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Introduction
In RAN1#88bis, the configurations of SS-blocks and SS-burst set were agreed as follows,  
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)

Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS
· 1 symbol NR-SSS
· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive

Agreements:
· For frequency range up to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among:
· Alt 1: 16
· Alt 2: 8
· Alt 3: 4
· FFS whether or not to have a fixed max value per frequency range
· FFS whether or to have a smaller max number  for different frequency ranges
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is to be down-selected among
· Alt 1: 128
· Alt 2: 64
· Alt 3: 32
· Other numbers are not precluded
· Companies are encouraged to perform further analysis particularly w.r.t. the resulting performance/overhead, taking into account signaling details  – revisit later this week (Nokia)

Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded
Note that above agreements are updated agreements

Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.

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

SS Burst Set and SS-block Indication

The transmission of SS-blocks, which consists of NR-PSS/NR-SSS/NR-PBCH, is for UE to perform cell detection and measurement.  SS-burst is composed with one or more SS-blocks as shown in Figure 1.  SS-burst composes multiple SS-blocks to enable repetitive transmissions of SS-blocks in different direction for multi-beam configuration.  A SS-burst set consists of multiple SS-bursts to complete the beam sweeping of a coverage area.   For multi-beam configuration, it should be possible to transmit SS-blocks from same beam multiple times within one SS-burst.   The number of SS-bursts within a SS-burst set and the number of SS-blocks within a SS-burst would be determined based on the deployment scenario and operating frequency band.    For example, the number of SS-blocks within a SS-burst in the deployment scenario of beam sweeping in multi-beam configuration is determined by the number of beams and the DL/GP/UL configuration.  In order to complete beam-sweeping the coverage area, each beam needs to have at least one SS-block transmission over the sweeping interval.   The number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.  

 Proposal 1:  The number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.

For the deployment in frequency band below 6 GHz, the propagation loss is relatively low.   In RAN1#88bis, the maximum number of SS-blocks L for carrier frequency ranging up to 3 GHz and between 3 – 6 GHz are ranged in the following for down selection, 

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

The coverage area is sufficiently large for frequency band below 6 GHz.  The beamforming effects for frequency band below 6 GHz are not as good as those in mmWave due to higher penetration and scattering effects.   If operator intends to operate beam sweeping in its frequency band for coverage extension, the maximum number of beams should be limited.   Thus, the maximum number of SS-blocks for below 6 GHz should be limited to 4.  

Proposal 2:  The maximum number of SS-blocks for below 6 GHz should be set to 4.  

For the deployment in frequency band above 6 GH, the number of beam for beam sweeping to extend the coverage could not be too narrow in DL.  If ultra narrow beam is used for DL beam sweeping to extend the coverage, UE needs to perform similar narrow beam in UL beamforming to balance the DL/UL coverage.   Narrow beamforming would increase the RF cost at the UE dramatically.   Moreover, narrow beam would be challenged for UE to establish DL/UL beam correspondence.  The beam sweeping time will increase as the number of SS-block increase.  The radio resource used for beam sweeping will also increase in proportion.   For beam sweeping in a sector, it requires 20 beams roughly to cover a 120o sector horizontally with 15o beamwidth.  Thus, the maximum number of SS-blocks for above 6 GHz should be 32 with beam width around 6o horizontally.   

Proposal 3:  The maximum number of SS-blocks for above 6 GHz should be set to 64.  
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[bookmark: _Ref471619861]Figure 1: Structure of NR synchronization signals

One SS-block will be transmitted on a fixed number of OFDM symbols.  For single beam configuration, one SS-block is transmitted at fixed starting symbol associated with subframe boundary in a given radio frame.   For beam sweeping in multi-beam configuration, each SS-block starts transmitting on its given OFDM symbol index within a SS-burst set.  The time index of SS-block transmission on each beam is the timing offset relative to the subframe boundary.   The time index should be known to the UE after the 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 might be included in NR-PBCH.  UE could demodulate NR-PBCH in the SS-block after detecting NR-PSS/NR-SSS to retrieve time index of SS-block in multi-beam configuration.
Proposal 4: For single beam configuration, one SS-block is transmitted at the default time index specified in the specification.  
Proposal 5: Time index of SS-block in multi-beam configuration is included in the NR-PBCH of the SS-block.

It was agreed in RAN1#88bis that a method for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted in the following,
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.

In RAN1#88, it was agreed that the actual transmitted SS-blocks can be informed to UE as follows, 
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)

In multi-beam configuration, UE would detect one or more SS-blocks with same cell ID at the cell portion where UE is located.   IDLE UE would select the strongest SS-block for the initial access, which includes 4-step RACH procedure and RRC Connection establishment signalling procedures on NR-PDSCH/NR-PUSCH.    UE will receive all DL information from NR-PDSCH in non-beam sweeping OFDM symbols, which is OFDMs excluding actual transmitted SS-blocks.     In order to receive NR-PDSCH on non-beam sweeping OFDM symbols, UE needs to decode NR-PDCCH common search space for RACH procedures and UE-specific search space for RRC Connection signalling procedures.   It was agreed in RAN1#88bis that NR-PBCH provides the configuration of NR-PDCCH for resource allocation of minimum system information on NR-PDSCH.  NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH as follows,.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

The common search space of NR-PDCCH needs to be beam swept in order for all UEs to receive the desired minimum system information for the initial network access.   In RAN1#88bis, it was also agreed that delivery of other system information is on NR-PDSCH with indication by NR-PDCCH, minimum system information, or others as follows,   

· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.

Due to the limitation of beam sweeping capacity, NR-PDSCH carried other system information should be on non-beam sweeping OFDM symbols.   NR-PDSCH carries RRC Connection establishment procedures would also be on non-beam sweeping OFDM symbols.   The configuration of NR-PDCCH UE-specific search space needs to be indicated by either NR-PBCH or remaining minimum system information.    If UE is informed of NR-PDCCH configuration, which includes both common and UE-specific search spaces, NR-PDSCH resource would be allocated by NR-PDCCH.   Therefore, UE does not need to know the exact number of SS-blocks been transmitted by the network.   
Proposal 6:  The indication of which the nominal SS blocks in SS burst sets are actually transmitted is implicitly through the configurations of common and UE-specific search spaces in NR-PDCCH.    


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 number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.
· Proposal 2:  The maximum number of SS-blocks for below 6 GHz should be set to 4.  
· Proposal 3:  The maximum number of SS-blocks for above 6 GHz should be set to 64.  
· Proposal 4: For single beam configuration, one SS-block is transmitted at the default time index specified in the specification.  
· Proposal 5: Time index of SS-block in multi-beam configuration is included in the NR-PBCH of the SS-block.
· Proposal 6:  The indication of which the nominal SS blocks in SS burst sets are actually transmitted is implicitly through the configurations of common and UE-specific search spaces in NR-PDCCH.    
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