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Introduction
In RAN1#84bis meeting [1], the following agreements were made.
Agreements:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource
In LTE, coarse time/frequency synchronization is provided by PSS and SSS. PSS/SSS are transmitted with a period of 5 subframes as always-on signals. We consider how to minimize always-on signals from the perspective of synchronization signals.
In addition, the following agreements were made in RAN1 #85 meeting [2].
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
In this contribution, we discuss the aspect of downlink and uplink synchronization for NR.

Discussion
Downlink synchronization
Figure 1 shows four methods to transmit a signal for coarse time/frequency synchronization. These methods are discussed below:
(a) Period transmission. The first method is periodic transmission such as Rel-8 LTE PSS/SSS or Rel-12 DRS. In this method, it is easy to maintain downlink synchronization since the signal is transmitted periodically. Moreover, this method has the advantage of low UE complexity and power consumption because the transmitted resource is fixed. On the other hand, this structure impacts forward compatibility because it is difficult to remove the synchronization resource in the future once a fixed periodic resource is located in an earlier release. Moreover, since even eNodeB in off state has to transmit these signal, eNodeB’s transmit power is wasteful.
(b) Periodic Resource with time / frequency shifting. The second method is periodic transmission with time and/or frequency resource shifting. In the time domain, the signal could be allowed to shift time resource over a periodic time window, which is similar to the method used with Rel-13 LAA DRS. Also in frequency domain, the signal may be allowed to shift in frequency resource within a set of multiple frequency resources if it is not necessary to locate the signal in the centre of the NR carrier. This method provides more flexibility than the first method. However, it causes higher UE complexity compared with the first method since the number of attempts to search for the synchronisation the signal is increased. 
(c) On-demand. The third method is on-demand transmission triggered by an uplink request. Firstly, a UE that wants to perform downlink synchronization sends a request towards the eNodeB by uplink transmission. Next, the eNodeB transmits downlink channels including synchronization signal when the eNodeB has a chance to transmit downlink. Then, the UE, and other UEs that sent uplink transmissions at a similar time, perform downlink synchronization by using the downlink synchronization signal. Since this method can use resources flexibly, it is good in terms of forward compatibility. In addition, it reduces eNodeB power consumption when the eNodeB is in an off state because the eNodeB in the off state doesn’t need to transmit a synchronization signal until it receives the uplink request. On the other hand, it suffers from increased UE power consumption especially when the UE is covered by a macro NR cell since uplink transmission is needed as a trigger to transit the eNodeB from the off state to the on state. 
(d) Preamble-based. The fourth method is a preamble-based transmission, as used in Wi-Fi systems. In this method, the UE tries to detect the downlink transmission and performs synchronization at the beginning of the downlink transmission. This method also has the similar advantages to on-demand. One of the drawbacks for this method is higher UE complexity because the UE has to attempt detection of the synchronization signal in every time resource. The synchronization signal overhead is [image: ]increased if it is replicated for downlink transmission to each UE.
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Table 1. Comparison with transmission methods of synchronization signal
	
	Pros
	Cons

	(a) Periodic transmission
	· Low UE complexity/power consumption
· It is easy to maintain synchronization
	· Impact on forward compatibility
· eNodeB’s transmit power is wasteful when there are no active UEs.

	(b) Periodic resource with time and/or frequency resource shifting
	· Resource is more flexibly utilized
· It can be easy to maintain synchronization
	· The number of detection attempts of the synchronization signal is increased.
· eNodeB’s transmit power is wasteful when there are no active UEs.

	(c) On-demand 
	· Resource is fully flexibly utilized in time domain
· Low eNodeB power consumption when there are no UEs camped on the cell
	· Increased UE power consumption due to uplink transmission
· UE needs the information related to uplink transmission

	(d) Preamble-based 
	· Resource is fully flexibly utilized in time domain
· Low eNodeB power consumption when there are no UEs camped on the cell
	· UE must search for the sync signals in every time resource
· High synchronization signal overhead in massive connected UE scenario.



