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1. Introduction

For the NR study, RAN1 has made many of agreements regarding initial access procedure in the previous RAN1 meetings and we would like to highlight some of them to start discussion in this paper as follows: 

	[Agreements in RAN1 #85]

· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
[Agreements in RAN1 #86]
· 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 in RAN1 #86bis]

· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR




Based on the agreements above, we discuss detailed procedure of initial access to get the connection to network. Here, we consider network topology with multiple TRP supporting multiple analog beams within a cell in addition to single TRP within a cell. 
2. Discussion
In order to support seamless connection to UE with mobility, multiple TRP operation within a cell is considered. In other words, multiple cells are deployed and each cell may include multiple TRPs which shares the cell ID. In a very initial state, UE firstly tries to get time/frequency synchronization based on the SS(Synchronization Signal) detection and possibly UE acquires cell ID and then UE decodes PBCH to get the essential system information. According to the agreements highlighted above, it seems SS and PBCH are transmitted with SFN manner from multiple TRPs sharing a cell ID. 

On the other hand, due to multiple beam operation especially for above 6GHz, we may consider association between DL broadcast channel/signal and RACH resources. In terms of association with DL broadcast channel/signal and RACH resource, it should be studied whether the DL broadcast channel/signal is also cell-specifically transmitted with SFN manner from multiple TRPs/multiple beams or TRP/beam specific channel/signal. RACH resource includes time/frequency resource on which PRACH preamble can be transmitted, time/frequency resource on which RAR from gNB can be transmitted, PRACH preamble information, and etc. More specifically, RACH resource may include beam directional information corresponding to DL broadcast channel/signal, namely PSS/SSS/PBCH direction and the resource would be different per the direction. 

On receiving SS and PBCH, UE tries to perform RACH procedure to get UL timing synchronization and connection to the network. Prior to transmit PRACH preamble, UE needs to receive PRACH configuration including PRACH resource, PRACH preamble, transmission power/power ramping step, and etc. The PRACH configuration information is too heavy to be included in PBCH, and this is preferably transmitted within SIB (System Information Block). 
Depending on the design criteria, SIB carrying PRACH configuration can be cell-specific or beam-specific. Firstly, we discuss on the cell-specific SIB transmission and the corresponding initial acquisition procedure and then beam-specific SIB transmission and initial acquisition procedure next. 

2.1. Cell-specific SIB 
Figure 1 depicts multiple TRPs with the same cell ID transmitting SS and SS is transmitted in a SFN manner in order to increase detection probability. PBCH from multiple TRPs is expected to be transmitted in a similar way to SS transmission, SFNed. Assuming analog beamforming at each TRPs, SS transmission beams will be swept each symbol within SS burst to cover wide area. On the other hand, within a symbol, there can be multiple beams from a TRP and these beams are not clearly identified at UE side unless beam specific RS is not transmitted. The point is that assuming SFNed transmission of SS and PBCH, UE is not able to identify beam or TRP by detection of SS/PBCH and without beam identification RACH resources are to be associated with the SFNed beams, i.e. symbol index. Rather PRACH resources are associated with TRP or analog beam per TRP, PRACH resources are cell based with the differentiation of SFNed beams from multiple TRPs. Multiple TRPs or multiple analog beam per TRP may share PRACH resources. Beam identification procedure is considered to be performed in the middle of RACH procedure or after completion of the procedure.
Observation 1: UE is not able to identify beam or TRP by detection of SS/PBCH and without beam identification RACH resources are to be associated with the SFNed beams, i.e. symbol index.
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Figure 1. Exemplary deployment of multiple TRPs sharing a cell ID

With this deployment scenario in mind, figure 2 shows a possible initial acquisition procedure for multiple beam operation. PRACH resources are assumed to be associated with the SFNed SS/PBCH and SIB transmission beam direction. In the figure, S1, S2, and S3 step can happen within the same subframe, e.g. SS block. PBCH may indicates SIB transmission information including time and frequency location. Here, UE assumes the same DM-RS for PBCH demodulation and SIB demodulation including DM-RS sequence, number of DM-RS ports, and transmission schemes. DM-RS sequences for PBCH and SIB demodulation may differ but UE can easily extract the sequence information form the DM-RS sequence used for PBCH demodulation. 

In this case, UE transmits PRACH preamble based on the received SS/PBCH/SIB direction without knowledge of narrow beam information and RACH resources are tied with the SS/PBCH/SIB. Here, SIB includes RACH resources and configuration information, which is possibly per relatively wide beam (i.e. combined beam of multiple narrow beams and beams from multiple TRPs) and multiple TRPs share the RACH resources. The SIB also carries the beam RS information per TRP e.g. total number of beam RS ports and the number of beam RS ports per symbol or TRP, beam RS sequences, and etc.

