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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 RAN1#88bis, NR SS periodicity and SS-block time index was agreed as follows, \
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements

In this contribution, we discuss the time index indication of SS-blocks and associated signals required for 

SS Block Indication
SS block indication is used to identify the radio frame boundary of the detect system frame number (SFN) information.   SS block contains at least NR-PSS/NR-SS and NR-PBCH for UE to detect the DL system time and retrieve network system information.   SFN is part of system information included in NR-PBCH.   After UE detect and retrieve system information from SS-block, UE needs to allocate the SFN frame boundary.  In RAN1#89, it was that the SS-block time allocation is fixed in a 14-symbol slot with respect to the subcarrier spacing.  The SS-block time location is proposed to be fixed offset from the slot boundary as analyzed in [8].  The time index of the SS-block within the SS-burst set is fixed in order as shown in Figure 1.   The time index would be represented by the numerical order of the listed SS-blocks within SS burst set.     Since the SS block time index is included in PBCH, the time index is represented by 6-bit SS-block index for up to 64 SS blocks within a SS burst set.     The 6-bit time index is included in the PBCH payload

[bookmark: _Ref485169335]Figure 1:  An example of SS block configurations and actual transmitted SS blocks (in yellow) in a SS burst set

Proposal 1: The time index is represented by 6-bit SS block index for up to 64 SS blocks within a SS burst set.  
Proposal 2: The 6-bit time index is included in the PBCH payload.  

For beam sweeping in multi-beam configuration, each SS-block starts transmitting at the time index within a SS-burst set.  The time index of SS-block transmission on each beam is the timing offset relative to the radio frame boundary.   It was agreed that the time index included in the NR-PBCH after UE detection of NR-PSS/NR-SSS and demodulate the NR-PBCH on one SS-block.  Since same NR-PSS/NR-SSS signals in the SS-block are sweeping through the coverage area for cell search, UE would not be able to fetch the time index information from the detected NR-PSS/NR-SSS.  The time index information of each SS-block during beam sweeping is read from NR-PBCH.  UE will derive the SFN frame boundary and each subframe number within the radio frame from the time index for all physical channel configurations.  
Proposal 3: For both single beam and multi-beam configuration, the time index included in the NR-PBCH, UE derives the SFN frame boundary and each subframe number within the radio frame for all physical channel configurations.  

 The time index information might be able to derive the reference frame and subframe boundary and physical channel configuration for a given TRP.  In fully synchronous deployment of a cell with multiple TRPs and multi-beam configuration at each TRP as shown in Figure 1, each TRP would have 6 beams with same time index number 1 to 6 for beam sweeping clockwise.    In Figure 1, UE might detect B2 and B3 from TRP-1, B4 from TRP-3, and B2 from TRP-2.  If the time index is only parameter used to indicate the SS block, UE could not distinct beams from different TRP.  UE would perform RRM measurements based on the detected beams from all three TRPs.   In the current state, UE would get the RRM measurement from B2 due to its SFN combining from both TRP-1 and TRP-2.   If UE moves toward south east direction in Figure 1, UE would get strongest RRM measurements from B3 because UE detects B3 signals from combining of signals from TRP-1, TRP2, and TRP-3.   Using the time index along for SS block indication is not sufficient in multi-TRP deployment scenario.  Additional beam-specific signal, such as TSS, is needed to identify beams from different TRPs.


Proposal 4:  Using the time index along for SS block indication is not sufficient in multi-TRP deployment scenario.  Additional beam-specific signal, such as TSS, is needed to identify beams from different TRPs.


[bookmark: _Ref481519520]Figure 2: Illustration of Beam index from multiple TRPs in multi-beam configuration

Conclusion
This paper discusses the time index of SS-block.  We propose the following,  
· Proposal 1: The time index is represented by 6-bit SS block index for up to 64 SS blocks within a SS burst set.  
· Proposal 2: The 6-bit time index is included in the PBCH payload.  
· Proposal 3: For both single beam and multi-beam configuration, the time index included in the NR-PBCH, UE derives the SFN frame boundary and each subframe number within the radio frame for all physical channel configurations.  
· Proposal 4:  Using the time index along for SS block indication is not sufficient in multi-TRP deployment scenario.  Additional beam-specific signal, such as TSS, is needed to identify beams from different TRPs.
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