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1 Introduction

RAN#71 in March 2016 approved a 5G SID [1]. According to the objectives outlined in the SID the 5G RAT is assumed to operate over frequency ranges up to 100 GHz. The 5G RAT is expected to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive machine-type communications (mMTC), ultra-reliability & low latency communications (URLLC) and additional requirements defined in TR 38.914. The SID also intends to target a single technical framework addressing all usage scenarios, requirements, and deployment scenarios. Further, the physical layer waveform is baselined on OFDM for the 5G RAT. Based on these objectives, in this contribution we take a more detailed look at what procedures the UE perform for initial access regardless of the usage scenario or deployment scenario and which procedures could be targeted for commonality in order to reduce UE complexity. 
2 Discussion
Similar to LTE system a UE supporting 5G radio capability must perform certain procedures before it can start to receive or transmit data. These procedures can be categorized in cell search and downlink synchronization, acquisition of system information, and random access. These procedures as shown in Figure 1 are collectively known as Initial Access in LTE.
Figure 1
2.1 Cell Search and Downlink Synchronization 

Upon power ON or for mobility purpose in Idle or Connected state, UE detects or identifies a cell based on Physical Cell Identity (PCI) after decoding the physical synchronization signals like PSS/SSS. There are 504 PCI in LTE. The PSS in LTE FDD is transmitted in the last OFDM symbol of the first time slot of subframe#0 in a radio frame and also repeated in the first time slot of subframe#5. The PSS is a Zadoff-Chu (ZC) sequence of length 63 transmitted on 62 of the 72 subcarriers of the central PRBs regardless of the system bandwidth. After decoding the PSS the UE is able to acquire slot boundary, time synchronization on 5 ms basis and identify one of the three possible sequences to identify the cell’s physical layer identity. The SSS is transmitted in the OFDM symbol before the OFDM symbol where PSS is transmitted in subframe#0 and subframe#5. Similar to PSS, the SSS is transmitted on 62 of the 72 subcarriers of the central PRBs. After decoding the SSS the UE is able to acquire frame boundary and identify the one of the 168 possible sequences for the cell identity group. Based on the cell identity group and cell’s physical layer identity, the UE is able to detect the PCI and hence identify the resources where cell-specific reference signals (CRS) are transmitted by the detected cell. There is small difference in synchronization transmission in LTE FDD and LTE TDD but it is intentional so that UE determines whether the detected cell is TDD or FDD during the cell search procedure itself.
Observation#1: LTE UE performs same cell search operation regardless of system bandwidth. 
This basic operation using periodic synchronization signals could be the baseline for 5G cell search design. The detailed physical layer design for the synchronization signals should be discussed further in RAN1 considering required cell search time, number of cell IDs, system overhead, and deployment scenario. Therefore to reduce UE complexity a common cell search procedure regardless of system bandwidth and usage scenario should be the design target. 
Proposal#1: RAN1/2 is requested to strive for a common cell search procedure for 5G RAT regardless of system bandwidth and usage/deployment scenario.
2.2 System Information Acquisition 

After detecting the PCI the LTE UE is able to identify the CRS resources and hence can decode the broadcast channel carrying the Master Information Block (MIB). The MIB provides the most essential system information like SFN, DL system bandwidth, PHICH configuration, number of antennas etc. Based on the bandwidth information and PCI, the UE is able to determine the position of the CRS in frequency domain. This enables the UE to get fully downlink synchronized in time and frequency domain and able to make measurements to determine cell quality. Subsequently the UE acquires System Information Block 1 (SIB1) to perform PLMN selection and cell selection. The SIB 1 includes parameters like PLMN identity, cell identity, TAC, cell barring/cell reservation information, value tag (common for all scheduling units), scheduling information of other SIBs. UE needs to acquire SIB1 in order to determine whether it is suitable to camp on the detected cell or not based on cell barring/cell reservation information and cell selection information. After meeting the cell selection criteria for detected cell UE camps on detected cell. UE then needs to acquire SIB 2 for applying radio resource configuration related to control channels like BCH, PCH, PRACH, PUCCH and shared channels like PDSCH and PUSCH. Before initiating service request on camped cell UE also need to determine whether it is allowed to access the camped cell or not based on further access barring information included in SIB 2. Therefore UE needs to acquire at least MIB, SIB 1 and SIB 2 for initial access in LTE.
Observation#2: Most essential system information for initial access in LTE is included in MIB, SIB 1 and SIB 2.

