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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 all aspects related with L1/L2 beam management for multi-beam based NR system.
Multi-beam based system 
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be analog beam formulated through phase shifter in RF chain or composite beam comprised through analog beamforming and digital beamforming. 
In multi-beam based system, the TRP use each of those beam to cover one part of the cell. For downlink transmission to a UE, the TRP should choose one proper Tx beam for this UE so that the downlink signal can reach the UE with strong power. For uplink transmission, the TRP also should choose one proper Rx beam for this UE. The UE could also utilize multi-beam technique to improve the link quality. Similarly, the UE should choose proper Rx beam to receive the downlink transmission and proper Tx beam to send the uplink transmission.
Overview of Beam Alignment Procedure
The initial access signals are the first signals to be detected by the UE. The initial access signals are supposed to be received by all UEs. When transmitting initial access signals, there does not exist any beam alignment between the TRP and the UE. So the initial access signals are transmitted through multiple Tx beams and one method is that those Tx beams sweep over multiple OFDM symbols. The TRP beams used for initial access signals are generally wide beam and their number are not large in order to reduce the overhead. From the detection of initial access signals, the UE could obtain the best TRP Tx beam. However, there is no uplink transmission chance so the UE is not able to report the Tx beam ID to the TRP. During the RACH procedure, the TRP and the UE could built a coarse beam alignment over the beams used for initial access signals. The beams of coarse beam alignment can be used by the TRP to transmit unicast transmission to the UE, for example to deliver the system information SIBs.
[bookmark: _GoBack]The first beam management procedure for RRC connected UE should be procedure P-1. 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. This is because beam-width difference between the coarse and fine beams is expected to be large. In this case, the configuration of P-1 could be sent during initial access by for example, PBCH, SIBs or RACH message. It could also be sent after RACH procedure in unicast PDSCH by the beam(s) of coarse beam alignment. Fine beam alignment of narrow beams is achieved in P-1. The earlier the TRP configures the P-1 procedure, the earlier that the TRP and the UE can build a fine beam alignment.
After the beam management procedure P-1, the TRP can configure beam management procedure P-2 and P-3. P-2 and P-3 can be configured jointly. In P-2, the UE could do beam refinement on small number of TRP Tx beams and in P-3, the UE could do Rx beam sweeping to select the best Rx beam. The procedure P-2 and P-3 should be UE-specific and aperiodic.
A high level procedure of general beam alignment procedure starting from initial access is shown in Figure 1. As shown Figure 1, the UE first obtains coarse beam alignment during the initial access procedure. The coarse beam alignment can be used to send system information and the configuration of beam management procedure P-1. During beam management procedure P-1, the UE measures the RSRP of all beams of one cell and reports the best N beam IDs. The TRP and the UE can achieve a fine beam alignment. The P-1 is cell-specific and periodic. Between P-1 procedures, the TRP could configure UE-specific P-2/P-3 procedure to allow the UE to do TRP beam refinement and UE Rx beam training. 
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Figure 1
Proposal 1: A coarse beam alignment should be achieved during initial access.
Beam management procedure P-1
As previously explained, 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. c. In such configuration, one solution to configure the P-1 is to use the PBCH or SIBs during the initial access. This is the earliest place where the TRP can configure the beam management procedure P-1. The benefit of this method is that the beam reference signal used in procedure P-1 can also be used by the IDEL UEs to do RRM measurement for cell selection/reselection. Another solution to configure the P-1 is using the RACH message (RAR or msg4 in RACH procedure). The benefit of the first two methods is that the fine beam alignment could be achieved immediately after the RACH procedure. Another method is to send the configuration of P-1 in PDSCH after RACH procedure. In this method, the PDSCH transmission should use the beam(s) of coarse beam alignment which is achieved during the initial access.
For the scenarios described above, beam reference signal (BRS) should be used in procedure P-1. The beam reference signal is cell-specific and the transmission is periodic. The beam reference signal convey all the TRP Tx beams and it should be able to support very large number of TRP Tx beam IDs. The configuration of beam reference signal is cell-specific.
The UE should measure the beam-specific RSRP of all the beams conveyed in the beam reference signals. If the UE has Rx beam sweeping capability, the UE could apply different Rx beams on different transmission occasions of beam reference signal to measure the RSRP of different combination of TRP beams and UE beams. The UE reports the information of best N TRP beam IDs with the strongest beam-specific RSRP. The information the UE reports could be
· N pairs of {TRP Tx beam ID, beam-specific RSRP}
· N sets of {TRP Tx beam ID, UE Rx beam ID , beam-specific RSRP}.
Proposal 2:
· At least for scenarios with a large number of (fine) beams per cell, beam management procedure P-1 can be cell-specific and periodic.
· Cell-specific beam reference signal is used for beam management procedure P-1.
· Study how to send the configuration of beam management procedure P-1. Strive to send the configuration of P-1 at early stage.
· The UE should measure the beam-specific RSRP in beam management procedure P-1.
· The UE should report the information of Tx beam ID and beam-specific RSRP of the best N>=1 beams with the strongest beam-specific RSRP. 

Beam Management Procedure P-2/P-3
The beam management procedure P-2 and P-3 should be UE-specific and aperiodic. The P-2 and P-3 could be configured jointly or separately. 
