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Introduction
In RAN1#89, the configurations of SS-blocks and SS-burst set were agreed as follows,  
Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

In this contribution, we discuss the SS block composition, SS block location within a SS burst set and SS-block indication in single and multi-beam configurations.   

SS Block Composition

The working assumption of NR-PBCH transmitting on every SS block was confirmed in RAN1#89.   Four opitions of SS-block composition below for number of PBCH symbols being two symbols are shown in Figure 1.




(a) PSS-SSS-PBCH-PBCH                  (b) PSS-PBCH-SSS-PBCH        (c) PBCH-PSS-SSS-PBCH        (d) PSS-PBCH-PBCH-SSS
[bookmark: _Ref485143670]Figure 1: Candidates of SS Block composition
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH – There is no distinct advantage in putting PSS/SSS back-to-back before two-symbol PBCH.   For SSS before two PBCH, the channel tracking and channel estimation from SSS could be used to assist channel estimation of PBCH.

· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH – The advantage of option 2 is to have one symbol apart between PSS and SSS for better channel tracking, in particular frequency offset estimation.   The design of SSS located between two symbols of PBCH is to use SSS channel estimation output for the demodulation of PBCH.   Since PBCH occupies twice the BW of PSS/PSS, the channel estimation results from SSS could only assist the channel estimation for the overlapped frequency part of PBCH but not other area.  The channel estimation from the self contained DMRS of PBCH would be the primary channel estimation for demodulation with some assistance from the channel estimation results from SSS.   

· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH – The design of PBCH at both ends of SS block with PSS/SSS symbols in the middle intends to use DMRS of PBCH for channel tracking.   However, the channel tracking would firstly be used for coherent demodulation of PBCH.   If DMRS of PBCH is used for the channel tracking, the demodulation of PBCH will be delayed.   

· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS – The advantage of PSS and SSS at both ends of SS block is to use both PSS and SSS for channel tracking, in particular frequency offset estimation.   UE will detect PSS and SSS first to determine the camping cell.   UE will select the camping cell and use its PSS and SSS as DL reference timing for the initial access to NR system, which includes demodulation of PBCH.   UE will use the frequency and timing offset estimation results from PSS/SSS to compensate the frequency and timing errors of PBCH DMRS before channel estimation.  It is shown in [5] that PSS/SSS at both ends in option 4 had best frequency offset estimation performance comparing to options 1, 2, and 3. 

Proposal 1:  The SS block should support the mapping order of PSS-PBCH-PBCH-SSS  in time for better channel tracking and coherent demodulation of PBCH.   


SS Burst Set and SS-block Indication

It was agreed in RAN1#89 that SS block time location would be fixed in the specification.  The SS block time locations for multi-beam configuration would be located at 5 ms window within 20 ms duty cycle.   The SS block allocation was designed to support self contained structure based on 14-symbol slot structure.   Figure 2 shows an example of SS block time location within a 14-symbol slot.   First two symbols of slot are reserved for the CORESET resource allocation for DL/UL scheduling grant.   Two symbols in the end of slot are reserved for GP/UL to support self-contained structure.  
The two SS blocks are proposed to be located at 3rd -6th symbols and 7th – 10th symbols back-to-back in 14-symbol slot structure to have full flexibility of DL/GP/UL configuration at the last 4 symbols.   For DL heavy configuration, the 11th and 12th symbols would be configured as DL parts with 13th symbol as GP and UL part at 14th symbol as shown in Figure 2.     The DL/UL balance or UL heavy self contained slot configuration is shown in Figure 3, which the 1st slot contains DL-GP-UL-UL symbols and the 2nd slot contains GP-UL-UL-UL symbols for the remaining 4 symbols.  

