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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. 
In this contribution, we present our views on the TRP beamforming and beam management.
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 a serving 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 BS uses each of those beam to cover one part of the cell. For downlink transmission to a UE, the BS 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 BS 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.
The broadcast information is supposed to be received by all the UEs in one cell, e.g., MIB, SIB and synchronization signals. Sending those information through one beam cannot cover the whole cell definitely. The eNB needs new transmission for those broadcast information for multi-beam based NR system.
Observation 1: multi-beam based operation has crucial impact on the physical channel design in NR system.
Initial Access and RACH
Before a UE complete the initial access procedure, there is no bi-directional connection between the eNB and the UE. The BS is not able to choose the proper beam for one UE. The scheme to transmit the initial access signal and information should assume the signal is able to reach any location in one cell. One option is beam sweeping method, in which initial access signal is transmitted multiple times through different beams in each period. The UE could apply blind decoding to acquire those signals for which the beam sweeping is applied. The beam sweeping transmission would increase the resource overhead and blind detection on beam sweeping with multiple beams would increase the UE computational complexity. Hence, we should try to minimize the information amount that is transmitted by eNB during the initial access relaying on the beam sweeping transmission.


Figure 1
Figure 1 illustrates the high-level general procedure for initial access and beam association. Up to step 3, the BS may need to apply beam sweeping on all the signal transmission and no beam is associated to a UE. 
In the RACH transmissions at Step 4, the eNB is not likely to have prior information about UE’s Tx beams. In this case, the eNB will have to apply Rx beam sweeping on the RACH to detect the RACH with reasonable SINR. It is noted that the number of BS Rx beams is likely to be in the similar order as the number of BS Tx beams. If eNB applies Rx beam sweeping for all the Rx beams for a UE’s RACH, the UE will have to repeat transmissions of the RACH on multiple RACH resources. This straightforward design of RACH seems to incur (1) high system overhead; and (2) high UE power consumption owing to the repetition. As for RAR receptions at Step 4, the DL transmissions may also need to be beam-sweeped if eNB does not have any prior knowledge on the eNB Tx beam to use for the UE. As the RAR carries UE-specific information, the potential overhead owing to this beam sweeping can be large, especially when the eNB applies beam sweeping across all the Tx beams. To mitigate these issues, a mechanism may need to be developed, which allows for eNB (1) to select a subset of Rx beams for each UE’s RACH transmissions; (2) to use a reasonable Tx beam for RAR dedicated to a UE. If this mechanism is in place, the UE and eNB can get at least a coarse beam association after Step 4. 
One alternative for the mechanism is to configure the UE to measure RSRPs of some measurement reference signals (MRS) before Step 4. The measurement reference signals could be indexed by a beam (or a radio resource) ID. The UE could choose a RACH resource based on the beam ID with the strongest beam RSRP. The UE could assume this beam ID is the Tx beam the BS is going to use for following downlink transmission. On the other hand, the BS can implicitly acquire a coarse beam association for the UE by detecting the index of RACH resource in which the UE sends the RACH signal.
After step 4, a connection has been established between the eNB and the UE. For the data transmission and reception, a fine beam association is likely to be necessary to achieve high spectral efficiency. For the fine beam association, beam RSRP measurement & reporting is necessary and that the MRS may be able to be used for this purpose as well. 
Proposal 1: 
· Study beam association procedures for NR, in relation to the initial access procedures, including the following aspects:
· A mechanism to allow for a coarse beam association during the RACH process
· A mechanism to allow for a fine beam association after the cell association
· A reference signal to be used for beam RSRP measurement 
Data Transmission and Reception
In the downlink data transmission, a proper Tx beam should be used by the eNB for a UE to achieve high spectral efficiency. The eNB should provide MRS so that the UE is able to measure the quality (RSRP) of all Tx beams and report the best beam(s). If the UE has multiple Rx beams, the UE also needs to figure out a best beam pair, i.e., an eNB Tx beam and a UE Rx beam, for the downlink data reception. Similarly, in the uplink data reception, a proper Rx beam should be used by the eNB for a UE to achieve high spectral efficiency. If there exists reciprocity between eNB Tx beam and eNB Rx beam, the eNB would know the uplink beam association implicitly based on the downlink beam association with a UE. The eNB could apply the same beam for downlink Tx and uplink Rx. If there does not exist reciprocity between eNB Tx beam and eNB Rx beam, we would need mechanism to allow for the eNB and the UE to measure and associate the beam. If the UE reports RSRPs regarding multiple Tx beams and the BS choose one from them as the associated beam to the UE, the BS may need to notify the associated Tx beam ID to the UE. For example, if the UE has multiple Rx beams, the UE needs the Tx beam ID information to choose proper Rx beam for the best pair. Some UE may have a single Rx beam; for those UEs, the notification may not be necessary.
The specification impacts of the beam association include UE’s beam RSRP reporting and eNB’s beam association signaling. As for the beam RSRP reporting, the following aspects need to be further studied: 
(1) UE behavior to measure RSRP & to construct the beam RSRP report; 
(2) Beam RSRP reporting contents; 
(3) Beam RSRP reporting triggering mechanism; and 
(4) Channels to convey the RSRP reports. 


