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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses synchronization signal and DL broadcast signal.

Discussion

Synchronization signals like PSS/SSS
As the synchronization signals, we identified following types of signals. 
- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC
- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC
- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB
- Synchronization signals for millimetre frequency with unlicensed band for eMBB
- Synchronization signals for below 6GHz frequency with coverage extension of mMTC
- Synchronization signals for below 6GHz frequency for sidelink
The reason of the distinction between below 6GHz and millimetre frequency is to support higher phase noise and higher Doppler in millimetre frequency. Then, we assume different subcarrier spacing usage between them. For example, below 6GHz would utilize 15 kHz and millimetre would utilize 60 kHz subcarrier spacing. Synchronization signal design also follows such difference.
The reason of the distinction between licensed and unlicensed band is the synchronization signal in licensed band can be periodically transmitted to minimize the overhead. Such periodic transmission would improve the receiver performance by energy combining of multiple signals. On the other hand, unlicensed band does not allow such periodic transmission as the time/frequency resource needs to be shared with the other usages. Therefore, similar to LAA, the synchronization signal to allow one-shot detection is required. Such signal would require rather wideband transmission for the reliability of one shot detection. Instead of the frequency diversity of one-shot wideband transmission, synchronization signal in licenced band can obtain time diversity because of the periodic transmission.
We assume URLLC is used for licensed band in order to have predictable time/frequency resource availability. Therefore, URLLC with unlicensed band is not considered.
Although we listed separate type as synchronization signal with coverage extension of mMTC, we are not yet sure whether separate signal is required. Similar to eMTC and LTE relation, synchronization signal for below 6GHz frequency with licensed band could be reused. As to allow NB-IoT in NR carrier bandwidth seems common understanding in NR session, mMTC could be more similarity with eMTC in LTE regarding supported bit rate and reliance on NR design like sharing the synchronization signal from eMBB.
Synchronization signal for sidelink is necessary as it is transmitted by UE. Even if the side link is operated by GNSS like GPS as the synchronization source, it needs to support the operation when GNSS is not available such as under the tunnels.
Note that to have the commonality among all channels is desirable. 
According to above discussion, we propose following.
Proposal 1: To have following types of synchronization signals
- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC
- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC
- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB
- Synchronization signals for millimetre frequency with unlicensed band for eMBB
- FFS: Synchronization signals for below 6GHz frequency with coverage extension of mMTC
- Synchronization signals for below 6GHz frequency for sidelink

MIB and SIB1
After UE detects the synchronization signal, UE receives MIB (=PBCH) like signal, which is minimum amount of the broadcast information. The subcarrier spacing of MIB is fixed relation to the synchronization signal. For example, if 15 kHz subcarrier spacing is used for the synchronization signal, MIB also uses 15 kHz subcarrier spacing. If 60 kHz subcarrier spacing is used for the synchronization signal, MIB also uses 60 kHz subcarrier spacing. 
Whether to separate MIB and SIB1 or to merge MIB and SIB1 is FFS. In order to minimize the constant fixed time frequency resource usage, to minimize MIB size and separate SIB1 is desirable. On the other hand, to split MIB and SIB1 means the cell detection procedure delay increases. This trade-off needs to be evaluated further. The amount of SIB would follow the discussion outcome of RAN2, like minimum system information and on-demand system information	 [2].
After the reception of MIB, for UE receiver, FFT bandwidth and frequency position for SIB1 and SIBx reception need to be known. If MIB and SIB1 are merged, FFT bandwidth and frequency position for remaining SIBs reception need to be known to UE. In case of MIB and SIB1 split, the centre carrier used by UE may be same between MIB and SIB1. In case of mMTC, SIB1 may be frequency hopped and the centre carrier position also varies based on the hopping pattern. These FFT bandwidth and frequency position could be used for other reception like paging, random access response, unicast DCI and PDSCH.
After MIB reception or after SIB1 reception, the numerology and time/frequency resource of DCI common search space needs to be known to UE. Then, the other system information can be signalled by DCI common search space. 
Proposal 2: Subcarrier spacing used for MIB is known by synchronization signal to UE.
Proposal 3: Whether and how to split between MIB and SIB1 is FFS. 
Proposal 4: After the reception of MIB, for UE receiver, FFT bandwidth and frequency position for system information reception is known. These FFT bandwidth and frequency position could be used for other reception like paging, random access response, unicast DCI and PDSCH.
Proposal 5: After the reception of MIB and/or SIB1, the numerology and time/frequency resource of DCI common search space is known to UE.

