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1 Introduction
In RAN1#86, the following was agreed in relevance to NR DL synchronization:
Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility

· FFS: supporting efficient inter-RAT measurement

· Reducing the frequency hypothesis UE needs to search for compared to LTE

· FFS: detecting beam ID(s)
Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement

· FFS: When DL measurement is applied

Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now
Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered

· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges

· Other alternatives are not precluded

· NR synchronization signal is based on CP-OFDM

· Note that DFT-spread-OFDM based design is not precluded
Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology
· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands

Agreements:
· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 

· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part

· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)

· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)
· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)
· In the above study, at least following aspects should be considered:

· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)

· Resource overhead
· UE complexity (e.g. involved with decoding of the information)

This contribution provides our views on NR DL synchronization signal design.
2 Classification of Tx/Rx Beamforming
We classify the Tx/Rx beamforming option at least for the further study. Particularly in >6GHz frequency, beamforming operation may need to be studied.

· Omni-directional Tx/Rx
· Single antenna element used in antenna array

· Single beam in the beam subset. No directivity gain.

· Partial power utilization at Tx in >6GHz

· Quasi omni-directional Tx/Rx
· All antenna elements used in antenna array

· Smaller number of beams in the beam subset. Smaller directivity gain.

· Full power utilization at Tx

· Directional Tx/Rx
· All antenna elements used in antenna array

· Larger number of beams in the beam subset. Larger directivity gain.

· Full power utilization at Tx
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 (a) Omni-directional Tx/Rx    (b) Quasi-Omni-directional (or wider beamformed) Tx/Rx   (c) Directional Tx/Rx
Figure 1 Classification of Tx/Rx Beamforming
Proposal 1: The following three types of beamformed Tx/Rx are considered for NR SS design:

· Omni-directional Tx/Rx
· Quasi omni-directional Tx/Rx
· Directional Tx/Rx 
3 NR SS Structure
NR supports the different application scenarios such as eMBB, mMTC and URLLC. Each application scenario may have the different requirements. In particular for mMTC, the deep coverage scenario (e.g. 164dB MCL) may need to be supported like NB-IoT. For eMBB, possible beam related operation (e.g. beam sweeping with narrow beam or wider beam operation) can be considered to compensate large pathloss in >6GHz carrier frequencies. 

Overall, we can strive for common NR SS design as much as possible. For instance, with occupying multiple OFDM symbols for NR SS (similar to NPSS/NSSS in NB-IoT) in a consecutive manner, it could provide the flexible design options while assuming antenna port assumptions – for instance, among the repetitive symbols, the same antenna port assumption (e.g. the same beam is applied) can be applied to allow coherent processing, or the different antenna port assumption (e.g. the different beams are applied) can be applied to perform non-coherent processing. As a baseline, in order to minimize UE complexity for NR SS detection, the same NR SS structure can be considered for the different application scenarios and different spectrum ranges.

Proposal 2: As a baseline, the same NR SS structure is assumed for the different application scenarios and different spectrum ranges.

In LTE, UE can assume the PSS/SSS existence all the time to acquire time/frequency synchronization in the given carrier frequency. Some exceptions are small cell on/off and LAA which are supported on SCell. The PSS/SSS may or may not be transmitted according to on/off or LBT operation. 

In NR, for various reasons, such on/off mechanism for NR PSS/SSS transmission can be considered in order for eNB to effectively control NR PSS/SSS overhead, NR PSS/SSS interference control, and so on. This approach can also guarantee the forward compatibility to the designs such as on/off and unlicensed design. The signal existence can be realized at UE by threshold detection or other means (e.g. if there is NR S-SCH (Secondary Synchronization Channel) based on FEC with CRC, the detection can be performed by checking CRC). On the other hand, given the NR PSS detection would be the most UE complexity centric, we can consider always ON transmission for NR PSS, at least for eMBB/URLLC, to possibly make UE implementation easier while NR SSS or other channels can be transmitted in an opportunistic manner. In case when NR PSS is always transmitted without on/off operation, the predetermined locations can be assumed for UE to safely accumulate multiple instances.

Proposal 3: The opportunistic NR SS transmission is supported at least on NR SSS for overhead/interference control, forward compatibility, and so on.

