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1. Introduction
Beamforming is a key technology to compensate severe pathloss for NR at mmWave band. Regarding to beam management procedures for NR TRPs, some agreements were reached at RAN1#86bis meeting [1][2]:
· 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

In this contribution, we present our views on the beam management procedure at the initial network entry stage.
2. Hierarchical Beam Management
In order to compensate severe pathloss and penetration loss in high frequency band, using large antenna array to obtain beamforming gain is a main characteristic for NR system to enlarge inter site distance. In RAN1#86bis meeting [1], it is agreed that the NR synchronization signal (SS) could be considered as the RS for mobility purpose. When a UE is at initial network entry stage, it does not have the information of TDD/FDD mode, system bandwidth, number of beams and frame timing. The first step of UE is synchronizing frequency and symbol to a TRP via SS. Thus the beam acquisition procedure could be combined with the SS design. From UE’s perspective, the functions of beamformed SS could consist of the following parts:

- Determination of the number of TRP beams.
- Coarse beam acquisition of the TRP.
- Acquisition of frequency and symbol synchronization with the TRP.
- Acquisition of frame timing of the TRP.
- Determination of the physical cell identity of the TRP.
The first two items are the new added functions of SS which can facilitate the initial access procedure of multi-beam based approach.
Since synchronization and broadcasting channels are critical for all UEs to maintain the network connection or to continuously estimate signal quality of neighbor cells, the beam design of these channels should cover a wider range than the data transmission beams to guarantee link reliability. Figure 1a shows a hierarchical beam management behavior. The TRP scans the coarse (wide) beams on periodic synchronization and broadcasting channels with time division multiplexing (TDM) manner. A UE in network entry mode searches all the SS beams and acquires the suitable beam which has maximum SINR. As beam acquisition of SS is done, the time/ frequency synchronization and the cell identification acquisition can also be carried out. The broadcast information (i.e., MIB, SIB) could be assumed to have same beam direction as the selected SS beam.
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Figure 1a: Hierarchical beam management behavior.
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Figure 1b: An example of hierarchical coarse and fine beam scanning in time domain
Figure 1b shows an example of hierarchical coarse and fine beam scanning in time domain. In this figure, M coarse beams are periodically transmitted. During the period of coarse beam, the TRP transmits N fine beams which are corresponding to the m-th coarse beam. Such hierarchical beam scanning approach has the advantage of low latency and complexity at UE side since the UE only has to search N fine beams at the UE-connected stage. Another benefit is the number of coarse beam can be blind estimated by detecting the period of peak power with same beam direction. If the number of coarse beam can be blindly detected at initial access stage, it would be more flexible for network deployment since not all the TRPs have the same number of beams. The TRP should have a flexibility to arrange beams according to its coverage area. It should be noted that in lower frequency, e.g. 700 MHz, single-beam approach could cover the whole DL area. Single-beam based approach can be seen as a special case of multi-beam based approach. These two approaches should try to be unified by one beam management mechanism and network entry procedure.
Proposal 1: The periodic synchronization and broadcasting channels could be considered a coarse beam indicator for UE to perform beam acquisition.
Proposal 2: Whether different TRP could have different number of beams should be studied for the flexibility of network deployment.
3. Synchronization Signal
At initial access stage, the UE should identify the DL beam ID from the SS channel and use the same beam to complete the UL random access procedure. There are two options to design the DL beam. The first option is that distinct sequences are applied to different beams then the UE can identify the beam ID by blind sequence detection. The second option is that each beam is designed to have a unique timng period and offset. The UE can know the beam ID by detecting the unique timing difference. Figure 2 shows a SS design example of option 1. The SS period is G frames and total M coarse beams will transmitted. So that the period of SS with the same beam ID is MG frames. It is assumed UE does not know the number of beams at initial access stage. For option 1 design, the UE can got the number of beams by detecting the period of peak power with same beam. However, the periods or timing offset of distinct beams are unequal for option 2. From the UE perspective, the number of beams detection is not straightforward for option 2 design which could increase UE complexity.
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Figure 2: Illustration of beam period on synchronization signal
Proposal 3: SS channel can apply distinct sequences to different beams for beam identification. In the beam identification procedure, whether the number of beams is unknown should be studied.
4. Random Access
After the SS beam acquisition procedure, the UE get the preferred DL beam. At the same time, the UE is time/frequency synchronized with the TRP and cell identification acquisition is also carried out via SS channel. Then the MIB and SIB information can be received at broadcast channel. In the random access procedure, assume Tx/Rx beam correspondence is supported, a UE can transmit the random access preamble (RAP) at the predefined receiving beam resource which has the same direction as the preferred Tx beam. Since the predefined random access resources correspond to the beam IDs, the UE can implicitly feedback the preferred beam ID by transmitting RAP on the specific random access resource. The TRP is supposed to schedule a Tx beam with this beam ID to perform DL data packet transmission.
Figure 3 shows an example of aforementioned random access procedure for TDD system. The beamforming (BF) header consists of a DL and a UL parts. The DL part is used for TRP to scan beams and UE can use the UL part to feedback the scanning beam ID with highest RSRP. The DL part in BF header could carry SS channel, broadcast channel and fine beam information. The UL part allocates random access resources for PRACH process and beam ID feedback. Based on the feedback beam ID, the TRP schedules beams to transmit DL data in the payload (PL) region.
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Figure 3: An example of implicit beam random access procedure for TDD system
Proposal 4: The DL beam information could be implicitly feedbacked via a random access process. 
5. Summary
In this contribution, we have discussed the beam management consideration at initial access stage. Based on the discussion above, the following are proposed:
Proposal 1: The periodic synchronization and broadcasting channels could be considered a coarse beam indicator for UE to perform beam acquisition.
Proposal 2: Whether different TRP could have different number of beams should be studied for the flexibility of network deployment.
Proposal 3: SS channel can apply distinct sequences to different beams for beam identification. In the beam identification procedure, whether the number of beams is unknown should be studied.
Proposal 4: The DL beam information could be implicitly feedbacked via a random access process. 
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