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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses synchronization signal and DL broadcast signal. This is major update of R1-1609701.

Discussion

Synchronization signals difference between below 6GHz and millimetre frequency
We see the subcarrier spacing and bandwidth of synchronization are different between below 6GHz and millimetre frequency in order to address higher phase noise and higher Doppler in millimetre frequency. The minimum UE capable bandwidth itself would be also different between below 6GHz and millimetre frequency. On the other hand, the sequence used for SS should be tried to be same as it has the possibility to reduce the HW size sharing between two frequencies.
Proposal 1: Subcarrier spacing and bandwidth of synchronization are different between below 6GHz and millimetre frequency.
Proposal 2: The sequence used for SS should be tried to be same. 

Synchronization signals difference between licensed and unlicensed band operation
In licensed band, to have power boosting of SS are quite useful to increase the coverage. If gNB amplifier support the operation to increase PSD further by reducing the bandwidth like UE amplifier, the coverage extension gain is significant. From this perspective, SS and PBCH should be TDMed as boosting SS and PBCH respectively is possible.
In unlicensed band, power boosting on the limited bandwidth is not possible because it influences LBT procedure. In addition, PSD is limited to allow better LBT procedure. When PSD is limited, FDM of SS and PBCH is useful in order to fully utilize time/frequency resource. It also reduces the delay to detect SS and PBCH.
Based on the above discussion, we propose following.
Proposal 3: SS and PBCH are TDMed in licensed band operation.
Proposal 4: SS and PBCH are FDMed in unlicensed band operation.

Synchronization signals for different use cases
Our thinking is URLLC capable UE also support eMBB as the complexity required for URLLC is sufficiently satisfy eMBB operation. Therefore, we don't see the need of URLLC specific synchronization signal.
As to allow NB-IoT within NR carrier bandwidth seems common understanding in RAN1, 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. We see 5 or 10MHz order could be minimum bandwidth for NR mMTC from complexity perspective. 5 or 10 MHz could be also good number of SS design for below 6 GHz. 
Proposal 5: SS for eMBB, URLLC and mMTC can be common assuming 5 or 10 MHz SS/PBCH bandwidth.


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. 
In order to minimize the constant fixed time frequency resource usage of MIB, to minimize MIB size and separate SIB1 is desirable. SIB1 carries the scheduling of the other SIBx. For essential SIBs, the scheduling including time/frequency resource information. Therefore, we don't see the need of DCI for essential SIB.  This can increase the reliability of SIB transmission. It is FFS whether SIB1 can carry all minimum SIB or not.
Proposal 6: MIB carries minimum information and not contain all minimum SIBs.
Proposal 7: MIB carries the time frequency information of SIB1.

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 8: 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.


Conclusion
This document discussed synchronization signal and DL broadcast signal.
Proposal 1: Subcarrier spacing and bandwidth of synchronization are different between below 6GHz and millimetre frequency.
Proposal 2: The sequence used for SS should be tried to be same 
Proposal 3: SS and PBCH are TDMed in licensed band operation.
Proposal 4: SS and PBCH are FDMed in unlicensed band operation.
Proposal 5: SS for eMBB, URLLC and mMTC can be common assuming 5 or 10 MHz SS/PBCH bandwidth.
Proposal 6: MIB carries minimum information and not contain all minimum SIBs.
Proposal 7: MIB carries the time frequency information of SIB1.
Proposal 8: 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.
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