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1 Introduction
The SID on "Study on New Radio Access Technology" was approved [1] at RAN #71 meeting. One of the considerations for New Radio (NR) design is to secure the forward compatibility. In the RAN1 84#bis meeting, the design principles have been agreed to ensure forward compatibility and compatibility of different features. In the RAN1 85 meeting, more detailed guidance on the system design for forward compatibility was provided in [2]. In the last meeting we also provided the initial discussion on the consideration of initial access in [3][4] taking into account the forward compatibility. In the last RAN1 meeting, the following agreements have been reached:
	Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology

· –
FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands


In this contribution, we provide further discussion on consideration for initial access procedure taking into account the potential beacon design in the companion papers [5][6][7].  
2 Discussion
2.1 Narrowband anchor based initial access
One of the considerations for initial access is to access the NR cell via a narrowband anchor as briefed in [4]. Besides, the inactive UE or idle UE can only monitor the narrowband anchor (virtual) carrier for system information updates and paging. Such kind of narrowband anchor access can save UE power consumption and avoid wideband/fixed transmission of the reference signals, which is beneficial for the forward compatibility, scheduling flexibility and interference reduction.

As illustrated in Figure 1, UE can access the cell via an anchor (virtual) carrier with a narrow bandwidth (e.g., 5MHz) within a wide system bandwidth (e.g., 80MHz). Here, the anchor can operate like a carrier from UE processing perspective but not necessary to be a component carrier. So it can also be considered as a virtual carrier. 

Within the anchor, the beacon unit as described in [5] is transmitted by including at least:

· Synchronization signals such as SS1 (similar to PSS in LTE) and SS2 (similar to SSS in LTE).
· Some essential system information such as NR_MIB carried by NR_PBCH and even NR_ESI carried by NR_PDSCH. 

The details of synchronization signal design has been discussed in the companion contribution [6]. NR_PBCH will be discussed below later.

For the narrowband anchor based initial access, it is similar to the procedure supported in the legacy LTE system. In general, the procedure can be briefed as below.
· UE firstly perform time-frequency synchronization based on the detection of the synchronization signal(s) (e.g., SS1 and SS2) within a certain bandwidth. 

Subcarrier spacing of the anchor can be either predefined or blindly detected. In case of blind detection, it is preferred that detection of synchronization signal(s) can be used to determine subcarrier spacing. Besides, the subcarrier spacing supported by the anchor may depend on the frequency range and/or the deployment scenario as discussed in [3]. 
· UE can further decode NR_PBCH for MIB information within the anchor to obtain the system configuration and possible control information about NR_ESI (like SIB1/SIB2) transmission.

· Based on system configuration information and control information for NR_ESI transmission, UE can further decode NR_ESI carried by NR_PDSCH for cell access information such as RACH and Paging information. 
Besides, based on the decoding of NR_ESI, UE may obtain the information about how to access different frequency resources (e.g., virtual carrier) with different numerologies. As illustrated in Figure 1, Carrier X-a and Carrier X-b may support different services with different numerologies. 

· After synchronization via SS1/SS2 and acquisition of MIB/NR_ESI, the UE can launch the procedure of establishing RRC connection for access either in the anchor (virtual) carrier or the other (virtual) carriers with different service support. During RRC connection setup procedure, UE can obtain Non-ESI message via Msg4.
· After RRC connection setup, UE can send SI-request to ask for Non-ESI messages. Upon receiving SI-request, base station can send SI-response to indicate UE where/when to receive Non-ESI information. For example, Non-ESI can be transmitted via the dedicated data channel as a user specific data. This non-ESI could be service specific corresponding to the used numerology. Alternatively, UE can obtain common non-ESI message over the broadcast channel which is transmitted on demand following a predefined period with the anchor (virtual) carrier. SI-response can also indicate UE the presence of non-ESI.
Proposal 1: Narrowband anchor based access should be considered for support considering UE power reduction, interference reduction and forward compatibility. 
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Figure 1. Illustration of narrowband anchor based cell access in NR

2.2 NR_MIB content and transmission

In NR, system information may include Master Information Block (NR_MIB), Essential System Information (NR_ESI) and non-Essential System Information (NR_Non-ESI). NR_MIB can be carried in NR_PBCH associated with the beacon unit transmission.  
Similar to MIB in LTE, NR_MIB may include the essential system configuration such as anchor carrier bandwidth and/or the overall (aggregated) system bandwidth. However, the legacy PHICH configuration may not be needed. Besides, it is also questionable whether SFN should be included in NR_MIB. For example, it could be considered to include SFN in NR_ESI, which may depend on the further discussion in RAN1/RAN2 on the usage and the SFN size.
Similar to the operation in eMTC/NB-IoT, NR_MIB may also carry scheduling information for NR_ESI such as MCS, resource allocation and transmission time. To reduce the overhead, the MCS and resource allocation can be restricted for N_ESI.
For transmission, NR_MIB should be carried within the anchor (virtual) carrier. QPSK can be applied typically considering the robust coverage support with the limited information bits. The number of information bits can be fixed as LTE. The exact number of bits may depend on the transmission efficiency and contents to be determined by RAN1/RAN2 jointly. However, we may take 24bits in LTE MIB as a starting point for system design.
Proposal 2: NR_MIB transmission should be carried in a narrowband anchor (virtual) carrier.
More details on the design associated with synchronization signal(s) are illustrated in Figure 2. In general, the transmission of NR_PBCH is associated with synchronization signal(s) to avoid the additional fixed time resource occupation, which is beneficial for forward compatibility and scheduling flexibility.
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Figure 2. Illustration of synchronization signal(s) and NR_PBCH
Associated with synchronization signal(s) for transmission, NR_PBCH can be transmitted within 4 consecutive symbols across ~5MHz bandwidth supposing 15 kHz subcarrier spacing. The demodulation of NR_PBCH relies on the reference signal used for common control channels and NR_ESI demodulation. 
NR_PBCH is transmitted every 40ms same as synchronization signal(s). The transmission of 4 consecutive symbols with symbol level repetitions can enable I/Q symbol combining for coverage enhancement. In each transmission, at least 40 information bits transmitted over 960 REs across 4 symbols and around 5MHz bandwidth can be supported within the anchor (virtual) carrier to achieve the similar coding rate as LTE PBCH transmission for the same coverage. 

Proposal 3: It is preferred that NR_PBCH carrying MIB information transmitted associated with synchronization signal(s) transmission.
3 Conclusion
In this contribution, we provided more discussion on aspects related to the initial access in NR. Based on the discussion, the following proposals are given for consideration.

Proposal 1: Narrowband anchor based access should be considered for support considering UE power reduction, interference reduction and forward compatibility. 

Proposal 2: NR_MIB transmission should be carried in a narrowband anchor (virtual) carrier.
Proposal 3: It is preferred that NR_PBCH carrying MIB information transmitted associated with synchronization signal(s) transmission.
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