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Introduction
In RAN1#91 meeting, the following has been agreed on synchronization signal for NR design [1]:
Agreements:
· Confirm the working assumption of:
· NR supports the scheme of 'Group-Bitmap (8 bits) + Bitmap in Group (8 bits)' for actual transmitted SS/PBCH block position indication in RMSI for above 6GHz frequency range
· In Rel-15, no support of dedicated signalling of the location of additional multiple SS/PBCH blocks in frequency domain of a cell for rate matching purposes 
· The periodicity of the SS/PBCH blocks for the serving cell is included in the RMSI of the serving cell
· For measurement, SSB frequency location (except for cell defining SS/PBCH blocks of the serving cell which supports standalone access) may or may not be located on the sync raster
· gNB indication of the transmitted cell-defining SS blocks that partially or fully overlap with reserved resources is considered an error in configuration for the given transmitted cell-defining SS blocks
· No UE behavior needs to be specified 
· The time/frequency synchronization for a serving cell without a SS/PBCH block is based on the PCell or the pScell in the given cell group for the serving cell in Rel-15
· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.
· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and if applicable the DMRS of PDSCH conveying Msg4.

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR. Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we considered and discussed SS design for initial access, and related observations for SS for single and multi-beam initial access. Particularly, we discussed the remaining issues and details for synchronization signal including SS block (SSB) designs.
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The bandwidth of NR-PBCH can be reduced to decrease the total number of hypothesis for initial cell selection. This can be beneficial for both sub-6GHz and above-6GHz. Some PRBs per symbol can be removed from original PBCH OFDM symbols and be added to SSS OFDM symbol. The bandwidth of NR-PBCH can be reduced to 20 PRBs. The same mapping rule i.e., frequency-first and time-second mapping rule for data and DMRS can be applied. The DMRS density in the NR-PBCH resources for the SSS OFDM symbols can be the same as the DMRS density in the NR-PBCH resources. 
For sub-6GHz, single subcarrier spacing (SCS) can be used. This may come with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth. For above-6GHz, a single subcarrier spacing (SCS) per band can be used. If dual SCS is considered to be used for a band, the number of hypothesis should be minimized and at least should not be increased, or not increased significantly as compared to the case of single SCS. After initial cell selection, the UE is expected to find a single SCS per frequency layer. The EPRE offset between SSS RE and PBCH DMRS RE is 0 dB.
The SS block resource elements are subcarriers # 0 to 239 in all four symbols. Subcarriers # 48 to 55 and 183 to 191 in symbols allocated to PSS and SSS are transmitted with zero power. Subcarrier number is relative to the start of an SS/PBCH block. The OFDM symbol number is relative to the start of an SS/PBCH block. The REs not used for SS/PBCH block of any data PRB that partially or fully contain SS block resource elements are transmitted with zero power and other physical channels are rate matched around such PRBs. The SS/PBCH block PRB grid offset is applied to the whole SS/PBCH block and the subcarrier numbering is before the shift.
The resources and mappings within an SS block for PSS, SSS, PBCH and DMRS for PBCH can be defined by Table 1.  

[bookmark: _Ref498296719]Table 1:  Resources within an SS/PBCH block for PSS, SSS, PBCH and DMRS for PBCH. 
	Channel or signal
	OFDM symbol number relative to the start of an SS/PBCH block 


	Subcarrier number relative to the start of an SS/PBCH block 



	PSS
	0
	56, 57, …, 182

	SSS
	2
	56, 57, …, 182

	Set to zero
	0
	0, 1, …, 55 and 183, 184, …, 239

	Set to zero
	2
	48, 49, …, 55 and 183, 184, …, 191

	PBCH
	1, 3
	0, 1, …, 239

	PBCH
	2
	0, 1, …, 47 
and 
192, 193, …, 239 

	DMRS for PBCH
	1, 3
	


	DMRS for PBCH
	2
	
and








Proposal 1: For SS/PBCH block design NR adopts the resource mappings in Table 1 of the contribution.

SSB QCL Indication 
A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated (QCL-ed) with respect to spatial, average gain, delay and Doppler parameters. By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are QCL-ed. 
In some cases network may want to repeat SS block in order to support Tx beam repetition for increased coverage for a given UE Rx beam or to support UE Rx beam sweeping, UE may need to know how network repeat the SS blocks. Whether the network indication of SS block repetition is needed or not may be investigated and the impact on QCL assumption may need to be studied. 
gNB has the flexibility to use different physical beams and its mapping for the SS/PBCH block transmission. It is not specified for the case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not QCL-ed with respect to spatial, average gain, delay, and Doppler parameters. In case gNB may use different physical beams for the SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are different, gNB may need to indicate this case to UE.

Conclusions
SS design for initial access was considered and discussed in this contribution. The related observations for SS for single and multi-beam initial access were discussed. The remaining issues and details for synchronization signal including SS block designs and QCL indication for SS block were discussed. 
We have the following proposal:
Proposal 1: For SS/PBCH block design NR adopts the resource mappings in Table 1 of the contribution.
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