Using PRACH configuration on the RACH resources, UE transmits PRACH preamble possibly targeting to multiple TRPs because PRACH configuration/resources are not TRP or beam specific. Multiple TRPs may receive PRACH preamble from a UE and a single or part of TRP(s) may respond to the PRACH preamble. Detailed PRACH procedure including RAR is described in our companion contribution [1]. 
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Figure 2. Alt. 1- Initial Access Procedure 
2.2. Beam-specific SIB 
On the other hand, Figure 3 shows an exemplary deployment of multiple TRPs sharing a cell ID but the difference from the Figure 1 is that TRP or beam identification is enabled by RS transmission per TRP or beam before PRACH configuration. After detection of SS and decoding of PBCH, which are SFNed transmitted, if TRP ID or beam ID(RS) is transmitted and UE is able to identify best serving TRPs or beams. Du to PRACH resources are associated with the TRPs or beams, the RACH procedure followed is performed per TRP or beam level. 
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Figure 2. Exemplary deployment of multiple TRPs sharing a cell ID

For the beam identification, beam specific RS should be transmitted from each TRP and the RS information should be known to UE a priori. To support beam based RACH procedure, PRACH configuration per beam should be provided and PRACH configuration is carried by SIB. Here, we consider beam sweeping of SIB with beam specific RS transmission per symbol and the SIB may be TRP (or group of beams) specific. Figure 4 describes respective initial access procedure. By the reception of beam swept SIB and beam specific RS, UE is able to identify its best beams and corresponding PRACH resources/configurations.
For the reception of beam swept SIB and beam specific RS, UE has to know the time-frequency location of SIB per TRP, DM-RS information for demodulation of SIB, the number of beam specific RS ports per TRP and corresponding RS information. For this purpose, separate signalling for the information (SIB) in the middle of PBCH and PRACH configuration signalling may be considered.

With this consideration, Figure 4 shows possible initial acquisition procedure for multiple beam operation. RACH resources are assumed to be associated with specific analog beam directions. In other words, PRACH configurations/resources are associated with a TRP or beam(s), which is preferably narrower than the SS/PBCH beams. In Figure 4, it is depicted that SIB1 is transmitted similar to SS/PBCH carrying beam RS information and DM-RS for SIB2. For convenience, we call SIB1 as the system information that UE has to decode right after PBCH, and SIB2 as the system information that UE has to decode to obtain PRACH configuration and beam identification. For SIB1, similar to SIB demodulation in figure 1, UE may assume the same DM-RS information used for PBCH demodulation is used for SIB1 demodulation. In addition, SIB1 carries beam RS information per TRP or beam. After decoding SIB1, UE gets ready to get PRACH configuration information from SIB2 and beam identification based on the beam RS information provided by SIB1.

 SIB2 provides PRACH configuration information/resources per TRP or beam and it is transmitted with beam sweeping manner at each TRP and beam RSs are also transmitted together with the SIB2 in order UE to identify best beam directions. In the figure, SIB2 transmission is per TRP with different time instance, but it is up to network’s choice SIB2 transmission instances. In order to reduce network signalling overhead, information of SIB2 may differ for each TRP and it is preferable to tag TRP ID in order not for UEs to confuse system information updates and SIB2 reception from different TRPs. 

PRACH configurations can be per TRP or beam and UE transmits PRACH preamble targeting to a single narrow beam at a PRACH attempt. Detailed PRACH procedure including RAR is described in our companion contribution [1]. 
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Figure 4. Alt. 2- Initial Access Procedure
3. Conclusion
In this document, we discussed multiple TRP operation considering analog beamforming focusing on initial access procedure. Due to SFNed transmitted PSS/SSS/PBCH sharing a cell ID, UE is not able to identify TRP and/or beams in the detection/decoding stage of PSS/SSS/PBCH. Analog beamforming and beam identification would be beneficial in an earlier stage especially for above 6GHz frequency ranges. If it is the case, beam management is to be performed in the earlier stage. In order to enable this operation, beam specific RS should be transmitted from the initial access stage for UEs to identify beam RSs which might cause overhead in terms of signalling within the essential system information. In other words, depending on the criteria, for example, beam RS information can be included in the essential system information. 

We described different two options for initial access procedure considering analog beamforming and different design on system information transmission is expected depending on which options to choose. Hence, we propose RAN1 study both options listed in this document. 
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