  The best synchronisation transmission method depends on the use case and deployment. For example, in the case that an NR-cell operates over a macro area and the NR-eNodeB accommodates a massive number of UEs, periodic transmission is more suitable because the signal can be shared among all UEs connected with the NR-eNodeB. On the other hand, in the case that there is only one UE because the NR-cells are small or tightly beamformed, on-demand or preamble-based transmission of DL synchronization signals is better than periodic transmission of synchronization signal from the perspective of resource usage and eNodeB power consumption.
Observation 1: Periodic synchronization signal is more suitable for the case that there are a lot of UEs, while on-demand or preamble-based synchronization signals are more suitable for the case that there are few UEs in the cell.

In the NR study item, both non-stand-alone and stand-alone cases are considered. For non-stand-alone NR, even if the synchronization signal is transmitted periodically, the network could configure the DL resource of the synchronization signal since a UE can get assistance information including the configuration of synchronization signal transmission from the assisting cell. Allowing the NR synchronisation signal to be configurable provides the flexibility to facilitate forwards compatibility and to efficiently utilize the radio resource. In addition, it would also be possible for the non-standalone NR carrier to be synchronized to its assisting cell: in this case, there is no requirement for synchronisation signals on the non-standalone NR carrier. Therefore, non-stand-alone NR doesn’t need to introduce preconfigured resources for downlink synchronization signals.
Proposal 1: For non-stand-alone NR, the network can configure the resources of a downlink synchronization signal flexibly, including configuring no synchronisation signals in the NR carrier.

Stand-alone NR must have the functionality of initial access. When a UE initially accesses to a stand-alone NR-eNodeB, the UE has to acquire system information, which includes necessary information for initial access, from the stand-alone NR-eNodeB without assistance information. To get the system information, the UE needs to synchronize in the downlink with the NR-eNodeB. Regarding on-demand synchronization signal transmission, the UE cannot know where and how it can transmit its uplink signal before it has received downlink synchronization. Only preamble-based transmission is not enough because it cannot guarantee a stable connection in the case of high mobility. Therefore, periodic synchronisation signals either with or without time and/or frequency resource shifting is needed for stand-alone NR at least when UEs access initially. 
Proposal 2: Stand-alone NR needs periodic synchronization signals with or without shifting of time and/or frequency resource at least for the purpose of initial access.

Uplink synchronization
In LTE, the network controls the uplink transmission timing of each UE by using timing advance. The initial value of timing advance is calculated based on the UE’s PRACH. The UE needs to perform a random access procedure before PUSCH is transmitted, if the UE is not synchronised with the network. Especially, when the UE initially connects a cell or the UE moves a neighbour cell, the UE transmits PRACH to synchronize with the new cell in uplink. PRACH transmission causes a latency bottleneck in the uplink transmission process. Therefore, in NR, an asynchronous UL transmission scheme should be considered in addition to a synchronous UL transmission scheme. Such an asynchronous transmission scheme is useful for URLLC where latency is a concern and may also be useful for low latency communication in high mobility situations such as V2X. It is also useful for mMTC where UL power consumption and resource utilisation associated with PRACH are concerns.
Proposal 3: Asynchronous uplink transmission scheme should be considered in addition to synchronous uplink transmission scheme.

Conclusion
In this contribution, we considered the aspect of downlink and uplink synchronization for NR and proposed as follows:
Observation 1: Periodic synchronization signal is more suitable for the case that there are a lot of UEs, while on-demand or preamble-based synchronization signals are more suitable for the case that there are few UEs on the cell.
Proposal 1: For non-stand-alone NR, the network can configure the resources of a downlink synchronization signal flexibly, including configuring no synchronisation signals in the NR carrier.
Proposal 2: Stand-alone NR needs periodic synchronization signals with or without shifting of time and/or frequency resource at least for the purpose of initial access.
Proposal 3: Asynchronous uplink transmission scheme should be considered in addition to synchronous uplink transmission scheme.
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