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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 past meetings we also provided the initial discussion on consideration of initial access in [3][4][7] taking into account the forward compatibility. 
In this contribution, we provide further discussion on considerations of PBCH and minimum system information delivery.   
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 and 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 (virtual) 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 synchronization signals (SS) block can be transmitted to carry SS1, SS2 and at least some essential system information as agreed earlier, which is used for synchronization and essential system information acquisition during the initial access without any knowledge of the system bandwidth. The bandwidth of anchor carrier is equal to or larger than the SS block bandwidth.
Proposal 1: SS block is transmitted in the narrow band anchor.
The details of synchronization signal design has been discussed in the companion contribution [5]. 

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.
· Step1. UE perform time-frequency synchronization based on the detection of the synchronization signal(s) (e.g., SS1 and SS2) in SS block within a default bandwidth with a default subcarrier spacing in a given frequency range. 
· Step 2. Based on initial synchronization, UE can perform RRM measurement based on mobility RSs carried at least within SS block.
· Step 3. UE can 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. The DM-RS for decoding system information is also used as the mobility RS. 
· Step 4. Based on system configuration information and control information for NR_ESI transmission, UE can decode NR_ESI carried by NR_PDSCH for cell access information such as RACH and Paging information. 
In particular, UE may obtain the information from NR_ESI about how to access different frequency resources (e.g., virtual carrier) with even different numerologies. As illustrated in Figure 1, Carrier X-a and Carrier X-b may support different services with different numerology/slot configuration. 

· Step 5. After synchronization via SS1/SS2 and acquisition of MIB/NR_ESI, the UE can launch the procedure of establishing RRC connection for access either via the anchor (virtual) carrier or the other (virtual) carriers with different slot/numerology configuration. In particular, during RRC connection setup procedure UE can even obtain other ESI message via Msg4.
Proposal 2: Narrowband anchor based access is supported 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 Broadcast channels and System Information delivery
2.2.1 NR_MIB content and transmission

NR_MIB Content

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. Considering the large size of SFN bits, MIB may not need to include all SFN bits. The most of SFN bits can be carried in ESI later on.
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 NR_ESI.
Proposal 3: NR_MIB may not need to include all SFN bits.

NR_MIB Transmission
For transmission, NR_MIB should be carried within the anchor (virtual) carrier. QPSK can be applied typically due to the robust coverage with the limited information bits. The exact number of bits may depend on the transmission efficiency and contents to be determined by RAN1/RAN2 jointly. However, we may take 24 information bits (same as in LTE MIB) plus 16 bits CRC as a starting point for system design, according to the previous analysis for the NR_MIB content.
PBCH within SS block is transmitted over 5 symbols as illustrated in Figure 2. RS for demodulation of PBCH can be used as mobility RS and beam reference RS according to our companion papers in [5] and [8] with more details. 2-port SFBC can be used for NR_PBCH transmission.
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Figure 2. PBCH within SS block burst with 40 ms periodicity  
Associated with SS signal(s), NR_PBCH can be transmitted over up to 24RBs in frequency domain with 1RB=12subcarriers. The exact bandwidth depends on the default numerology in the given frequency range. The effective coding rate is 0.0189 (excluding the DM-RS REs within 5 PBCH symbols) which is comparable to 0.021 ECR in LTE with 40bits transmitted over 960REs within 40ms period.

To be noticed, polar code will be applied for PBCH channel coding according to the RAN1 agreement. Thus, each PBCH symbol is encoded with polar code. The details on PBCH channel coding can be found in our companion paper [9]
Proposal 4: NR_PBCH with polar coding is transmitted over at least 24 RBs and 5 symbols within RB with 40ms period, using 2-port SFBC. 
Discussion on Open issues in WF

There are several options listed in the early RAN1 agreements as extracted below for discussion. Firstly, our opinion is adopting Alt.1 considering the big size for minimum system information (up to thousand bits) with a huge overhead for the system operation due to the fixed NR-PBCH transmissions (fixed period, fixed MCS, fixed message size).

	· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information




Further, whether to take Alt. 1-1 or Alt. 1-2 may depend on whether the fixed period is used for minimum system information transmission. In case of Alt.1-2, the scheduling of minimum system information relies on the other channel (e.g., control channel than PBCH). If the period is not fixed, it meant a lot of hypothesis for UE to detect the control channels for reception of minimum system information. It is resource/power consumed for a UE. However, if the period can be fixed, then UE can just monitor control channel for resource allocation in the fixed occasions without any hypothesis in the time domain. It may help to reduce PBCH overhead carrying partial scheduling information with acceptable power consumption.
In short, considering the operation flexibility and UE power consumption, Alt 1-1 is preferred slightly. 

Proposal 5: Alt 1-1 is preferred supposing the transmission period for the minimum system information is not fixed.
2.2.2 Minimum System Information (aka. NR_ESI) Delivery
In the last meeting, several options are identified for NR_ESI delivery, as extracted below.
	· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI



From our opinion, Alt. 2 is preferred due to following reasons:

· Alt.1 implies the fixed size of minimum system information and fixed scheduling in the frequency/time domain, which is lacking of sufficient flexibility, especially considering the forward compatibility. Besides, the introduction of the new channel will also increase the additional requirements and test, which should be avoided unless it is inevitable.
· Alt.2 using PDSCH transmission can be adapted to the change of NR_ESI on size and scheduling. It is more efficient way for transmission. To avoid the potential overhead for scheduling, the options for TBS and the transmission period can be restricted, which is similar to operation in eMTC.

Unless RAN1/RAN2 can agree with a single size and transmission period for NR_ESI, Alt.1 should be dropped.

Proposal 6: Alt 2 by transmitting remaining minimum system information in NR_PDSCH is adopted.
2.2.3 On-demand SI delivery for non-ESI information

In NR, system information may include Master Information Block (NR_MIB), Essential System Information (NR_ESI) and non-Essential System Information (NR_Non-ESI). Here, on-demand SI delivery can be considered for the NR_Non-ESI delivery for both connected UE and idle UEs.

For the connected UEs after RRC connection setup (abovementioned Step 5), UE can send SI-request message to gNB for Non-ESI messages as shown in Figure 1. Upon receiving SI-request, gNB sends SI-response to indicate UE where/when to receive Non-ESI information. There are two approaches for UE to obtain Non-ESI information depending on signalling in SI-response provided by gNB.

Approach 1: Non-ESI is transmitted via the dedicated data channel as a user specific data. This UE specific non-ESI could use the different numerology than SS block in the other carrier than anchor. 

Approach 2: 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.

For the idle mode UEs, in case of system information change, approach 2 will be adopted for update system information. In this case, paging control channel for indication of SI update(s) will be transmitted within the anchor to wake up UE for obtaining the updated system information. Accordingly, UE can receive the corresponding SI messages within anchor carrier. In this case paging for UE call arrival and SI updates can be separated with different paging cycle, i.e., SI-paging (only control channel) and UE-paging (control channel + data channel).

Proposal 7: Transmission of UE-specific Non-ESI can be up to gNB scheduling for the connected UEs.

Proposal 8: Transmission of broadcast Non-ESI and SI-paging are preferred within anchor carrier for the idle UEs in case of SI updates.

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: SS block is transmitted in the narrow band anchor.
Proposal 2: Narrowband anchor based access is supported considering UE power reduction, interference reduction and forward compatibility.
Proposal 3: NR_MIB may not need to include all SFN bits.

Proposal 4: NR_PBCH with polar coding is transmitted over at least 24 RBs and 5 symbols within RB with 40ms period, using 2-port SFBC. 

Proposal 5: Alt 1-1 is preferred supposing the transmission period for the minimum system information is not fixed.
Proposal 6: Alt 2 by transmitting remaining minimum system information in NR_PDSCH is adopted.
Proposal 7: Transmission of UE-specific Non-ESI can be up to gNB scheduling for the connected UEs.

Proposal 8: Transmission of broadcast Non-ESI and SI-specific paging are preferred within anchor carrier for the idle UEs in case of SI updates.
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