If 5G RAT is operated in standalone mode then essential system information for initial access need to be broadcasted like in LTE. However, in companion contribution [2], we have shown that broadcasting multiple system information blocks using the LTE approach (i.e., periodic broadcast) leads to significant system overhead and poor energy efficiency. Therefore, we believe the most essential system information required by the UE for camping on detected cell and subsequently accessing the camped cell can be broadcasted while rest of the system information can be provided to the UE on request. If 5G RAT is operated in non-standalone mode then almost all system information related to 5G cell can be provided through dedicated signaling through the 4G PCell except for SFN of 5G cell. Since SFN information is not required for random access procedure it is possible to provide the SFN of 5G cell in random access response. Alternatively, SFN information of 5G cell can also be provided during 5G Cell addition if SFN Offset between 4G cell and 5G cell is exchanged in X2 interface. However, such approach would lead for different approaches for standalone operation and non-standalone operation. Therefore, we think the most essential system information shall be broadcasted for initial access and rest of the system information can be provided on request.
Proposal#2: RAN1/2 is requested to consider an approach where the most essential system information shall be broadcasted for initial access and rest of the system information can be provided  on request.
2.3 Random Access
In LTE RACH and PRACH configuration is provided in SIB 2 based on which UE can initiate random access procedure on camped cell to establish RRC connection and perform service request. For 5G in section 2.2, we proposed broadcasting of most essential system information which would include the minimum RACH and PRACH configuration required for the UE to initiate random access.  It is also possible some basic parameters associated with RACH and PRACH configuration can be considered as default parameters which need not be signaled to UE. If additional PRACH resources are needed for managing the RACH load then such configuration can be provided to UE already in connected mode through dedicated signaling. Therefore RAN1/2 can strive for commonality in initial access procedure by striving to design common cell search, most essential system information broadcasting and common random access which may include flexible preamble space partitioning for different UE types and minimum PRACH configuration. Such a common initial access for 5G is conceptually depicted in Figure 2.

Figure 2
We foresee the following benefits with such common initial access procedure:
· Reduces UE complexity and reduces specification and testing effort 

· Can be used by any UE supporting any new 5G service introduced in future 

· Initial access basically becomes service agnostic

Proposal#3: RAN1/2 is requested to consider a common random access procedure with minimum PRACH configuration regardless of system bandwidth and usage/deployment scenario.
Proposal#4: RAN1/2 is requested to strive for common functionality of initial access to be aligned where possible for low and high frequency operation as long as it does not result in significant performance degradation.
3 Conclusion
We conclude the contribution by summarizing the following observations and proposals to be agreed.
Observation#1: LTE UE performs same cell search operation regardless of system bandwidth. 
Observation#2: Most essential system information for initial access in LTE is included in MIB, SIB 1 and SIB 2.

Proposal#1: RAN1/2 is requested to strive for a common cell search procedure for 5G RAT regardless of system bandwidth and usage/deployment scenario.

Proposal#2: RAN1/2 is requested to consider an approach where the most essential system information shall be broadcasted for initial access and rest of the system information can be provided on request.

Proposal#3: RAN1/2 is requested to consider a common random access procedure with minimum PRACH configuration regardless of system bandwidth and usage/deployment scenario.
Proposal#4: RAN1/2 is requested to strive for common functionality of initial access to be aligned where possible for low and high frequency operation as long as it does not result in significant performance degradation.
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