Figure 2 illustrates the proposed NR SS structure. A ‘SS burst series’ comprises one or multiple ‘SS bursts’. A ‘SS burst’ comprises one or multiple SS. The SS (e.g. each SS corresponds to each OFDM symbol) within the SS burst may be the same or different sequences. When it comes to NR SS on/off operation, eNB autonomous on/off operation can be based on each SS level within each SS burst or on each SS burst level within each SS bursts series. For NR PSS, a common NR PSS sequence can be defined from all TRPs/Cells which can offer SFN gain. The detection of opportunistic transmission can be realized at UE by threshold detection with sequence based design for NR SSS. As another option, the detection of opportunistic transmission can be realized at UE by CRC checking with payload based design. 
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Figure 2 Proposed NR SS structure
Figure 3 illustrates the various applications based on the proposed NR SS structure. Figure 3 (a) shows the example of Omni-Tx, e.g., for <6GHz spectrum. The different antenna assumptions between different SS bursts can be further assumed to offer PVS (Precoding Vector Switching) types of Tx diversity just like LTE. Figure 3 (b) shows the example of Quasi-Omni-Tx (or wider Tx beam), e.g., for >6GHz spectrum. The different beams are applied between SS bursts while the same beam is applied within SS burst. The regular beam patterns are applied between SS bursts series so that UE can perform the accumulations across the different SS bursts series. Figure 3 (c) shows the example of Directional-Tx (or narrower Tx beam), e.g. for >6GHz spectrum. The different beams are applied within SS bursts series. The regular beam patterns are applied between SS bursts series so that UE can perform the accumulations across the different SS burst series. Figure 3 (d) shows the example of opportunistic SS transmission where only the first SS is transmitted in each SS burst. Overall, these examples demonstrate full flexibility of NR SS design considering different applications/scenarios.
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(a) Omni-Tx – e.g. <6GHz
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(b) Quasi-Omni-Tx – e.g. >6GHz: Same beam within SS burst, different beams between SS bursts, Regular beam pattern between SS bursts series
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(c) Directional-Tx – e.g. >6GHz: different beams between SS within SS burst, different beams between SS bursts, Regular beam pattern between SS bursts series
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(d) Opportunistic SS transmission in SS level

Figure 3 Examples of different applications with the proposed common NR SS structure
Proposal 4: The following NR SS structure is considered as baseline as also shown in Figure 2:

· An ‘SS bursts series’ comprises one or multiple ‘SS burst’ with a periodicity
· A ‘SS burst’ comprises one or multiple ‘SS’ with a duration

4 Numerology for NR DL SS
Given NR adopts multiple numerologies (e.g. multiple subcarrier spacing such as 15kHz and its 2^m multiples: 3.75kHz, 7.5kHz, 30kHz, 60kHz, 120kHz, and so on) and if NR SS designs are different accordingly, UE would need multiple hypothesis tests to detect NR PSS/SSS, which significantly increases UE complexity and power consumption. We discuss three alternatives to support multiple numerologies based on the agreements in RAN1#86:

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Pros
· It may be able to optimize for overall scenarios – e.g. if the larger subcarrier spacing (e.g. 120kHz subcarrier spacing and potentially shorter CP length) is used, it is not proper for macro cell and/or lower carrier frequency. If the smallest subcarrier spacing (e.g. 15kHz subcarrier spacing and potentially longer CP length) is used, it is not proper for small cell and/or high carrier frequency.
· No concern on multiple hypothesis tests during initial access to find the carrier according to frequency raster
· Cons

· If UE needs to support multiple bands (e.g. one is lower band and the other is higher band), UE may need to implement different cell searchers accordingly.\

· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered
· Pros

· The gNB is able to flexibly select numerology for NR SS transmission depending on the circumstances.
· Cons

· UE may need multiple hypothesis tests to figure out which numerology is used from gNB.
· UE needs to implement different cell search engines to cover different numerologies for all frequency ranges.
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Pros

· UE needs to implement a single cell search engine for all frequency ranges.

· Cons

· The predefined numerology may not be optimal for all scenarios.

From the above discussions, it turns out Alt 2 requires additional UE complexity to figure out which numerology was used from gNB. Therefore, it deems to be excluded from the alternatives.

Alt 3 has the most benefit in terms of UE complexity as UE only needs to implement a single cell search engine. The only concern may be whether or not it can offer a sufficient performance in all scenarios; otherwise, Alt 1 is the remaining option that we may pursue. 

Therefore, it is suggested to further perform the simulations to narrow down the solution between Alt1 and Alt 3.

Proposal 5: RAN1 to further perform simulations to select the solution for multiple numerologies between Alt 1 and Alt 3, while excluding Alt 2.