Beam and PCI
In millimetre frequency context, to extend the coverage by beamforming is one of the required technique. The system should support following two operations. 
Case 1) each beam has dedicated PCI and dedicated MIB/SIB1.
Case 2) multiple beams share the same PCI and share MIB/SIB1.
Case 1 is something similar to sector operation. Case 2 is something similar to CSI-RS id based distinction. Which case is used is up to the network operation and the system should support both cases. Note that one beam may be limited time/frequency resource usage only as the beam could sweep analogue manner and/or digital manner.
Proposal 6: Related to beamforming, following two cases are supported. Each beam may use only limited time/frequency resource.
Case 1) each beam has dedicated PCI and dedicated MIB/SIB1.
Case 2) multiple beams share the same PCI and share MIB/SIB1.

Channel raster and synchronization signal
In [2], following was proposed.
· The frequency raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster
· The frequency raster (used for synchronization and NR cell search) may depend on the frequency bands
· A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier
We think basically main idea is reasonable but above gives the impression that the measurement after the detection of the network is also "a UE should not assume a fixed frequency location of the synchronization signal(s)". After UE find the network, two extreme alternatives are following.
Alternative 1.   After UE find a NR synchronization signal, UE searches all possible absolute frequency locations.
Alternative 2.   After UE find a NR synchronization signal, UE searches only detected absolute frequency location.
The final decision should be something in the middle of two above extremes.
The meaning of carrier/channel raster in the 1st bullet point was not so clear. Therefore, we propose to re-write as following.
•	The candidate frequency locations of synchronization signal is sparser than the candidate frequency locations of the centre of NR carrier bandwidth.  
•	The granularity of the candidate frequency locations of synchronization signal may depends on the frequency bands.
•	A UE should not assume a fixed frequency location between the frequency location of synchronization signal and the centre of NR carrier bandwidth.
•	The candidate frequency locations of synchronization signal is sparser when UE is served by a cell compared with the case not served by the cell.

Proposal 7: Channel raster and synchronization signals are following.
•	The candidate frequency locations of synchronization signal is sparser than the candidate frequency locations of the centre of NR carrier bandwidth.  
•	The granularity of the candidate frequency locations of synchronization signal may depends on the frequency bands.
•	A UE should not assume a fixed frequency location between the frequency location of synchronization signal and the centre of NR carrier bandwidth.
•	The candidate frequency locations of synchronization signal is sparser when UE is served by a cell compared with the case not served by the cell.

Conclusion
This document discussed synchronization signal and DL broadcast signal.
Proposal 1: To have following types of synchronization signals
- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC
- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC
- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB
- Synchronization signals for millimetre frequency with unlicensed band for eMBB
- FFS: Synchronization signals for below 6GHz frequency with coverage extension of mMTC
- Synchronization signals for below 6GHz frequency for sidelink
Proposal 2: Subcarrier spacing used for MIB is known by synchronization signal to UE.
Proposal 3: Whether and how to split between MIB and SIB1 is FFS. 
Proposal 4: After the reception of MIB, for UE receiver, FFT bandwidth and frequency position for system information reception is known. These FFT bandwidth and frequency position could be used for other reception like paging, random access response, unicast DCI and PDSCH.
Proposal 5: After the reception of MIB and/or SIB1, the numerology and time/frequency resource of DCI common search space is known to UE.
Proposal 6: Related to beamforming, following two cases are supported. Each beam may use only limited time/frequency resource.
Case 1) each beam has dedicated PCI and dedicated MIB/SIB1.
Case 2) multiple beams share the same PCI and share MIB/SIB1.
Proposal 7: Channel raster and synchronization signals are following.
•	The candidate frequency locations of synchronization signal is sparser than the candidate frequency locations of the centre of NR carrier bandwidth.  
•	The granularity of the candidate frequency locations of synchronization signal may depends on the frequency bands.
•	A UE should not assume a fixed frequency location between the frequency location of synchronization signal and the centre of NR carrier bandwidth.
•	The candidate frequency locations of synchronization signal is sparser when UE is served by a cell compared with the case not served by the cell.
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