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1 Introduction
In RAN1#86bis, the following agreement was made for NR synchronization signals and broadcast channel [1].
Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
This contribution discusses the initial access procedure for below 6 GHz frequency range where single beam based transmission is mainly considered.
2 Initial access procedure for below 6 GHz

As agreed, NR specification should support frequency bands up to 100GHz. Depending on frequency bands, the channel characteristics are different and the desirable initial access procedure can be different. For example, initial access should be based on multi-beam operation in order to have sufficient coverage, e.g., beam sweeping and/or repetitions for above 6GHz. However, single-beam operation is sufficient for below 6GHz as is in LTE. Therefore, for frequency bands below 6GHz, initial access procedure specified in LTE can be the starting point for NR. Figure 1 shows the diagram of initial access procedure considered for below 6 GHz in NR. 
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Figure 1 Initial access procedure in NR

In Figure 1, there are 4 steps for initial access procedure. Here, random access procedure and mobility procedure are not considered as initial access procedure. As similarly with LTE, NR-PSS, NR-SSS and NR-PBCH can be utilized for the initial access. In each step, each synchronization signal or broadcasting channel can be used for specified purposes. Detailed procedure and targeted purposes of each step are described as below. 

Step 1: NR-PSS detection 

- When a UE turns on, it starts to search initial symbol boundary by detecting a NR-PSS. Unlike LTE, UE assume that single NR-PSS sequence is used regardless of cells in NR, so single searcher operates for NR-PSS detection. As described in our companion contribution, single NR-PSS is beneficial in terms of reduced false alarm as well as less UE complexity in PSS detection [2]. 

- By implementation, coarse frequency synchronization can be achieved.

- The UE also needs to detect the subcarrier spacing values used for NR-PSS. As discussed in [3], subcarrier spacing value for NR-PSS can be decided by gNB depending on deployment scenarios and frequency range and the UE has to detect blindly the subcarrier spacing value for NR-PSS by detecting PSS. Once the UE detects the subcarrier spacing value, it assumes that same subcarrier spacing is used at least for NR-SSS, and NR-PBCH.

- After PSS detection, the UE assumes different multiplexing of synchronization signals and NR-PBCH. As proposed in our companion contribution [4], TDM of NR-PSS, NR-SSS and NR-PBCH is used especially for below 6 GHz. The multiplexing method should be known to a UE and two alternatives can be considered as below. 

· Alt 1: Multiplexing of synchronization signals and NR-PBCH is predefined per frequency range.

· Alt 2: Multiplexing of synchronization signals and NR-PBCH is indicated by PSS.
Step 2: NR-SSS detection 

- Since TDM is considered for multiplexing of NR-PSS, NR-SSS and NR-PBCH, the UE assumes NR-SSS is transmitted in the same frequency location with detected NR-PSS. 

- All of Cell ID information is conveyed in the NR-SSS. 

- Since NR-PSS uses a single sequence and is shared by neighbor cells, there would be SFN (Single Frequency Network) effect in NR-PSS. Due to the SFN effect, the UE cannot estimate channel state information of each cell/TRP using detected NR-PSS. Therefore, coherent detection of NR-SSS is not preferable in NR.

- Since “always-on” RS is not considered in NR, it is preferable that the channel state information for the demodulation of NR-PBCH is estimated by NR-SSS. It should be assumed that same number of antenna ports are supported for both NR-SSS and NR-PBCH in order to support transmit diversity scheme.
Step 3: NR-PBCH detection 
- Since TDM is considered for multiplexing of NR-PSS, NR-SSS and NR-PBCH for below 6 GHz frequency range, UE assumes NR-PBCH is transmitted in the same frequency location as the detected NR-PSS. 

- If the candidate frequency locations of NR-PSS, NR-SSS and NR-PBCH is sparser than the possible frequency location of the center of a NR carrier, UE cannot assume NR-PSS, NR-SSS and NR-PBCH are transmitted at the center of a NR carrier. As a result, UE cannot know the exact frequency location of synchronization signals after detection of NR-PSS, NR-SSS and NR-PBCH. Therefore, the offset between frequency location of NR synchronization signals and the center of NR carrier should be signaled to the UE by NR-PBCH. 

Step 4: SIB acquisition 
- When multiple numerologies are supported, an Idle UE has to know which numerology is used for the transmission of SIB and paging. For the simplicity, it is preferred that the idle UE assumes that the numerology used for NR-PSS, NR-SSS and NR-PBCH can be also used for reception of NR-PDCCH and NR-PDSCH for essential system information and paging. 

- On-demand SI transmission can be considered in NR to reduce the overhead required to system information transmission [5].

3 Conclusion

This contribution discusses the initial access procedure for below 6 GHz frequency range where single beam based transmission is mainly considered.
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