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1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The NR shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II).
In this contribution, basic principles for initial access and mobility are discussed for NR. Focus is on physical layer aspects, i.e. required signals and channels, as well as on procedures. 
2
Discussion
2.1
Initial access
Initial access refers to procedures between UE is switched on and before UE is able to transmit UE specific signalling and data. The main steps are cell search and synchronization, cell selection, reception of system information and random access procedure. It’s assumed that a cell may comprise one or multiple transmission points (TRPs). 
Signals for initial search and synchronization
Periodic downlink synchronization signal(s) for initial cell search and synchronization are needed. Synchronization includes symbol, subframe and frame timing acquisition, carrier frequency synchronization and sampling clock synchronization. 5 ms periodicity as in LTE is considered as a good starting point.  
Initial search at UE should be transparent to whether a cell operates using a single-beam or multi-beam approach. In other words, structure and numerology should be the same for search signal in single-beam and multi-beam operating mode. 
Proposal 1: Periodic synchronization signal(s) are needed for initial search and synchronization. 

Proposal 2: Signal structure used for initial search signal should be common both in single-beam and multi-beam operation. 

As agreed in RAN1#85, multiple numerologies may be multiplexed within an NR carrier. To simplify the design, it’s considered that physical signals and channels in initial access use a default numerology. Default numerology may be fixed per frequency band. For instance there could be a default numerology for below 6 GHz and default numerology defined for 6-40 GHz carrier frequency range.
Proposal 3: Default numerology is used for synchronization signals (defined per carrier frequency band).

When deploying higher carrier frequencies, arrays are correspondingly larger in terms of number of antenna elements. As a consequence, RF beams are more narrow. Thus, the number of beams per cell may vary depending on deployment scenario and carrier frequency. There can be tens to hundreds of beams per cell which needs to uniquely identifiable by the UEs for beam management and mobility purposes. 
Observation 1: Tens to hundreds of beams per cell which needs to be uniquely identifiable by the UEs.

UE operating in a dense network, it may be in situation where it can see several TRPs having tens to hundreds of beams. Thus, in order to reduce complexity of the beam search, hierarchical beam identification structure is needed. That would basically mean identifiying a cell in the first step and then beams of the detected cell(s) in the second step. 

Observation 2: Hierarchical beam identification structure is needed.
To detect and measure beams of the TRPs the UE needs to get synchronized with the TRPs transmitting beam reference signals. Thus, TRP or TRPs belonging to the same cell is/are assumed to transmit a same synchronization signal. Thus, it’s logical that synchronization signal provides ID that is used as an input to derive beam reference signals for the detected cell. 
Observation 3: Synchronization signal needed for beam synchronization.

Observation 4: Synchronization signal can convey ID that is used as basis to derive beam reference signals for the cell.
Delivery of essential system information for initial access
Physical broadcast channel transmitting essential system information needs to be defined, at least in standalone operation. It should support both single-beam and multi-beam operation i.e. beam sweeping with configurable number of parallel and total number of beams allowing different BS configurations and implementations. UE detecting synchronization signal(s) should be able to detect and receive PBCH based on identity derived from detected synch signal(s). In multi-beam operation transmission duration to one beam direction should be minimized. That applies for PBCH as well as for synchronization signal(s). 
Proposal 4: Physical broadcast channel needs to be defined to deliver essential system information.

Proposal 5: PBCH should support both single-beam and multi-beam operation. 
Random access procedure
Single-beam and multi-beam based random access procedures should be supported. LTE based approach is seen as a feasible starting point for single-beam based operation. In multi-beam operation, beam sweeping is performed at BS side to receive PRACH preambles. Association between PRACH preambles and BS beams may be needed to enable UE to transmit PRACH preamble when the BS is applying a strong RX beam towards the UE. For that periodical beam reference signal (BRS) transmissions are needed which may be transmitted along with synch and PBCH transmissions. BRS are used for beam detection and tracking, mobility, as well.
Signals and channels in random access procedure are considered to use default numerology (defined per band), i.e. the same as for synch signals. It’s assumed that non-default numerology would be configured to the UE via dedicated higher layer signaling after successful initial access and random access procedure. 

