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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications. The new RAT (NR) will consider deployment on frequency ranges up to 100GHz. The following agreement was achieved in RAN1#86[2]:
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

In this contribution, we present our views on beam management reference signal for L1/L2 beam management in NR system.
Reference signal for beam management procedure P-1
As explained in our companion contribution [3]:, for scenarios such as above-6GHz deployments with a large number of (fine) beams per cell, cell-specific and periodic configuration of beam management procedure P-1 can be beneficial for attaining fast initial fine beam alignment (procedure P-1). Denoting the RS used for this purpose and scenarios as beam reference signal (BRS), the BRS is proposed to be cell-specific ([3]:). This BRS should be supported with the following design principles. 
· All the TRP Tx beams should be conveyed in the BRS. The number of TRP Tx beams could be very large. So the BRS should be able to support large number of TRP Tx beam IDs. The maximum number of Tx beams is FFS. 
· The number of TRP Tx beam IDs conveyed in BRS is cell-specific. Different cells could use different number of beams in the BRS.
· To reduce the overhead of BRS conveying potentially large number of beam IDs, consider to use both orthogonal and non-orthogonal mapping of Tx beam IDs to resource elements for BRS. Consider to use TDM, FDM and scrambling sequence ID to multiplex different beam IDs.
· Take into account the restriction of hybrid beamforming and analog beams. The beams composed from different analog beams from the same antenna panel cannot be mapped to the same OFDM symbol.
· Consider to map the BRS into the same OFDM symbols where the initial access signals are mapped. The reasons is as followings. The hybrid beamforming and analog beams have restriction that analog beams are applied in time domain. The unused resource element of the OFDM symbols where initial access signals are mapped using Tx beam sweeping are generally not useable for normal PDSCH transmission. Using those unused resource elements to transmit the BRS can utilize those OFDM symbols more efficiently.
· The reference signal mapping for each beam ID should be wideband so that the RSRP for each beam is wideband.
The configuration of BRS is cell-specific. The configuration of BRS could be send during the initial access, for example, in PBCH or SIBs. The configuration of BRS could be also send in some RACH message. The configuration of BRS can also be send in system information message. The benefit of configure the BRS at earlier stage is that the TRP and the UE can achieve fine beam alignment earlier. 

Proposal 1:
· Beam reference signal (BRS) is used for beam management procedure P-1.
· At least for scenarios with a large number of (fine) beams per cell, thise beam reference signal can be cell-specific.
· The beam reference signal should be able to convey all the TRP Tx beam IDs. 
· Study how to map the BRS with efficient resource usage. The reference signal mapping for each beam should be wideband. 
Reference signal for beam management procedure P-2 and P-3
[bookmark: _GoBack]Same reference signal is designed for the beam procedure P-2 and P-3. The reference signal should be UE-specific and the transmission is aperiodic. The reference signal should be supported with the following design principles:
· The reference signal is used by both beam management procedure P-2 and P3.
· The reference signal supports the functionality that the UE is able to measure the beam-specific RSRP of small number of TRP Tx beam IDs. The number of Tx beam IDs is FFS. 
· The number of TRP Tx beam IDs conveyed in reference signal should be UE-specific.
· The reference signal supports the functionality that the UE is able to measure beam-specific RSRP for one or multiple different UE Rx beams. One design method is the signal for one TRP Tx beam has multiple time repetitions to allow the UE to do Rx beam sweeping.
· The capability of allowing UE Rx beam sweeping should be UE-specific. The configuration should consider the beamforming capability of the UE. If the UE does not have beam sweeping capability, the TRP would configure the reference signal without time repetitions. The TRP could also configure the reference signal based on the number of Rx beams the UE can support.
· The reference signal mapping for each Tx beam ID should be wideband.

An example of reference signal for P-2 and P-3 is illustrated in Figure 1. In the example, there are totally 8 Tx beams and the resource for each Tx beam is repeated four times so that the UE could sweep over 4 Rx beams. Two methods for repetition are shown in the example. Method (a) is the contiguous repetition and method (b) is scattered repetition.
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Figure 1
Proposal 2:
· Same reference signal is used for beam management procedure P-2 and P-3.
· The reference signal can be UE-specific and aperiodic.
· The reference signal should be able to support UE’s Rx beam sweeping
· The reference signal could be configured according to the beamforming capability of the UE. 

Conclusions
This contribution has discussed the reference signals for L1/L2 beam management, and made the following proposals.

Proposal 1: for scenarios such as above-6GHz deployments with a large number of (fine) beams per cell:
· Beam reference signal (BRS) is used for beam management procedure P-1.
· At least for scenarios with a large number of (fine) beams per cell, thise beam reference signal can be cell-specific.
· The beam reference signal should be able to convey all the TRP Tx beam IDs. 
· Study how to map the BRS with efficient resource usage. The reference signal mapping for each beam should be wideband. 

Proposal 2:
· Same reference signal is used for beam management procedure P-2 and P-3.
· The reference signal can be UE-specific and aperiodic.
· The reference signal should be able to support UE’s Rx beam sweeping
· The reference signal could be configured according to the beamforming capability of the UE. 
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