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1. Introduction

In RAN1 #85 [1], the following agreement was made:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal
Furthermore, the following agreement was made in RAN1 #86 [2]:
· 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
The above agreements show that a NR carrier can support multiple numerologies and further study is needed on the possibility to share a synchronization signal for multiple numerologies and so far, this results in several alternatives. In this contribution, we provide our view on the downlink synchronization, particularly on the sub-carrier spacing of the synchronization signal where multiple numerologies (i.e. sub-carrier spacing) are deployed in the new radio system.
2. Discussion
Three alternatives for subcarrier spacing of synchronization signals were identified during RAN1 #86 as shown above. We consider that each alternative has advantages and disadvantages. The main advantage of Alt #1 is that the SS uses a sub-carrier spacing that could be optimized for a given frequency band. In Alt #3, the SS may not use an optimized sub-carrier spacing. The main advantage of Alt.3 is the same set of SS generator at the BS and UE receiver synchronisation algorithm can be used in all carrier frequency options. Both in Alt 1 and Alt 3, the sub-carrier spacing of the SS is pre-configured and the UE knows it. Thus, the synchronization process at the UE can be quicker and it can start immediately with the designated sub-carrier spacing. However, in both Alt 1 and Alt 3, the BS and UE must support the sub-carrier spacing carrying SS potentially in addition to a different sub-carrier spacing for the data transmission. This creates inflexibility at the BS side, since the BS is mandated to allocate a transmission with a dedicated sub-carrier spacing for synchronization purposes.
Observation 1: The main disadvantage of Alt #1 and Alt #3 is less flexibility for the synchronization signal (SS), since it mandates that SS with a specific sub-carrier spacing must be deployed in all BSs.

In Alt #2, the main advantage is flexibility at the BS to assign the sub-carrier spacing for SS. The BS is not necessarily to use a specific sub-carrier spacing dedicatedly for SS purpose. The BS can therefore fully optimize the resources with the set of numerologies particularly for data transmission to support various use-cases/scenarios (e.g. eMBB, URLCC, and mMTC). However, with this alternative the sub-carrier spacing of the SS must be identified at the UE side as part of the UE synchronization process. A blind detection at the UE is an option to detect the SS sub-carrier spacing with the price of increasing UE complexity and synchronization latency. However, with pre-defined rules for the sub-carrier spacing for SS, we consider this could simplify the synchronization task at the UE, and therefore Alt #2 could be a good compromise in comparison to the non-flexible Alt #1 and #3. In the following section, these aspects will be further described. 

Observation 2: Alt #2 combined with pre-defined rules for selection of the sub-carrier spacing for the SS could allow for flexibility at BS side while maintaining quick synchronization process at UE.

2.1 Synchronization Signal with Flexible Subcarrier Spacing Configuration
An illustration of a system with multiple numerologies (i.e. sub-carrier spacing) is shown in Figure 1. A BS can transmit an NR signal with multiple numerologies. A transmission with a specific Fs carrier spacing can occupy certain BW total transmission bandwidth. Note: Here some assumptions have been made such as OFDM symbols of all numerologies are time aligned. The sub-carrier spacing selection is typically based on:

· The use-cases/scenarios. For example: URLLC transmission prefers to have a short OFDM symbol duration and thus, a wider sub-carrier spacing is preferred.

· The cell deployment. For example: an OFDM based transmission for macro cell requires a large CP length, and   thus a narrower sub-carrier spacing is preferred.
· The frequency of operation. For example: a mmWave transmission is quite sensitive to phase noise in the RF front-end, and thus a wider sub-carrier spacing is preferred.
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Figure 1: A system with multiple numerologies

We consider one of the typical NR deployments is a dense populated area where many BSs are deployed. These BSs are deployed to serve various use-cases and scenarios. Each BS can be configured to serve selected use-cases/scenarios and accordingly, it can transmit signal with several / selected numerologies. In Figure 2, it is illustrated several BSs transmit with various numerologies. In this example, BS1 transmits with numerologies Fs1, Fs3, and Fs5 and BS4 only transmits with numerology Fs5.
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Figure 2: BSs with various configuration of numerologies.

