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1 Introduction

In this contribution, we summarize the agreements related to cell identification and SS block structure, and further discuss potential impacts on RAN4.
2 Summary of the agreements in other groups
Synchronization signals: NR defines at least two types of synchronization signals: NR-PSS and NR-SSS. NR-PSS is defined at least for initial symbol boundary synchronization to the NR cell (the candidate numbers of PSS sequences are: 1, 2, 3, 4, and 6). NR-SSS is defined for detection of NR cell ID or at least part of NR cell ID. The number of NR cell IDs is targeted to be at least 504, but the most recent assumption is up to about 1000 hypotheses. NR-SSS detection is based on the fixed time/frequency relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported. PSS and SSS have the same transmission bandwidth and the same numerology.
The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE.

For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification.

For NR-PSS, ZC-sequence can be used as the baseline sequence for NR-PSS for study.

Synchronization signals bandwidth depends at least on the numerology (carrier spacing), but may also depend on carrier frequency and system bandwidth. For example:

· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

PBCH: At least one broadcast channel (NR-PBCH) is defined. NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range (the remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH). NR-PBCH contents shall include at least SFN (system frame number) and CRC. No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE. For NR-PBCH transmission, a single fixed number of antenna port(s) is supported. It’s still open whether the numerology for NR-PBCH is the same as that for NR-PSS/SSS or not, but the current assumption is that the PBCH numerology is the same as that of NR-SS, unless only 30 kHz subcarrier spacing for PBCH below 6 GHz is supported.
SS block: NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within an SS block. For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant. UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block. A single set of possible SS block time locations (e.g., with respect to radio frame or with respect to SS burst set) is specified per frequency band. At least for multi-beams case, at least the time index of SS-block is indicated to the UE. 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.
SS burst: One or multiple SS block(s) compose an SS burst. 
The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent, e.g.:
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

SS burst set: One or multiple SS burst(s) further compose an SS burst set (or series) where the number of SS bursts within a SS burst set is finite. From physical layer specification perspective, at least one periodicity of SS burst set is supported. From UE perspective, SS burst set transmission is periodic. At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency (e.g., one of 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, or 160 ms). UE may assume that a given SS block is repeated with a SS burst set periodicity. By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
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Figure 1: Example configuration of SS blocks, SS bursts and SS burst sets/series.

There may be the following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design

· Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth ≤5 MHz

· Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth ≤10 MHz

· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth ≤40 MHz

· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth ≤80 MHz

· The association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4
· Each subcarrier spacing is associated with single sequence length and transmission bandwidth

· Additional  parameter set or further down selection of  parameter set is not precluded

· Other subcarrier spacings are not precluded for data channel
Similarly, different parameter sets are defined also for PBCH, associated with subcarrier spacing and PBCH transmission bandwidth.
In RAN1#88, there has also been a specific agreement on SS burst set configuration for non-standalone NR cells [1]:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  

· FFS other values with consideration for functionalities provided by NR-SS in connected mode

· FFS whether to support NR-PBCH in non-standalone NR cell
3 Discussion
Based on the agreements summary above, one can observe that there will be some similarities with LTE in the cell identification procedure (e.g., involves receiving periodic PSS and SSS, which may have quite a different design though, and using them to determine the cell ID), but there will be more differences, in particular related to SS burst sets, their structure, and beamforming.
In relation to beamforming, an SS burst will contain L SS blocks associated with beams, and L can be quite large (potentially up to 128) at higher frequencies. At least when the cell is not known and the UE does not know the strongest beam, the UE will likely have to search through the whole SS block, which may be very resource demanding, unless there is at least one pre-defined block which is transmitted with a wide coverage.
In addition to monitoring a serving cell, the UE will have to detect also neighbor cells on the same or another carrier. According to RAN1 agreement, the UE assumes the same SS burst periodicity and timing/duration for all cells on the same carrier. One issue is that the number of beams may actually be different in different cells, which would impact the SS burst length, even if the periodicity of the SS burst is the same. The different SS burst lengths at neighbor cells would not be known to the UE without neighbor cell lists dynamically maintaining which is quite complex for the network. On the other hand, ensuring the same SS burst length in all cells on a carrier would be a pessimistic network configuration since all cells would have to be configured with the smallest supported number of beams among all cells on the carrier. Yet another aspect is that if the UE has to assume the same SS burst length for all cells on a carrier, it would still need to know the SS burst length for at least one cell; the UE perhaps knows the SS burst length in the serving cell and thus can assume the same for all other cells on the serving carrier, but the UE may not know the SS burst length of any cell on an inter-frequency.
· Observation 1: The SS burst length impacts UE complexity.
· Observation 2: Even if the UE can assume the same SS burst length in all cells on a carrier (which would require the same number of beams in all cells), it still needs to know the SS burst length for at least one cell. 
· Yet another aspect is that the SS burst set has a limited size, which is not yet decided. The SS burst set size needs to be sufficiently long to allow all the UEs to complete the cell detection.
· Observation 3: The SS burst set size has to be sufficiently long.

Another RAN1 agreement is that by default the UE may neither assume the gNB transmits the same number of physical beam(s) nor the same physical beam(s) across different SS-blocks within an SS burst set. Unless the UE gets some assistance from the network, detecting the changes of the SS block contents every time blindly may consume a lot of resources in the UE. Furthermore, this may impact the time needed for the UE to complete the whole procedure.
· Observation 4: Possible changing of SS blocks contents has to be accounted for when defining the cell identification requirements.
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