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Introduction
In this contribution we give an overview of the design of initial access and mobility for NR.
Initial access
Finding the network
As a first step, the device needs to find the network. This is, in general done, by searching for some signal, here referred to as the Synchronization Signal transmitted by the network
It should be noted that the synchronization signal does not need to be transmitted by all carrier frequencies or by all nodes in the network. If no synchronization signal is transmitted on a certain frequency or from a certain network node, this just means that the node/frequency will not be detectable as part of the initial access.
Furthermore, although we above talk about synchronization signal transmitted from a certain node, a single synchronization signal could be transmitted from multiple physical nodes or multiple synchronization signals could be transmitted from the same physical node. 
· Identical synchronization signals could be transmitted by means of SFN (“Single Frequency Network”) from multiple time-synchronized/aligned physical nodes. From a UE point-of-view, the acquired synchronization signal will appear exactly as if it was transmitted from a single physical node. 
· Multiple synchronization signals could be transmitted in different beams from the same physical node. From a device point-of-view, these synchronization signal will appear exactly as if they were transmitted from different nodes.
Proposal 1: The initial time synchronization is provided by the synchronization signal where identical synchronization signal can be transmitted by multiple transmission points.
Acquiring essential system information
After a device has detected the network, but before it can access the system, it needs to acquire certain essential system information. More specifically, the device needs to acquire the system information needed to carry out the random-access procedure by which it can gain access to the system. As the device has, at this stage, not yet accessed the system, this essential system information needs to be provided using broadcast. Note that this essential system information may only be a small fraction of the total amount of system information that the device eventually needs. The remaining system information can be provided to the UE once it has accessed the system in several ways, including by means of dedicated signaling, but this discussion can be left to RAN2. 
As, at this stage, the only thing the device knows about the system is the synchronization signal it has acquired, the acquired synchronization signal needs to provide sufficient information about the time/frequency location of the system information whereas agreed in RAN1#85, the essential system information should be decodable based on an identity parameter used for generation of synchronization signal. 
The synchronization signal and the essential system information needed to carry out a random access should be the only “always-on” signals in the network in the sense that these are the only signals that must be transmitted regardless of if there is any device in range or not. 
At RAN1#84bis it was agreed that the transmission of always-on signals should be minimized. As mentioned above, the synchronization signals for initial access will be always on, but in order to limit impact on forward compatibility and energy consumption the synchronization signal period in NRF should be significantly larger than the periodicity of PSS/SSS in LTE. Rather, a periodicity of 100 ms should be targeted, similar to the periodicity of discovery reference signals introduced in LTE Rel-12. The increased periodicity will mean that the UE needs to search longer on each frequency, but by reducing the number of frequencies the UE has to search, the total complexity and search times can be kept the same. It should also be noted that the case where the UE performs initial access without any prior knowledge of available carriers is rare.
Proposal 2: Target 100 ms periodicity for the synchronization signal and system information to limit the always-on signals for forward compatibility and lower energy consumption.

Random access
Once the system information has been acquired, the device initiates a random-access procedure by transmitting a random-access request. At this stage, the only timing reference available for the device is the timing of the synchronization signal. Thus the timing of transmission resources for random-access requests (provided as part of the essential system information) should be relative to the receive timing of the acquired synchronization signal. The same is true for the transmit power of the random-access request. The only power reference available to the device at this stage is the power of the acquired synchronization signal and the transmit power of the random-access request should be relative to the receive power of the acquired synchronization signal:
In most cases, the random-access request will be detected by the node corresponding to the acquired synchronization signal. However, this may not necessarily always be the case. One could envision the presence of “silent nodes” (nodes not transmitting any synchronization signal) that may still be “listening” for, and responding to, random-access requests.
Upon the detection of a random-access request, the network will respond with a random-access response. The random-access response should be transmitted from the same node as the node detecting the random-access request (or some other node tightly coordinated with the node detecting the random-access request).  As the random-access request could be detected by a different node than the synchronization signal node transmitting the acquired synchronization signal, the received timing of the random-access request may be different from that timing of the acquired synchronization signal.
As a consequence, the device should search for the random-access response in a time-domain window given relative to the transmit timing of the random-access request. The random-access response should also be self-contained in terms of synchronization, i.e. the device cannot assume that it can use the synchronization signal as accurate synchronization reference for the reception of the random-access response.  
As part of the random-access response, devices can be configured with additional (synchronization/reference) signals that can be used to support for example mobility.
The random access procedure and signals are further discussed in [1][2][3].
Mobility
Idle mode mobility
We propose that the synchronization signals used for initial access are also used for idle-mode-mobility measurements. As mentioned above, the synchronization signal may not be transmitted from every node of the system, not on every frequency. Using synchronization signal for idle-mode mobility measurements simply means that 
· Idle-mode devices should not camp on carrier frequencies not transmitting synchronization signal
· Idle-mode mobility will only take place between nodes that are transmitting synchronization signal

Proposal 3: Idle-mode mobility measurements are based on the synchronization signals used for initial access.
Further details on idle mode operation are discussed in [4].
Connected mode mobility
To provide a flexible and future-proof design and to enable efficient use of massive beam-forming, connected mode mobility should be separated from idle-mode mobility and initial access in the sense that devices in connected mode mobility should not rely on the synchronization signal. Connected mode mobility will, in the general case, not take place between different physical nodes but between beams of different physical nodes. Thus, connected mode mobility requires reference signals on a beam basis, here referred to a Mobility Reference Signals (MRS).
The Mobility Reference signals should not be fundamentally “always-on” signals, i.e. it should be possible to configure MRS on a per-need basis. 
A device in connected mode provides mobility reports based on the quality of received MRS. Based on these mobility reports, the network can make handover decisions for the device.
An acquired MRS may also serve as a synchronization reference for the reception of data transmissions.
Proposal 4: Connected mode mobility measurements are based on specific reference signal unrelated to the synchronization signals used for initial access and idle mode mobility.
Proposal 5: The reference signals for connected mode mobility can be configured that can be configured on a per-need basis
Further details on connected mode operation are discussed in [5].
Conclusion
In this contribution we discussed initial access and mobility and make the following proposals:
Proposal 1: The initial time synchronization is provided by the Synchronization Signal(synchronization signal) where identical synchronization signal can be transmitted by multiple transmission points.
Proposal 2: Target 100 ms periodicity for the synchronization signal and system information to limit the always-on signals for forward compatibility and lower energy consumption.
Proposal 3: Idle-mode mobility measurements are based on the synchronization signals used for initial access.
Proposal 4: Connected mode mobility measurements are based on specific reference signal unrelated to the synchronization signals used for initial access and idle mode mobility.
Proposal 5: The reference signals for connected mode mobility can be configured that can be configured on a per-need basis
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