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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio (NR) Access Technology was approved.

One objective of the SI is to aim at a single technical framework that supports all identified usage scenarios, requirements and deployment scenarios including enhanced Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC). In particular, the Study Item Description (SID) mentions that NR should support efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum.

For RAN2, work is expected on progressing the design of the radio interface protocols and procedures as well as aspects related to the RAN architecture. This includes System Information acquisition and principles for initial access. 
TR 38.913 [2] includes a number of requirements. Latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms.

This contribution further discusses system information acquisition and other related aspects for NR.

2 System Information Tailored for Different Scenarios / Use Cases
In LTE, all applicable system information is broadcasted periodically using the physical resources of the corresponding cell. The information is broadcasted using different mechanisms: MIB is transmitted using the BCH with a periodicity of 40ms, SIB1 is transmitted using DL-SCH with a periodicity of 80ms, and other applicable SIBs are transmitted using DL-SCH with time-frequency domain scheduling by SI-RNTI on the PDCCH each with a configurable periodicity and each within a time window. System information is provided using dedicated signaling as part of the RRC reconfiguration procedure for (P)SCells for a UE configured with carrier aggregation and/or dual connectivity.
The above broadcasting approach is well-suited mainly for macro cell deployments. However, it may not be optimal in other scenarios. A first possible shortcoming is that resources may be wasted when only few UEs (or none) are camping on the cell, are accessing the system and/or are interested in certain types of SIBs. A second possible shortcoming is the latency induced by the nature of the periodic broadcasting when initially acquiring system information. For some SIBs, a UE has to wait for the next period until the relevant SIB(s) is transmitted; an average latency corresponding to half of the configured period is typically necessary before a UE can determine whether or not a feature of the system is accessible. A third shortcoming is the impact of the extensibility of the broadcasting approach as the system evolves and as new features are being added. As the amount of system information increases, more resources are required for the broadcasting approach. As new information messages are added, each may need to be broadcasted in a new time window which may further impact a UE’s power consumption as it may have to wake up more often.

Observation 1:
Broadcast of information implies a tradeoff between the amount of transmitted information, the latency to acquire such information and the efficient use of physical resources in a cell.
In addition to the above possible shortcomings of the broadcasting approach, there are a number of other aspects to consider that may be specific to the NR access. Firstly, it can be expected that NR will be deployed in high frequency bands and multiple beams may be needed to provide adequate coverage. In these conditions, using broadcasting methods similar to LTE (i.e. broadcasting on each beam) may not be suitable or efficient. Secondly, such NR deployments are expected to include macro deployments as well as a high density of cells with small coverage: for cells with large coverage, the broadcasting approach for all applicable system information is well suited to provide functions such as system access, camping, mobility, etc. as the population of IDLE UEs is larger and the rate of system access is higher; for cells with smaller coverage, only few UEs may be in the area of a cell at any given time and those cell are better suited for dedicated transmissions while it would however remain desirable to efficiently support similar features and functions as a macro cell. Thirdly, with shorter TTIs being supported, it may become faster to acquire system information using dedicated signaling rather than waiting for periodically broadcasted system information. This may also be necessary to properly support URLLC services.
A single system information provisioning mechanism may thus not be optimal for all type of deployments and/or for all type of services/features supported by NR.
Observation 2:
Broadcast of the entire system information using physical resources of the corresponding cell may not be optimal for all use cases and deployments scenarios for NR.
Broadcasted signals increase interference levels in high density deployments and impacts network power consumption.
3 System Information Acquisition for NR 
As discussed in the previous section, broadcasting of information implies a tradeoff between the amount of transmitted information, the latency to acquire such information and the efficient use of physical resources in a cell.
The amount of broadcasted system information can be reduced by considering a separation of the total amount of system information into different parts, a Primary-SI part that is broadcasted and a Secondary-SI part that may be subsequently acquired using dedicated signaling as discussed in section 3.1 below.
The latency required to acquire the necessary information can be met using a request-based approach e.g. an on-demand mechanism in combination with an efficient random access channel. A mechanism such as described in section 3.4 could be considered for system information applicable to multiple small cells within a given area. Latency could thus be tailored based on the deployment and the configuration of a cell e.g. in terms of coverage, supported services and QoS.
The usage of physical resources dedicated to system information in a cell may be optimized by introducing flexibility in the delivery of system information such that the combined use of the broadcast approach and the dedicated approach may be supported in addition of a broadcast-only provisioning mechanism. 
Proposal 1:
System Information delivery for NR supports a flexible mechanism that includes support for transmission of system information using broadcasting, using dedicated transmissions or both.

