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Initial access includes functions like cell search and synchronization, system information acquisition, cell selection and random access procedure. In the RAN1 #85 meeting, it was agreed that both multi-beam and single-beam based approaches should be supported in initial access [1]. In RAN1#86 [2-6], it was further agreed that RAN1 should strive for a common framework for single-beam and multi-beam based procedure, including SYNC and RACH signals. The following agreements were reached [2]:

Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)

Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

Agreements:
· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 
· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part
· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)
· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)
· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)
· In the above study, at least following aspects should be considered:
· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)
· Resource overhead
· UE complexity (e.g. involved with decoding of the information)

In this contribution, we discuss some specific details regarding multi-beam based approaches. We focus on different TX and RX architecture, including digital, analog and hybrid beamforming structures at the TRP, and their implications to TX and RX of the SYNC and RACH signals. 

Discussion

Synchronization signal (SYNC)

Synchronization signal needs to be transmitted periodically for accessing UE to identify the TRP and acquire initial synchronization. The SYNC signal allows the UE to obtain timing (symbol/subframe/frame) synchronization, carrier frequency synchronization, and DL beam acquisition if the SYNC signal is transmitted in the multi-beam case. The beam information can be included in the SYNC signal implicitly or explicitly. As the number of beams can be significant in the mmW range when TRP deploys a large antenna array, some association between the beam and the TRP identity is required. 

Proposal 1: When SYNC is transmitted as DL beamformed signal, beam information needs to be included explicitly or implicitly. Association between the beam and the TRP identity is required. 

When SYNC signal is transmitted with beamforming, it has a limited horizontal or vertical coverage. To cover the entire cell, the SYNC signal needs to be transmitted in multiple beams using TDM. TDM transmission over multiple beams or beam sweeping applies to analog beamforming, digital beamforming and hybrid beamforming. Figure 1 shows TDM transmission of SYNC signal over multiple beams in a sweeping manner. 

The number of beams and associated resources used to transmit the SYNC signals depend on the detailed beamforming scheme and are there subject to implementation and deployment scenario. It is not possible to specify a fixed number of resources in specification. It is preferable that the SYNC transmission can accommodate both the single-beam (non-beamformed) and multi-beam within the same framework, with the single-beam as a special case of the multi-beam case. The configuration of the synchronization resource should accommodate different number of beams. The design of the multi-beam SYNC signal needs to balance the benefit of coverage as well as the increased overhead. 


Figure 1. Transmission of SYNC signal over multiple beams in different time.

Proposal 2: Resource configuration of the SYNC signal needs to consider both single beam transmission and multi-beam TDM transmission, preferably in a same framework.  

Observation 1: Multi-beam SYNC transmission needs to consider balance between coverage and overhead.   

Random access (RACH)

After receiving SYNC from the appropriate beam successfully, an accessing UE will transmit RACH signal in the corresponding UL resources. On the UL receiving side, a TRP may receive the RACH. There are a few different possibilities depending on the implementation. Here are a few possible receiver architectures:
· Digital RX beamforming: Through multiple digital RX spatial filter (multiple RX matrices) corresponding to different RX directions, it is possible to receive from multiple directions in a single time instance, without sacrificing the coverage or the spatial resolution. 
· Analog RX beamforming: The RX beam can only receive from one direction at one time instance. Multiple time instances are required to receive from different directions.
· Hybrid RX beamforming: The RX beam can only receive from one direction at one time instance, although the digital RX part may widen the effective coverage to some degree. Multiple time instances are required to receive from different directions. With hybrid beamforming, it is possible to change the shape of the RX beam to have wider horizontal or vertical coverage. This is accompanied by reduced directional gain. In order to achieve the target link budget and coverage, it may be necessary for the RX to combine the received signals over multiple time instances. This requires an accessing UE to transmit RACH signals over multiple time instances (or equivalently transmit in extended time instances).

Figure 2 shows reception of RACH signal with all-digital beamforming RX architecture, and hybrid beamforming RX architecture with multiple narrow beams and fewer, wider beams. For hybrid beamforming, the DL beams and UL beams can be either symmetric or asymmetric, depending on the RX beamforming and detection algorithm. It is apparent that different RX architectures have different receiving capabilities and requires different UL RACH signals and transmissions schemes. While the RX implementation are vendor specific, NR RACH design needs to consider different receiver types at the TRP and accommodate different receiver types, including all-digital RX and hybrid RX with different RX beamforming strategies. It also needs to accommodate for the typical deployment scenarios.  

                    
Figure 2. Reception of RACH signal with all-digital beamforming RX architecture (left), and hybrid beamforming RX architecture with narrow beams (middle) and wide beams (right).

Observation 2: Different of TRP RX architectures, including all-digital RX and hybrid RX beamforming, have different receiving capabilities and different requirements.  

Proposal 3: NR RACH transmission scheme needs to accommodate different TRP RX architectures, including both symmetric and asymmetric DL and UL beams within a common framework.  

Apparently different RACH transmission schemes require different RACH resource configurations. It is necessary for the TRP to be able to configure the RACH transmission schemes and RACH resources. 

Conclusions
We have analyzed the requirement for transmission of SYNC signal and the RACH signal when different TX and RX beamforming architectures are used at the TRP. For beamformed SYNC transmission in the DL, both digital beamforming and analog/hybrid beamforming architectures need to transmit SYNC with multiple beams in the TDM fashion.  For the RACH reception, digital beamforming and hybrid beamforming achieve the same overall coverage with different RX beamforming and RACH transmissions schemes. This makes it necessary to differentiate different RX architectures and try to accommodate different RX requirements within a same framework. In summary we make the following observations and proposals:

Observation 1: Multi-beam SYNC transmission needs to consider balance between coverage and overhead.   
Observation 2: Different of TRP RX architectures, including all-digital RX and hybrid RX beamforming, have different receiving capabilities and different requriements.  
Proposal 1: When SYNC is transmitted as DL beamformed signal, beam information needs to be included explicitly or implicitly. Association between the beam and the TRP identity is required. 
Proposal 2: Resource configuration of the SYNC signal needs to consider both single beam transmission and multi-beam TDM transmission, preferably in a same framework.  
Proposal 3: NR RACH transmission scheme needs to accommodate different TRP RX architectures, including both symmetric and asymmetric DL and UL beams within a common framework.  
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