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1 Introduction

In RAN1#85 meeting, the following agreements were made to achieve forward compatibility in NR [1]:
Agreements:
· 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
Agreements:
· 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

Considering future services beyond NR specification may have different numerologies from vertical services that are currently being considered in NR specification, multiplexing of different numerologies in a same carrier is a factor to achieve forward compatibility. Also, as in LTE, synchronization signal(s) are needed in NR for initial access and for neighboring cell search operations. In other words, it is expected that synchronization signals will be used not only to acquire time/frequency synchronization but also to support multi-beam operations during the initial access stage. Furthermore, synchronization signals could play a role in cell search operations where UEs would need to measure the quality of neighboring cells for mobility purposes.
This contribution discusses two issues as listed below considering possible specification and implementation impacts as well as forward compatibility aspects:

· Whether multiple time/frequency portions using different numerologies can share same synchronization signal(s)

· Whether flexible resources can be utilized for synchronization signal transmission
2 Shared vs. separate transmission for synchronization signal based on numerology usage
In NR, multiple numerologies (e.g., scaled subcarrier spacing and/or CP lengths) can be applied for transmissions of each physical channels and signals to support various vertical services or deployment scenarios (e.g., carrier frequency, cell size, Doppler spread, etc.). As the first step for a UE to have a connection with a cell, transmission of synchronization signals considering a support of multiple numerologies needs to be discussed. Two different approaches can be considered for transmission of synchronization signals when different numerologies for diverse verticals are multiplexed in a NR carrier as below:
· Approach 1: Shared synchronization signal for multiple numerologies
· Approach 2: Multiple/separate synchronization signals for each numerology
Approach 1 is to transmit a synchronization signal with only one numerology when multiple numerologies are supported in a NR carrier. In this approach, a UE may detect synchronization signal with a certain numerology to achieve synchronization while receiving DL data supported by other numerology.
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Figure 1: An example of shared synchronization signal for multiple numerologies.
Figure 1 shows an example of approach 1. In Figure 1, it is assumed that each subband uses different numerologies. In approach 1, two alternatives can be considered as discussed in our companion contribution [2]. The first alternative is to define default numerology for a given carrier frequency range and the other alternative is that a numerology for synchronization signal is determined by an eNB. In the first alternative, there is no uncertainty between a UE and an eNB about synchronization signal with which numerology will be transmitted for initial access. Thus, the UE can perform synchronization process without any blind detection on synchronization signal transmission. It is beneficial in terms of UE complexity and synchronization detection performance. On the other hand, in the second alternative, the UE cannot avoid blind detection about a numerology for synchronization signal since the UE does not know the eNB’s choice of the numerology for synchronization signal.

In addition, regardless of which alternative is used for approach 1, the pros of this approach is that the eNB can minimize the overhead required for synchronization signal transmission. Also, from forward compatibility perspective, resource allocation for synchronization signal transmission can be minimized. Then, it allows more resources that can be reserved for forward compatibility when necessary.

Approach 2 is to transmit multiple/separate synchronization signals with each numerology when multiple numerologies are supported in a NR carrier. In this approach, a UE may detect synchronization signal with a certain numerology to achieve synchronization and also, receive DL data supported by the same numerology.
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Figure 2: An example of multiple/separate synchronization signals for multiple numerologies.
Figure 2 shows an example of approach 2. In Figure 2, it is assumed that all subbands have different numerologies. In approach 2, multiple synchronization signals can be transmitted depending on the number of numerologies supported in a NR carrier. A main benefit in this approach is that a UE is not required to do blind detection on a numerology and then the UE can finish synchronization and cell search just with the numerology that it supports. Consequently, it has a benefit in terms of UE complexity and synchronization detection performance. However, in terms of forward compatibility, more wireless resources to transmit multiple synchronization signals need to be allocated and thus, it has a disadvantage in terms of securing resources for forward compatibility as much as possible.
Based on the discussion on each approach, comparison of approach 1 and 2 for multiple numerologies are summarized in Table 1.

Table 1. Comparison of approach 1 and 2 for multiple numerologies.
	
	UE Blind Detection
	Detection Performance
	eNB Flexibility
	Forward Compatibility

	Shared sync.
	Default numerology
	Not necessary
	Good
	Bad
	Good

	
	Numerology selected by eNB
	Necessary
	Bad
	Good
	Good

	Separate sync.
	Not necessary
	Good
	Bad
	Bad


Proposal 1: Shared or multiple/separate synchronization signal(s) for multiple numerologies should be decided considering UE complexity, detection performance and eNB flexibility as well as forward compatibility.

3 Flexible resource for synchronization signal transmission

In LTE, synchronization signal is transmitted on the center 6 RBs regardless of system bandwidth. During initial access, since a UE does not know where the carrier frequency is located, the UE needs to scan synchronization signal across the frequency raster (e.g. the 100 kHz raster). In addition, in LTE, RSRP measurements for a serving cell as well as neighboring cells are performed utilizing CRS within center 6 RBs of system bandwidth. Once a detection of synchronization signal is finished during initial cell search, RSRP measurements for adjacent cells can be performed assuming the same frequency position is used for the transmission of synchronization signals from the adjacent cells.
On the other hand, in NR, flexible locations for synchronization signal transmission might be considered to provide more flexibility in terms of data scheduling and forward compatibility. When allowing flexible locations in time or frequency domain, issues in UE complexity and detection performance are discussed.
First, if flexible frequency resources are allowed for synchronization signal transmission in NR, then a UE has to perform initial access via scanning of synchronization signal across frequency raster similar to in LTE. Consequently, in terms of detection complexity of the UE, similar level of detection complexity as in LTE would be expected. However, regarding RSRP measurements for neighboring cells, the UE cannot know the frequency resources for synchronization signals from neighboring cells. Thus, if RSs for neighboring cell measurement in NR are located depending on synchronization signal positions from neighboring cells as in LTE, the UE has to try to detect synchronization signals from neighboring cells again rather than assuming the same frequency resource for synchronization signals. This may lead additional UE complexity compared to cell search burden in LTE.
If flexible time resources are allowed for synchronization signal transmission in NR, more impacts in terms of performance and UE complexity would be expected compared to flexible frequency domain. For example, if time periodicity for synchronization signal transmission is changed, then a UE cannot perform combining of synchronization signals transmitted in multiple subframes. It may affect detection reliability which is deeply related to a coverage of the UE and latency for initial access. Also, it may lead additional UE complexity for synchronization signal detection or RSRP measurement for neighboring cells. 
Proposal 2: Synchronization signal transmission on flexible resources in NR should be carefully decided considering UE complexity and detection performance compared to LTE.
4 Conclusions 

This contribution discusses two aspects about synchronization signal transmission considering forward compatibility and proposes the following depending on the discussion:
Proposal 1: Shared or multiple/separate synchronization signal(s) for multiple numerologies should be decided considering UE complexity, detection performance and eNB flexibility as well as forward compatibility.
Proposal 2: Synchronization signal transmission on flexible resources in NR should be carefully decided considering UE complexity and detection performance compared to LTE.
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