5 Frequency Localization
In frequency domain, one of the simplest and clearest ways would be to fix the location of NR PSS/SSS/PBCH transmission in the central frequency location in the given carrier bandwidth. Alternatively, multiple frequency regions may be considered to send NR PSS/SSS and potentially NR PBCH/SIBx. If NR PSS can be located on the multiple frequency locations corresponding to frequency raster, during initial cell search, UE may detect NR PSS/SSS and consequently attempt to decode NR PBCH/SIBx. If NR PBCH/SIBx is not sent on the concerned frequency raster, UE may need to unnecessarily perform initial access unless the NR PSS/SSS is prohibited to send on the frequency raster. Therefore, it needs further discussion whether or not to have additional NR PSS/SSS other than the central frequency location of the carrier bandwidth.
It was briefly discussed to increase the value of the current LTE frequency raster (i.e. 100kHz) potentially to reduce hypothesis tests to find the central frequency of NR SS. If the central frequency of NR SS is coupled with that of NR carrier, it was claimed that the deployment may not have a good degree of freedom. To this end, one proposal during offline discussion was to decouple the central frequency of NR SS from that of NR carrier to offer the less hypothesis tests for NR SS but allegedly to keep the same level of degree of freedom for network deployment. It implies that NR SS can be located in any of place within the NR carrier bandwidth. 
It can be understood that increasing frequency raster of NR SS can potentially decrease the number of hypothesis tests during initial access. However, it is not clear how decoupling the central frequency of NR SS from that of NR carrier, which needs further evaluation. 
In intra-frequency measurement, with decoupling the central frequency of NR SS from that of NR carrier, if the NR SS frequency location of serving cell is different from that of neighbour cell, it could increase UE complexity during neighbour cell search since UE needs to retune the central frequency of NR SS for all different carriers. This issue will not be raised if all NR SS is located in the same frequency location in intra-frequency measurement. Therefore, at any of case, the NR SS location needs to be in the same frequency at least for intra-frequency measurement.

As further discussion in intra-frequency measurement, if the central frequency of NR SS is located other than that of NR carrier, UE may have the following option, with denoting F1 as the central frequency of NR carrier of serving cell and F2 as the central frequency of NR SS of neighbour cell:

· Case 1: UE retunes to the central frequency from F1 to F2 and then perform cell search with filtering NR SS.

· UE requires a time gap for such retuning which could incur the interruption of receiving data during this measurement.

· Case 2: UE keeps the central frequency with F1 and performs bandpass filtering for F2 concerning NR SS of neighbour cell to try to find NR SS of neighbour cell.

· The complexity of bandpass filter could be higher than that of low pass filter. Therefore, it is not clear of the benefit compared to alignment of central frequency between NR SS and NR carrier.

· Case 3: UE keeps the central frequency with F1 and performs neighbour cell search concerning the bandwidth of NR carrier of neighbour cell
· This implies the higher sampling rate (e.g. corresponding to 100MHz) than narrow bandwidth for NR SS. It can significant increase the complexity of matched filtering to detect NR PSS.

Given above, it is not deemed necessary to consider decoupling the central frequency of NR SS from that of NR carrier due to mainly UE complexity reason. On the other hand, we can further consider additional NR SS transmission other than in central frequency of NR carrier to potentially improve the detection performance of NR SS.
Proposal 6: NR PSS/SSS/PBCH is at least sent on the central frequency location of the carrier bandwidth. FFS for additional NR SS transmission on other frequencies.
6 NR SS Bandwidth
NR PSS could be the most dominant part of UE complexity with matched filter operation to get timing acquisition. If the bandwidth of NR PSS is large, the sampling rate also needs to be high – which means more complexity during matched filter operation for timing acquisition.
For NR SSS, the occupied bandwidth (corresponding to the sampling rate) may not be that critical as NR PSS since it does not imply the correlation operation. Rather, larger bandwidth will help to improve the detection performance than smaller bandwidth. 
Give those technical observation, as one example, NR PSS could have smaller bandwidth than NR SSS, where the complexity reduction can be expected in NR PSS detection (with smaller bandwidth) and the better performance can be anticipated in NR SSS detection (with larger bandwidth).
Proposal 7: RAN1 to further study the narrower bandwidth for NR PSS and the larger bandwidth for NR SSS.
7 Conclusions
In this contribution, we discussed the various aspects on NR DL synchronization signal design. Our proposals are summarized as below:
Proposal 1: The following three types of beamformed Tx/Rx are considered for NR SS design:

· Omni-directional Tx/Rx
· Quasi omni-directional Tx/Rx
· Directional Tx/Rx
Proposal 2: As a baseline, the same NR SS structure is assumed for the different application scenarios and different spectrum ranges.

Proposal 3: The opportunistic NR SS transmission is supported at least on NR SSS for overhead/interference control, forward compatibility, and so on.

Proposal 4: The following NR SS structure is considered as baseline as also shown in Figure 2:

· An ‘SS bursts series’ comprises one or multiple ‘SS burst’ with a periodicity
· A ‘SS burst’ comprises one or multiple ‘SS’ with a duration

Proposal 5: RAN1 to further perform simulations to select the solution for multiple numerologies between Alt 1 and Alt 3, while excluding Alt 2.

Proposal 6: NR PSS/SSS/PBCH is at least sent on the central frequency location of the carrier bandwidth. FFS for additional NR SS transmission on other frequencies.
Proposal 7: RAN1 to further study the narrower bandwidth for NR PSS and the larger bandwidth for NR SSS.
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