System information acquisition should be flexible in all three aspects of the above-described tradeoff. It should support a flexible amount of broadcasted system information e.g. based on a configurable split of the total system information between Primary-SI and Secondary-SI. It should further support flexibility in terms of latency whereby acquisition may be using periodically broadcasted transmissions or a faster on-demand mechanism. It should finally be flexible in terms of efficient use of physical resources in a cell by enabling the combination of broadcasted and dedicated transmissions.
3.1 A Flexible Definition of Different Types of System Information 
The flexibility of system information delivery can be improved by separating the information in two groups: Primary-SI which would minimally consist of the basic information needed e.g. for system access, and Secondary-SI which would then consist of any remaining applicable system information. The separation should be configurable: it should preferably be possible to configure different cells with different contents for each group. Below is an example of a possible grouping.
Primary-SI:
The Primary-SI group minimally contains system information necessary for the UE to access uplink resources and to obtain further system information using dedicated resources. It may expand to contain all applicable system information.
For example, in LTE, the following could correspond to the minimal amount of information blocks for this group: MIB, SIB1 (access-related information e.g. PLMN, TAC, CellID, p-Max, frequency band indicator), SIB2 (access barring information, RACH parameters, UL power control).
Additionally, for NR, this group could include any system information to enable feature-specific type of access e.g. for connectionless data transfers and/or access using URLLC transmissions.

Secondary-SI:
The Secondary-SI group contains any other applicable system information and can be acquired using dedicated resources. For example, SIBs specific to certain features, SIBs specific to certain type or categories of UEs, SIBs specific to certain cells and other SIBs specific to NR features could be included, if any.
It is desirable to support the inclusion of a varying amount of information blocks in the broadcasted Primary-SI system information i.e. the split between Primary-SI and Secondary-SI should be flexible.
For example, when Primary-SI system information is reduced, there should be a mechanism to for the UE to acquire the necessary system information from the Secondary-SI. Furthermore, when system information is expanded as the system evolves, the same mechanism could be used to properly handle the additional SIBs in each group. This could also provide the flexibility to add additional broadcasted information to the Primary-SI in case new features are added that may be essential for accessing the NR system.
Some restrictions or default allocation could be supported for some of the system information. For example, a "default set" providing basic information needed for system access, camping and mobility and possibly also a basic set of features could be defined. Other information sets could be defined such as a "common set" applicable to most devices (including e.g. ETWS, CMAS, HNB name etc.) or a "feature set" (for devices supporting specific features/services).
Finally, such flexibility enable a configuration of the system that can be optimally tailored for each cell depending on the supported features for the cell.
It would thus be beneficial to have a flexible design that allows a variable split between Primary-SI and Secondary-SI information. Consequently, the following is proposed:
Proposal 2:
System Information Blocks (or equivalent for NR) is grouped as Primary-SI and Secondary-SI. 

Proposal 3:
Primary-SI is delivered using broadcasted transmissions.

Proposal 4:
Secondary-SI, if any, is delivered using UE-dedicated scheduled transmissions.
3.2 A Flexible Combination of Broadcasting and Dedicated Transmissions
The flexibility of system information delivery can be improved by enabling the combination of broadcasting and transmissions using UE-dedicated resources.

Flexibility in support for different cell coverage / cell functions
The network should have means to configure different provisioning methods for different cells based on coverage. For example, a cell that provides macro coverage may be configured with broadcast transmissions while a cell that provides micro coverage may be configured with dedicated transmissions (only, or in addition to some broadcast) for their respective System Information.
The network should have means to configure different provisioning methods for different cells based on their supported set of features and/or functions. For example, system information applicable to the same function may be part of either group depending on another aspect of a cell e.g. a cell that supports URLLC-type of data transfers may include a URLLC-related SIB in the Primary-SI if it also supports an ultra-low latency procedure for the initial access, or it may otherwise include it in the Secondary-SI. For example, a cell could also adapt its offered features or services over time.
A combination of broadcasting and dedicated transmissions using resources of a different cells can also be considered. For example, the UE may receive system information for a micro cell broadcasted from the macro cell as discussed in section 3.4 below, and then obtain further system information as needed when accessing the micro cell using dedicated transmissions using resources of the micro cell.
Flexibility in support of system load / system capacity
The network should have means to reconfigure different provisioning methods for different cells based on system load or to better manage inter-cell interference. For example, the amount of broadcasted information may be adjusted based on the observed access rate related to e.g. system information acquisition as the number of UEs under coverage of the cell increases, decreases or when entering a low power consumption state.
It is beneficial to support acquisition methods allowing a variable split between broadcasted and dedicated transmission. The allocation of SIBs (or equivalent for NR) should be configurable by the network and varied when needed.
Proposal 5:
The system information delivery supports re-allocation of a SIB as Primary-SI or as Secondary-SI.