 

[bookmark: _Ref485158849][bookmark: _Ref485158859]Figure 2: SS block time location in 14-symbol slot with DL heavy self contained structure


[bookmark: _Ref485162938]Figure 3: SS block time location in 14-symbol slot with balance or UL heavy self-contained structure


[bookmark: _Ref485163480]Figure 4: SS block time location with 2 SS-blocks in separation in 14-symbols slot


[bookmark: _Ref485163502]Figure 5: SS block time location with DL symbols in the front for DL heavy slef-contained structure

For DL heavy self-contained slot structure, 2 DL symbols could be placed between 2 SS blocks in Figure 4 or before 2 SS blocks in Figure 5.   Putting DL symbols right after first 2 symbols reserved for DL control is to give UE more time for processing DL data.   However, these two configurations in Figure 4 and Figure 5 do not have the flexibility in configuring GP/UL symbols in the front since one DL/UL switch is allowed in a slot.   Thus, for 120 kHz subcarrier spacing, the two SS blocks are proposed to be located at 3rd -6th symbols and 7th – 10th symbols back-to-back in 14-symbol slot structure to have full flexibility of DL/GP/UL configuration at the last 4 symbols.    Similar for 240 kHz subcarrier spacing, the two SS blocks are proposed to be located at 5th -8th symbols and 9th – 12th symbols back-to-back in the slot structure to have full flexibility of DL/GP/UL configuration at the remaining 2 symbols in 1st slot and 2nd slot.    

Proposal 2:  For 120 kHz subcarrier spacing, the two SS blocks are proposed to be located at 3rd -6th symbols and 7th – 10th symbols back-to-back in 14-symbol slot structure to have full flexibility of DL/GP/UL configuration at the last 4 symbols.   
Proposal 3:  For 240 kHz subcarrier spacing, the two SS blocks are proposed to be located at 5th -8th symbols and 9th – 12th symbols back-to-back in the slot structure to have full flexibility of DL/GP/UL configuration at the remaining 2 symbols in 1st slot and 2nd slot.    

For 15 and 30 kHz subcarrier spacing, both 7-symbol and 14-symbol slots are supported.  Since one DL/UL switching is allowed in a slot, 7-symbol slot structure would allow more frequent DL/UL switching and is important for the support of low latency applications, such as URLLC.  Especially, UL data transmission with low latency requirements, such as URLLC, should have UL transmission at least 2 – 4 times within 1 ms.   To achieve at least 2 time UL transmission within 1 ms, it requires operation in 7-symbol slot structure for 15 kHz subcarrier spacing.   For 30 kHz subcarrier spacing, there are up to 2 UL transmission opportunities for 14-symbol slot and up to 4 UL transmission opportunities for 7-symbol slot within 1 ms.  To place a 4-symbol SS block into a 7-symbol slot, only 1 symbol could be preserved in the beginning of the slot for DL control and 2 symbols are preserved for guard period and UL control at the end of the slot as shown in Figure 6.   Each 7-symbol slot would have one DL symbol for DL control and data in the beginning of slot and one GP and UL symbol at the end of the slot.  


[bookmark: _Ref471619861]Figure 6: SS block allocation and self contained structure in 7-symbol slot

Proposal 4:  For 15 and 30 kHz subcarrier spacing, at least 1 OFDM symbol is preserved for DL control at the beginning of the 14-symbol slot.   
Proposal 5:  15 and 30 kHz subcarrier spacing, SS blocks are proposed to be located at 2nd -5th  symbols and 9th  – 12th  symbols in 14-symbol slot structure to have full flexibility of supporting operation of  7-symbol slot for low latency applications .   

Conclusion
This paper discusses the SS-burst set and SS-block configuration in single and multi-beam configurations.  We propose the following,  
· Proposal 1:  The SS block should support the mapping order of PSS-PBCH-PBCH-SSS  in time for better channel tracking and coherent demodulation of PBCH.   
· Proposal 2:  For 120 kHz subcarrier spacing, the two SS blocks are proposed to be located at 3rd -6th symbols and 7th – 10th symbols back-to-back in 14-symbol slot structure to have full flexibility of DL/GP/UL configuration at the last 4 symbols.   
· Proposal 3:  For 240 kHz subcarrier spacing, the two SS blocks are proposed to be located at 5th -8th symbols and 9th – 12th symbols back-to-back in the slot structure to have full flexibility of DL/GP/UL configuration at the remaining 2 symbols in 1st slot and 2nd slot.    
· Proposal 4:  For 15 and 30 kHz subcarrier spacing, at least 1 OFDM symbol is preserved for DL control at the beginning of the 14-symbol slot.   
· Proposal 5:  15 and 30 kHz subcarrier spacing, SS blocks are proposed to be located at 2nd -5th  symbols and 9th  – 12th  symbols in 14-symbol slot structure to have full flexibility of supporting operation of  7-symbol slot for low latency applications .   
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