue of optimal beamforming as well as multi-beam diversity transmission to increase the reliability.
References
[1] R1-166565, Beam management without prior beam information, Intel Corporation

[2] R1-164188, Overview of multi-antenna schemes for new radio interface, Intel Corporation 
[3] R1-164189, UE side beamforming, Intel Corporation
Appendix

Table 1: Simulation assumptions
	Parameter
	Values

	Scenarios 
	CDL-A, CDL-B

	Sectorization
	Random AoD offset from -60o to 60o

	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (4, 32 or 16 or 8,2), (dV,dH) = (0.5, 0.5)λ, 2 RF chains,
Antenna modelling based on TR38.900 V2.0.0, i.e. HPBW = 65o, GE,max =8dBi with Am = 30dB

	UE antenna configuration
	Mg = Ng = 1; (M,N,P) = (4, 4, 2), (dV,dH) = (0.5, 0.5)λ, 2 RF chains,

Antenna modelling: Omni

	BS and UE Analog codebook
	Two dimensional DFT based with oversampling equals one

	Carrier Frequency
	30 GHz

	Bandwidth
	100MHz

	Subcarrier Spacing
	60kHz

	UE speed
	3km/h

	Blockage Modelling
	Blockage Model A TR38.900 V2.0.0 without self-blockage. First blocker is set to the maximum cluster after analog beamforming setup

	DMRS pattern and 

Channel Estimation
	Same as CRS in first symbol but RB-wise MMSE Channel estimation

	NR PDCCH
	LTE PDCCH Format 1
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