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1. Introduction
In this contribution, we present an overview of the baseline NR initial access for idle UEs, based on agreements and our additional proposals. No new proposals are presented in this contribution.
2. Before Random Access
DL Signal Structure:
Idle mode mobility is based on DL signals corresponding to cells [1]. The primary cell-specific signals for the idle UE are NR-SS [2] and PBCH [6].
The always-on DL signals are arranged in a periodically transmitted structure called SS burst set [4]. An SS burst set consists of a finite number of SS bursts. An SS burst consists of a number of SS blocks. An SS block includes the primary signals necessary for an idle UE, such as NR-SS and PBCH [3]. 
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Figure 1 illustrates the structure of SS blocks and SS bursts. One of the main purposes of SS bursts is to support DL beam sweeping, in which DL Tx beams are sequentially transmitted in order to cover the whole service area in one more more SS bursts. Beam sweeping can also be combined with repetition, in order to further enhance coverage. The NR-SS and PBCH is repeated in each SS block so that a UE that can just receive a single SS block can still access the system.
Cell Search:
The SS burst (or SS burst set) transmission period may be longer than in LTE. However, the number of frequency hypotheses may also be reduced [5].
During cell search, the UE searches for NR-SS, assuming a certain SS numerology based on the frequency range. Having detected an NR-SS (corresponding to a cell ID), the UE can search for additional NR-SS (with the same cell ID) on predefined time intervals before and after the already detected NR-SS. Based on this search, the UE can find multiple NR-SS (corresponding to the same cell ID) belonging to different SS blocks in an SS burst. Depending on the implementation, the different NR-SS can correspond to different or repeated beams, as illustrated in Figure 1.
The UE can find multiple such sets of NR-SS, each set corresponding to a cell.
RRM Measurements:
Based on the detected set(s) of NR-SS (corresponding to one or more cells), the UE performs RRM measurements. The measurement is based on a cell-level always-on RS that is transmitted in each SS block. The cell-level RS is either the NR-SS signal itself or an additional RS the NR-SS is not sufficient.
Based on the measurement, the UE obtains one measurement result (e.g. RSRP) for each detected NR-SS. In other words, if a UE detected multiple NR-SS for a certain cell, corresponding to different SS blocks, then the UE will obtain multiple measurement results for the cell. 
System Information (SI):
The system information is divided into minimum SI [9] and other SI [10]. The minimum SI is periodically broadcasted and it contains the information necessary to access the system. The minimum SI is partly transmitted on PBCH and partly using PDSCH, as in LTE.
Cell Selection/Reselection:
The minimum SI also contain information for cell selection/reselection. For each cell, the UE extracts the cell-level measurement result as the best measurement result among the multiple that are available. The best measurement result (of multiple) for a cell typically corresponds to the best beam of the cell.
The camps on the best cell, i.e. on the best beam in the multi-beam case.
3. Random Access
Random Access Configuration:
The minimum SI also contains the random access configuration. The configuration contains associations between the measurement results (corresponding to SS blocks/beams) and disjoint RACH groups [7][8], as illustrated in Figure 2. A RACH group is a combination of a subset of RACH resources and a subset of RACH preambles.
The random access configuration also indicates to the UE if it should transmit multiple repeated preambles in a RACH burst (using the same UE Tx beam) or if a single preamble transmission is sufficient from the gNB point of view.
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Selection of RACH group:
The UE selects the RACH group that is associated with the best measurement results, i.e. the best SS block (e.g. beam).
Preamble transmission and reception:
The UE selects one or more RACH resource(s) and a preamble from the selected RACH group. If one or more RACH resources is selected depends on the indication in the random access configuration mentioned above.
The UE transmits the one or more preamble(s) on one or more RACH resource(s), using the same UE Tx beam. The gNB knows to which RACH group each RACH resource and preamble belongs, i.e. which SS block/beam that was best for any UE transmitting a preamble on the RACH resource. Hence, if the gNB supports Tx/Rx reciprocity it can use the same best beam for receiving the preamble on the RACH resource. Otherwise, the gNB can use Rx beam sweeping during the transmission of multiple preambles.
If no response is received, the UE may transmit again (one or more preambles) according to the configuration. However, now the UE may choose to change its UE Tx beam, compared to the previous transmission of one or more preambles. This may be useful if the UE lacks Tx/Rx reciprocity.
Random access response (MSG2):
The gNB detects a preamble on a RACH resource. Based on the detected preamble and the association, it knows the best DL Tx beam for the detected UE. Therefore, the same beam is used for transmission of random access response. If there is any ambiguity, the RAR may indicate in which RACH resource the preamble was detected, so that the UE can deduce which UE Tx beam what was successful.
MSG2 can also be used to inform the configuration of a not always-on RS [3], e.g. a first-level RS/BRS [11]. This mechanism would allow the UE to perform fine beam searching before RRC connection is established. Then data transmission with the most suitable beam direction can be started soon after RRC is established.
MSG3/4:
The UE responds with MSG3, by using the same UE Tx beam that was used for the successful preamble and the gNB uses the same beam that was used to receive the successful preamble. 
MSG4 may be transmitted and received largely as MSG2. However, further adaptations indicated in MSG2/3 are possible.
4. Conclusions
This contribution presented an overview of the baseline NR initial access for idle UEs.
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