A separate reference signal is defined for procedure P-2 and P-3. The reference signal is UE-specific and the transmission is aperiodic. The MAC-CE or L1 control message are used to trigger the transmission of reference signal and also to trigger the UE to report the information of the best TRP beam, including, for example, the TRP beam ID, beam-specific RSRP and/or the UE Rx beam ID. The reference signal, temporarily called the second beam reference signal (BRS), may either be, e.g. a separately designed RS for beam management or a same RS used for CSI acquisition. 
The TRP sends the configuration of second BRS to the UE through RRC message. The configuration could be a single second BRS transmission occasion, or time-limited periodic transmission (P>=1 periodic second BRS transmission occasion). The configuration of P-2/P-3 and the reference signal should consider the UE side beamforming capability and the number of beams used by the UE.
Proposal 3:
· Beam management procedure P-2 and P-3 is UE-specific and aperiodic.
· UE-specific reference signal can be used for beam management procedure P-2 and P-3.
· Use MAC-CE or L1 control message to trigger the beam management procedure P-2 and P-3. 
· The UE should measure and report the beam-specific RSRP in beam management procedure P-2 and P-3.

Indication of Beam ID
Based on the measurement report from the UE, the TRP could choose the proper TRP Tx beam ID for the UE. Whether the TRP needs to notify the UE of the selected TRP beam ID could depend on the hybrid beamforming capability of the UE. If the UE uses a fixed Rx beam, the TRP does not need to notify the selected TRP Tx beam ID to the UE. However, if the UE has capability of hybrid beamforming, the TRP would need to notify the selected TRP Tx beam ID to the UE so that the UE is able to use the proper Rx beam. The UE can report the capability of hybrid beamforming as part of the UE capability. Such information could assist the TRP to determine how to notify the beam ID to the UE.
There are a few methods to signal the TRP beam ID to one UE. One method is L1 signal, e.g., DCI. Another method is L2 message, MAC-CE. If using DCI to notify the beam ID, the configuration of beam ID to one UE could be semi-static or dynamic. In semi-static method, a beam ID signalled by one DCI will be used until a new beam ID is signalled by DCI. In dynamic method, the DCI scheduling a PDSCH could convey the beam ID used for this PDSCH. The beam ID used for PDCCH and PDSCH to the same UE could be same or different. The beam ID used for PDCCH could be signalled in MAC-CE or DCI through a semi-static method. The beam ID used by PDSCH could be signalled in DCI scheduling the PDSCH dynamically.
Instead of signalling the TRP beam ID to the UE, another option is to signal a UE beam ID. The TRP could choose to signal the UE of a UE beam ID, which the UE should use to receive the PDSCH transmission. 
Proposal 4:
· Study how to indicate the beam ID to the UE, e.g., MAC-CE or DCI.
· Study which beam ID should be indicate to the UE: the TRP beam ID or the UE Rx beam ID?
· Study to include the UE’s beamforming capability as one part of UE capability to report to the network 
UL beam management and Beam reciprocity
If the TRP and the UE has Tx/Rx beam reciprocity, the beam alignment from DL beam management procedure P-1/P-2/P-3 can be applied to UL transmission. However, if the TRP or the UE does not have Tx/Rx beam reciprocity, we would need additional beam management procedure to obtain the beam alignment for uplink transmission.
In the system where TRP does not have beam reciprocity, we would need to support UL L1/L2 beam management procedure P-4. In procedure P-4, the TRP is able to measure different TRP Rx beams to select the TRP Rx beam for all the UEs served by the TRP.
In the system where TRP has beam reciprocity but some UEs do not have beam reciprocity, we would need to support UL L1/L2 beam management procedure P-5. In P-5, the TRP is able to measure different TRP Rx beams and different UE Tx beams to select the TRP Rx beam and UE Tx beam for those UEs who do not have beam reciprocity.
Proposal 4:
· Study to support UL beam management procedure P-4 and P-5 for the case of no beam reciprocity at the TRP and/or the UE.
Conclusions
This contribution has discussed the L1/L2 beam management, and made the following proposals.
Proposal 1: A coarse beam alignment should be achieved during initial access.
Proposal 2:
· At least for scenarios with a large number of (fine) beams per cell, beam management procedure P-1 can be cell-specific and periodic.
· Cell-specific beam reference signal is used for beam management procedure P-1.
· Study how to send the configuration of beam management procedure P-1. Strive to send the configuration of P-1 at early stage.
· The UE should measure the beam-specific RSRP in beam management procedure P-1.
· The UE should report the information of Tx beam ID and beam-specific RSRP of the best N>=1 beams with the strongest beam-specific RSRP. 
Proposal 3:
· Beam management procedure P-2 and P-3 is UE-specific and aperiodic.
· UE-specific reference signal can be used for beam management procedure P-2 and P-3.
· Use MAC-CE or L1 control message to trigger the beam management procedure P-2 and P-3. 
· The UE should measure and report the beam-specific RSRP in beam management procedure P-2 and P-3.
Proposal 4:
· Study to support UL beam management procedure P-4 and P-5 for the case of no beam reciprocity at the TRP and/or the UE.
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