The selection of sub-carrier spacing for SS should be based on the selected sub-carrier spacing configuration that has been configured for the system, e.g. selected to be optimized for some use-cases/scenarios. Therefore, a flexibility in assigning the SS sub-carrier spacing is needed. Assigning SS in all utilized sub-carrier spacings is not a suitable option as it increases overhead. Also, as discussed above with respect to Alt #1 and Alt #3, mandating a fixed sub-carrier spacing for SS while there is no data transmission using that sub-carrier spacing configuration can waste transmission resources. A flexibility in assigning the SS is illustrated in Figure 2. For example, BS#1 can only assign the SS in Fs1, Fs3, or Fs5. BS#4 can only assign the SS in Fs5.
Proposal 1: Support the NR system with a flexibility for NR BS to select a suitable sub-carrier spacing for the synchronization signal.
NR is targeted to be deployed in a wide range of carrier frequencies, such as from sub 1 GHz to around 80 GHz. The operating frequencies can be grouped into several sets of carrier frequencies. For example: less than 6 GHz, 6 GHz – X1 GHz, X1 – X2 GHz, and above 60 GHz. We consider some sub-carrier spacings may not be suitable for a given set of carrier frequencies. For example, above 60 GHz, it could be very challenging to deploy a transmission with a narrow sub-carrier spacing. In this case, some of the narrow sub-carrier spacings may not be available for transmissions with carrier frequency above 60 GHz.
Proposal 2: There should be a mapping between the used frequency band and a set of possible sub-carrier spacings that are allowed to be used for the synchronization signal.
In order to minimize the UE effort to locate the SS, a prioritization method of sub-carrier spacings for the SS can be defined. For example, in the carrier frequency range of less than 6 GHz, many possible sub-carrier spacings can be used. The prioritization can be defined based on some pre-defined rules, for example in the order of sub-carrier spacings. The BSs as shown in Figure 2 could with such prioritization method have the following configuration:

· BS #1 has SS in Fs1

· BS #2 has SS in Fs1

· BS #3 has SS in Fs3
· BS #4 has SS in Fs5

Proposal 3: In order to minimize the UE effort to locate the SS, a set of prioritizations of sub-carrier spacing for the SS can be defined.

The prioritization method can also consider a default sub-carrier spacing as the sub-carrier spacing with the highest priority. A system which is targeted for a low cost UE and massive UE deployment (i.e. mMTC) can consider the usage of a default sub-carrier spacing for the SS. 
Another effort to simplify the UE synchronization task is the starting time of synchronization signal from multiple BSs must be aligned even if the BSs use different numerologies for the synchronization signal, meaning that the NR system could be relatively well synchronized between BSs. This is illustrated in Figure 3 below. Here, there are two BSs, BS X and Y. Both are operated using two different sets of numerologies. The SS of BS X uses the wider sub-carrier spacing and the starting time is aligned with the SS of BS Y. The length/duration (M) of synchronization signal is for further studies.
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Figure 3: Illustration of starting time alignment of SS signals from different BSs.
Proposal 4: The starting time of synchronization signal from multiple BSs must be aligned.

After the transmission of synchronization signal, we consider it is followed by control information such as a master information block (MIB) and it can also be followed by system information block (SIB). We propose that at least the MIB transmission is assigned with the same sub-carrier spacing as the SS signal. The transmission of multiple numerologies can be multiplexed in either both frequency and/or time multiplexing [3]. Regarding the synchronization signals and MIB transmission, our preference is that both are transmitted in the same frequency allocation and there is no transmission with other numerologies in that frequency allocation.
Regarding the UE synchronization process, it can be assumed a NR UE may have a larger processing capability than the existing legacy LTE UE, particularly UE:s for certain NR services such as eMBB. It means higher UE complexity for the synchronization process compared to LTE can be acceptable for UEs supporting some use-cases/scenarios.  

There can be many possible options at the UE side for processing the synchronization signal:
· Some UE can start the synchronization with the default sub-carrier spacing or the sub-carrier spacing with highest priority for a specific frequency band. For example: a mMTC UE can consider the default sub-carrier spacing for the synchronization signal.
· Parallel synchronization process at the UE to support synchronization with more than one sub-carrier spacing configuration.
· UE detects the sub-carrier spacings configuration and then start the synchronization process based on the prioritize sub-carrier spacing for that frequency band.
We consider the above possible options are implementation specific and it is up to the UE vendors to identify the best possible option for their UE. For example, a high-end UE can have an advanced receiver algorithm. 
3. Conclusion 
In this contribution we discussed our view on the downlink synchronization, particularly on the sub-carrier spacing of synchronization signal where multiple numerologies (i.e. sub-carrier spacing) are deployed. We made the following observation and proposals:

Observation 1: The main disadvantage of Alt #1 and Alt #3 is less flexibility for the synchronization signal (SS) , since it mandates that a specific sub-carrier spacing carrying SS must be deployed in all BSs.
Observation 2: Alt #2 combined with pre-defined rules for selection of the sub-carrier spacing for the SS could allow for flexibility at BS side while maintaining quick synchronization process at UE.
Proposal 1: Support the NR system with a flexibility for NR BS to select a suitable sub-carrier spacing for the synchronization signal.
Proposal 2: There should be a mapping between the used frequency band and a set of possible sub-carrier spacings that are allowed to be used for the synchronization signal.
Proposal 3: In order to minimize the UE effort to locate the SS, a set of prioritizations of sub-carrier spacing for the SS can be defined.

Proposal 4: The starting time of synchronization signal from multiple BSs must be aligned.
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