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1. Introduction
Initial access procedure would be very essential procedure for UEs to be connected to a network and several steps are involved in this procedure. In this document, we discuss on core steps for initial access in RAN1 perspective including PSS/SSS detection, PBCH and other system information decoding and PRACH procedure. 
Main agreements on NR initial access are captured below: 
	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
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings


2. Discussion
PSS/SSS detection
In order to get time/frequency synchronization, UE has to detect PSS/SSS. With the detection of PSS/SSS, UE can also obtain cell ID information and then decodes PBCH to get the system information. 

Due to wide range of frequencies and diversified use cases/service demands/requirements, multiple numerologies including subcarrier spacing, CP length, and subframe length are supported in NR. Subcarrier spacing for PSS/SSS may differ for each frequency range depending on the frequency characteristics of the frequency bands or this could be up to network choice. Based on the agreements in RAN1 #86bis, at least one subcarrier spacing for each synchronization signal is predefined in the specification for a given frequency range. On a specific frequency range, UE may assume that PSS/SSS/PBCH on the band is transmitted with the predefined subcarrier spacing. However, if multiple subcarrier spacing are applied to the PSS/SSS in NR, UE has to blindly detect PSS/SSS with different subcarrier spacing on the very wide range of frequencies, which may cause UE implementation complexity, UE battery consumption and larger latency to a network connection. Therefore, a single subcarrier spacing for each synchronization signal for a given frequency range is appropriate. 

Proposal 1: A single subcarrier spacing for each synchronization signal (e.g. NR PSS, SSS, PBCH) is predefined in the specification for a given frequency range. 
Though at least one subcarrier spacing for synchronization signal can be predefined but it is FFS whether PSS, SSS, and PBCH share the same subcarrier spacing. In terms of transmitting synchronization signal, “SS block” is defined as a container to carry PSS, SSS, PBCH and other system information in NR. In other words, SS block is composed by combination of synchronization signal and details on the SS block in described in [1]. We prefer PSS and SSS have the same numerology in terms of SS block composition, i.e. time unit that PSS and SSS span is the same. With this limitation, PSS and SSS have different subcarrier spacing in order to improve PSS detection performance [2]. More specifically, subcarrier spacing for PSS and SSS is different but the time duration that PSS and SSS are transmitted is the same. PBCH share the same subcarrier spacing with SSS. 
Proposal 2: Each synchronization signal has the same time unit within SS block. 

Proposal 3: PSS has different subcarrier spacing from other synchronization signal (e.g. SSS, PBCH)

PBCH decoding 
By detection of PSS and SSS, UE obtains time and frequency synchronization, cell ID information and next step is to get essential system information for access to the network. RAN1 decided to define at least one broadcast channel, PBCH and PBCH is expected to carry very essential system information. After getting synchronization of the network and cell ID, UE is ready to decode PBCH. 

The subcarrier spacing predefined in the specification for a specific frequency range is referred as reference numerology for synchronization signal. For the reference numerology within a specific frequency range, multiple candidates of subcarrier spacing can also be predefined in the specification. For example, 15khz for SSS/PBCH subcarrier spacing for below 6GHz, a set of candidate subcarrier spacing for data transmission like {3.75kHz, 15kHz, 30kHz, 60kHz} can be predefined in order to easily indicate subcarrier spacing for data transmission. If 60kHz is used SSS/PBCH subcarrier spacing for above 6GHz frequency range, corresponding subcarrier spacing candidates set for data subcarrier spacing would be, for example, {15kHz, 30kHz, 60kHz, 120kHz}. 

Proposal 4: subcarrier spacing for synchronization signal and corresponding subcarrier spacing candidates for data is also predefined in the specification. 

As described above, PBCH will be transmitted within SS block and we consider subcarrier spacing of PBCH follows that of SSS. Given that all of the essential system information cannot be carried PBCH but part of essential system information is transmitted in PBCH since information bits/field composition would be fixed in PBCH, rest of essential system information for initial access should be transmitted in other channel and PBCH also may signal where/when/how the remaining essential system information can be obtained. Details on the system information delivery/acquisition are elaborated in [3]
RACH procedure
On receiving essential system information, UE gets ready to try UL synchronization. Similar to the synchronization signals such as PSS, SSS, and PBCH, numerology for RACH procedure should also be decided. Considering target scenario and coverage requirements, numerologies for PRACH preamble transmission should be different than that of the synchronization signals or data as numerologies for PRACH and data are different. Details of RACH numerologies needs to be signalled by the system information but firstly we would like to discuss on the RACH resource numerology in terms of resource unit, i.e. size of time-frequency block considering multiplexing of RACH resource and data. 
In order to facilitate discussion on RACH resource, RACH resource is the time/frequency resource on which RACH messages are to be transmitted. RACH resource can be further defined as UL RACH resource and DL RACH resource. On UL RACH resource, UL RACH messages such as PRACH preamble and possibly msg. 3 can be transmitted. On UL RACH resource, UL RACH messages such as RAR (Radom Access Response) and possibly msg. 4 can be transmitted. By default, RACH resource follows SS block and SS bust time/frequency resource size. Alternatively, it is included in PRACH configuration on the time/frequency RACH resource size and location. 
As for the RACH numerology, could be several options for RACH numerology. First option would be to follow SS block numerology. Based on the SS block numerology, there can be predefined implicit mapping with PSS/SSS and/or PBCH numerology. In other words, without explicit signalling on PRACH numerology, UE implicitly can determine its PRACH numerology based on the detected PSS/SSS and/or PBCH numerology. If the PRACH configuration is provided in the form of shared data channel similar to LTE system, which utilize CSS in DL control region, this option would be appropriate since UE does not have any information on the numerology for data/control. With this option, at least RACH msg.1/2 may share the same numerology or tied together from the PSS/SSS and/or PBCH numerology in case different msg. 1 and msg. 2. 

The other option would be to signal RACH numerology in the essential system information. PRACH configuration provides numerology for PRACH and RAR. By default, msg. 3 numerology follows that of msg.1, msg. 4 numerology follows that of msg.2 unless RAR indicates numerology for msg3 and msg. 4. Msg. 4 may indicate numerology for later DL/UL data/control. 
After completion of RACH procedure, UE acquires DL/UL time/frequency synchronization, cell ID, cell associated UE ID and other system information and gets ready to receive DL data and transmit UL data so that the UE can get connected into RRC_connected state and finish initial access procedure. 
Proposal 5: FFS on the determination or signalling of numerology for RACH msg. 1/2/3/4 and numerology for data reception in RRC_connected. 
3. Conclusion
Based on the discussion on the initial access procedure in this paper, we propose as follows: 
Proposal 1: A single subcarrier spacing for each synchronization signal (e.g. NR PSS, SSS, PBCH) is predefined in the specification for a given frequency range. 
Proposal 2: Each synchronization signal has the same time unit within SS block. 

Proposal 3: PSS has different subcarrier spacing from other synchronization signal (e.g. SSS, PBCH)

Proposal 4: subcarrier spacing for synchronization signal and corresponding subcarrier spacing candidates for data is also predefined in the specification. 

Proposal 5: FFS on the determination or signalling of numerology for RACH msg. 1/2/3/4 and numerology for data reception in RRC_connected. 
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