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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. At RAN1 #86bis [3], the following agreement on the RS for beam management was achieved:
	Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals



At RAN1 #87 [4], the following agreement on the RS for mobility was achieved:
	Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}



In this contribution, we present our views on the cell-specific reference signal for beam management in > 6GHz NR system. Specifically, we compare three alternatives of mobility RSs for beam management and propose to use of one of them as the cell-specific RS for L1/L2 beam management. 
RS for beam management
Based on the RAN1 agreements, we consider the following three options of RS for mobility as the candidate for cell-specific RS in beam management:
· Alt #1: NR-SSS.
· Alt #2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block) listed in the agreement at RAN1 #87[4]. This reference signal is multiplexed in the same slot as initial SS signals. It is transmitted periodically and can be configured during the initial access procedure. 
· Alt #3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block) listed in the agreement at RAN1 #87[4]. This reference signal can be transmitted periodically too. It is not multiplexed in the same slot as initial SS signals. So, it can be configured after the initial access procedure, for example configured through RRC signaling to RRC connected UEs.
In beam management operation, some cell-specific RS is necessary to convey multiple cell-specific beams that the gNB uses to cover the whole cell area. The cell-specific RS should be transmitted periodically so that any UE can measure, monitor, select, associate with and switch to the ‘best’ TRP Tx beam(s) to maintain the link between gNB and the UE. The beams conveyed in the cell-specific beam should have sufficient beamforming gain to support high data rate potentially. The beams conveyed in the cell-specific beam should also be robust with respect to the UE mobility so that there is no frequent beam switching due to UE’s movement. Another requirement for the cell-specific RS is that the number of beams that can be conveyed should be large enough to accommodate various deployment scenarios. The following subsections will compare the pros and cons of those alternatives used in beam management. 
1.1 MRS-1 vs NR-SSS
If used as beam management RS, the NR-SSS has the following drawbacks for >6GHz: 
· NR-SSS is usually transmitted within a portion of the system bandwidth. Thus the beam RSRP measured from NR-SSS cannot reflect the beam quality for the whole system bandwidth. That issue would be worse in NR systems with wider system bandwidth. 
· There is a tight limit on the number of Tx beams that can be conveyed by NR-SSS. The NR-SSS transmission is generally single beam on each OFDM symbol. The number of Tx beams conveyed by NR-SSS is limited by the number of OFDM symbols that are used to transmit NR-SSS.
· The beams used on NR-SSS are wide. If the UE is aligned with one beam conveyed in NR-SSS and then that beam is used in the follow up downlink transmission, for example transmitting the system information and RRC signalling messages, the downlink data blocks would be limited with low data rate. 
In contrast with the NR-SSS, the MRS-1 has the following advantages for beam management for >6GHz:
· MRS-1 is transmitted across the whole system bandwidth to ensure the accuracy of the measured beam RSRP.T.
· MRS-1 is multi-port multi-beam reference signal. The MRS-1 is expected to include many more Tx beams.
· The beams conveyed by MRS-1 can be narrow beam with high beamforming gain and thus large coverage distance. So the beam alignment based on MRS-1 is fine beam alignment. The transmission based fine beam alignment can achieve higher data rate and higher reliability. 
System simulation results showed that the MRS-1 outperforms the NR-SSS on the beam alignment for >6GHz scenario. The simulation results in [4] showed that, in 30GHz system, the beam mismatch probability based on the measurement using MRS-1 is much smaller than that of using NR-SSS, as illustrated in Table 1. For the more simulation results, please refer to the companion contribution [4].
Table 1: simulation results of beam mismatch probability: 
	RS overhead
	LoS
	NLoS

	
	Using MRS-1
	Using NR-SSS
	Using MRS-1
	Using NR-SSS

	2.5 %
	9.80E-04
	0.0364
	0.02129
	0.55848

	5 %
	4.90E-04
	0.0322
	0.01045
	0.54087



The comparison between NR-SSS and MRS-1 is summarized in Table 2.
Table 2: NR-SSS vs MRS-1 (>6GHz)
	
	NR-SSS
	MRS-1

	Beam RSRP measurement accuracy
	Less beam RSRP accuracy due to narrow band transmission
	Accurate beam RSRP due to wide band transmission

	Number of Tx beams
	The number of Tx beam is limited. Not able to support large number of Tx beams
	Be able to support large number of Tx beams

	Fine beam alignment
	Beam alignment on wide beams with limited beamforming gain.
	Beam alignment on narrow beam that has high beamforming gain



Observation 1: MRS-1 has advantages over NR-SSS as the beam management RS for > 6GHz system
1.2 MRS-1 vs MRS-2
Compared with MRS-2, the MRS-1 has the following advantages in beam management for >6GHz:
· The MRS-1 is more efficient in terms of time-frequency resource than MRS-2. Hybrid beamforming is used in > 6GHz system to combat the pathloss. The analog beamforming can only be applied in time domain. The NR-SSS is transmitted with Tx beam sweeping over multiple OFDM symbol. The beams used to transmit NR-SSS is applied to the whole OFDM symbol in which NR-SSS is transmitted. The unused REs in NR-SSS OFDM symbols are not useable for normal data transmission due to the Tx beam sweeping operation of on NR-SSS. Using those REs to transmit MRS-1 is a good way to efficiently use the time frequency resource. In contrast, MRS-2 does not use those REs in NR-SSS symbols.
· The MRS-1 can achieve fine beam alignment at earlier stage than the MRS-2. The MRS-1 can be configured during the initial access procedure. Fine beam alignment on narrow beams can be achieved at very early stage, e.g., during RACH procedure. The MRS-1 enables the gNB and UE to use narrow beam to transmit system information and RRC message with higher data rate and higher reliability. 
The comparison between MRS-1 and MRS-2 is summarized in Table 3.
Table 3: MRS-2 vs MRS-1 (> 6GHz)
	
	MRS-2
	MRS-1

	Time-frequency resource overhead
	Less resource efficiency and higher overhead
	Efficient time-frequency resource usage 

	Timing of beam alignment
	Cannot achieve fine beam alignment at early stage. 
	Can achieve fine beam alignment at very early stage, e.g., during RACH procedure.



Observation 2: MRS-1 has advantages over MRS-2 as the beam management RS for > 6GHz system
Based on the above discussion and observations, we have the following proposal:
[bookmark: _GoBack]Proposal 1: Use MRS-1 as cell-specific RS for L1/L2 beam management for > 6GHz NR systems
Conclusions
This contribution discusses the cell-specific RS for beam management for > 6 GHz NR systems. In particular, the following are observed and proposed:
Observation 1: MRS-1 has advantages over NR-SSS as the beam management RS for > 6GHz system
Observation 2: MRS-1 has advantages over MRS-2 as the beam management RS for > 6GHz system
Proposal 1: Use MRS-1 as cell-specific RS for L1/L2 beam management for > 6GHz NR systems
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