Proposal 6: Random access procedure should support both single-beam and multi-beam operation.

Proposal 7: Default numerology applied for the signals and channels in random access procedure. 
2.2
Mobility

It’s considered that NR introduces a beam level mobility along side with the traditional cell level mobility. In beam level mobility there can be at least the following cases:

· Serving BS beam changes within the same TRP

· Serving BS beam changes between two TRPs of the same cell

· Serving BS beam changes between two TRPs of different cells
Serving beam change/switch among TRPs of the same cell is considered to be (within cell) beam management whereas serving beam change/switch involving cell change is considered to be (cell level) mobility. 
About cell level mobility, “Idle” mode mobility is considered to be based on downlink reference signals whereas in “connected mode” both downlink and uplink based mobility are seen worth of study. 
DL based mobility
Beam reference signals (BRS) to be introduced for beam detection, tracking and measurements are seen as basis for DL based mobility. To provide energy efficient scheme it’s considered that synchronization signals, beam reference signals and PBCH form a discovery signal which has a certain transmission periodicity (e.g. 5 ms). The discovery signal would be the only signal the BS is transmitting when there are no active UEs.

Proposal 8: Periodical downlink beam reference signals are basis for downlink based mobility.

Proposal 9: Define a periodical discovery signal comprising synchronization signal(s), beam reference signals and physical broadcast channel transmitted by a cell. 
Further, it’s important that UE is able to distinguish beams belonging to (TRPs of) different cells. That is because measurement reporting conditions can be different among beams inside the same TRP/cell compared to inter TRP/cell since mobility action can be significantly different – intra-cell beam switch may be L1/L2 procedure whereas inter-cell beam switch may be L3 procedure. 
Observation 5: Measurement reporting conditions are likely different for intra-cell and inter-cell (beam) mobility. The UE needs to be able to distinguish beams belonging to different cells.
UL based mobility
In UL based mobility the network would be able to determine a good TRP for the UE based on received UL signal from the UE. However, that doesn’t provide interference conditions at the UE. To determine the interference conditions at the UE, downlink signal based measurements are needed. Thus, UL signal may act as a trigger for downlink measurement in mobility procedures. 
It’s considered that UL based mobility could be more feasible at lower carrier frequencies. That is because at higher carrier frequencies UE may be using hybrid architecture requiring downlink reference signal (e.g. periodic beam reference signals) anyway to train its RX and TX beams. And, for the transmission the UE would use a directional transmission beam and the signal would be received likely by the TRP to which the transmission beam was aligned. 
Observation 6: UL signal for UL based mobility may be used triggering downlink mobility measurements.

Observation 7: UL based mobility likely more feasible at lower carrier frequencies than higher carrier frequencies where UE uses directional transmissions instead of omni-directional. 
3
Conclusions
In this contribution basic initial access and mobility principles are discussed.
The following proposals may be summarized:
Proposal 1: Periodic synchronization signal(s) are needed for initial search and synchronization. 

Proposal 2: Signal structure used for initial search signal should be common both in single-beam and multi-beam operation.
Proposal 3: Default numerology is used for synchronization signals (per frequency band).

Observation 1: Tens to hundreds of beams per cell which needs to be uniquely identifiable by the UEs.

Observation 2: Hierarchical beam identification structure is needed.

Observation 3: Synchronization signal needed for beam synchronization.

Observation 4: Synchronization signal can convey ID that is used as basis to derive beam reference signal for the cell.
Proposal 4: Physical broadcast channel needs to be defined to deliver essential system information.

Proposal 5: PBCH should support both single-beam and multi-beam operation. 

Proposal 6: Random access procedure should support both single-beam and multi-beam operation.

Proposal 7: Default numerology applied for the signals and channels in random access procedure.
Proposal 8: Periodical downlink beam reference signals are basis for downlink based mobility.

Proposal 9: Define a periodical discovery signal comprising synchronization signal(s), beam reference signals and physical broadcast channel transmitted by a cell. 

Observation 6: UL signal for UL based mobility may be used triggering downlink mobility measurements.

Observation 7: UL based mobility likely more feasible at lower carrier frequencies than higher carrier frequencies where UE uses directional transmissions instead of omni-directional.
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