Figure 1
An eNB could use one or more TRPs to cover one cell. An example is illustrated in Figure 1. When the number TRPs is not small, a UE might not be able to receive coverage beams from all the TRPs. So the BS could configure a UE to just measure the RSRP of one TRP, multiple TRPs or all the TRPs. When the UE moves to other location, the BS should configure the UE to measure the RSRP of coverage beams of different subset of TRPs. In such scenario, the beam change of one UE could be within one TRP or from one TRP to another TRP. 
In these cases, the beam quality for a UE changes over time. To maintain the high quality link between BS and UE, the NR system needs a mechanism to monitor and track the beam quality. If the current associated beam is not good or another beam is better than current associated beam, the beam association could be updated.
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Figure 2a
Figures 2a, 2b and 2c shows various beam association scenarios. These different beam association scenarios are likely to give different challenges for the beam management design. 
· In Figure 2a, the UE is associated with a single beam from a single TRP. 
· In Figure 2b, the UE is associated with two beams from two TRPs, similarly to CoMP JT. 
· In Figure 2c, one UE (UE 1) is associated with a beam from TRP 1 while another UE (UE2) is associated with a beam from TRP 2, in which UE1 and UE2 can be co-scheduled in the same time frequency resource, similarly to CoMP coordinated beamforming.
Proposal 2: Study the following aspects, considering the various beam association scenarios in Figure 2:
· Beam RSRP reporting – including reporting contents, triggering mechanism, and channels to convey the reports
· Beam association signaling
· Beam change and management scheme
Beam association recovery
The associated beam might become very weak suddenly due to some drastic environment change. For example, a truck passing through could totally block the path of associated beam. To deal with such scenario, we need some beam recovery mechanism to switch the beam association to another beam with good quality. Ideally, we are able to switch the beam very soon when the associated beam is blocked. However, it is hard to achieve this due to all the processing and measurement delay. 
In some case, the associated beam could be not totally blocked and only become weak. The BS and the UE still have the connection. In this case, the BS or the UE could trigger the beam change procedure to switch to another beam that has better signal quality. In some case, the associated beam could be totally blocked and the connection between the BS and the UE is totally lost, e.g., due to high-attenuation of blockage. In this case, the UE might need to do the initial access because it looks like impossible for the BS and the UE to exchange any message to switch the beam association.
Proposal 3: Study the beam association recovery scheme for NR.
Conclusions
For the study item on new Radio Access Technology, we should study the beam management schemes for multi-beam based system. Our observation and proposal are given below:
Observation 1: multi-beam based operation has crucial impact on the physical channel design in NR system
Proposal 1: Study beam association procedures for NR, in relation to the initial access procedures, including the following aspects:
· A mechanism to allow for a coarse beam association during the RACH process
· A mechanism to allow for a fine beam association after the cell association
· A reference signal to be used for beam RSRP measurement 

Proposal 2: Study the following aspects, considering the various beam association scenarios in Figure 2:
· Beam RSRP reporting – including reporting contents, triggering mechanism, and channels to convey the reports
· Beam association signaling
· Beam change and management scheme
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