3.3 A Flexible On-Demand System Information Acquisition
The acquisition of the Primary-SI system information minimally provide means for the UE to access the system using dedicated resources e.g. following a successful random access procedure. If or when needed, the UE should have further means to acquire the Secondary-SI using an “on-demand” mechanism. Such on-demand system information mechanism should be initiated either by the UE (for acquisition) or by the network (in case of an update). It should further be possible to deliver system information at the granularity of a SIB (or equivalent). More specifically, the UE could have means to selectively request specific SIB(s) with the on-demand method, while the network could also have means to notify UEs to retrieve specific SIB(s) using the network-initiated on-demand method.
For example, after having acquired the Primary-SI, the UE could then acquire Secondary-SI by requesting either all remaining information for the Secondary-SI, or by requesting a subset of any existing SIBs e.g. based on UE capability and/or based on service(s) of interest.
Subsequently, the UE could determine from a control or paging channel that one or more SIBs have been modified for either Primary-SI or Secondary-SI; in the first case, the UE would reacquire the applicable SIBs using the broadcast channel while in the latter case the UE would initiate an on-demand request for applicable SIBs. Possibly, given support for flexible reallocation of SIBs between Primary-SI and Secondary-SI the network could avoid burst of requests from different UEs by temporarily reallocating all impacted SIBs to the Primary-SI and trigger system information update for the broadcast channel only.

Such flexibility may further enable prioritization in terms of latency for pushing out system information updates to some or all UEs for e.g. time sensitive changes such as for warning systems (ETWS and CMAS).

Proposal 6:
System information delivery supports an on-demand mechanism for SIBs that are not part of Primary-SI.

Proposal 7:
UE-initiated on-demand system information delivery is supported for SI acquisition.

Proposal 8:
Network-initiated on-demand system information delivery is supported for SI update.

Proposal 9:
On-demand mechanism supports requests at the granularity of a SIB (or group thereof).

3.4 Pre-Provisioning and Out-of-Band System Information Acquisition

In deployment scenarios where NR coverage may be served by many TRPs/NR-eNBs e.g. using beamforming, further improvements to the system information delivery beyond those proposed above may be useful. 

In deployment scenarios consisting of macro (LTE or NR) and micro (NR), where the macro provides coverage for multiple small or micro cells, it could be beneficial to deliver the system information (of both the macro and micro cells) over the macro. In this case, system information of the micro cell could be provided by the macro through Pre-Provisioning. More specifically, the system information for one or more cell(s) could be acquired while the UE may not be within the coverage of the concerned cell(s) and may be deemed valid as long as the UE stays under the coverage of the macro that provided the information or as long as the UE determines that it is within a specific area.
Proposal 10:
System information delivery supports a pre-provisioning mechanisms.
The system information could also be delivered to a UE that is either in IDLE or CONNECTED mode in a different frequency/band than the cell for which it applies i.e. by Out-of-Band provisioning. In this case, the macro and the micro cells under its coverage may be operating in different frequency/band.
For example, a UE may enter a macro cell operating on a first frequency (f1), acquire the system information of the macro cell and also the system information of two micro cells (e.g. on f2 and f3). Subsequently, when the UE moves to micro cell f2 and detects the identity of the cell e.g. by means of cell specific reference signals, it can then properly identify the applicable pre-provisioned system information. This allows faster cell access since the system information has already been pre-provisioned. Similarly, when the UE moves to micro cell f3, the UE can detect the cell identity and uses the system information specific to micro cell f3. As a result, micro cell f2 may be configured for providing URLLC type services and micro cell f3 may be configured to provide eMBB type services. Thus, Pre-Provisioning and Out-of-Band acquisition methods provides flexibility in configuring network deployments.
Proposal 11:
System information delivery supports out-of-band acquisition.
3.5 System Information Change and Update
LTE uses two mechanisms to notify a change in the system information. Firstly, it uses a concept of modification period after which the network may broadcast new / updated system information. Secondly, it uses common channel signaling (i.e. paging) to notify that a change has occurred which triggers the reacquisition of the system information. In SIB1, there is a systemInfoValueTag that indicates if a change has occurred in the SI messages. Such procedure could be further improved to avoid an additional step to read this information first and then acquire the changed part.
A mechanism that indicates which specific SIBs (or group thereof) will be changed and that enables updating using a delta from the current system information should be considered. For example, as described in previous sections, the network could initiate the process including information of which SIBs (or group thereof) are affected (if not all) triggering UEs to start the on-demand procedure if temporary reallocation of the affected SIBs to the broadcast channel is not used. The UE could then initiate a request to acquire the specific SIBs of interest.

Proposal 12:
System information delivery supports selective SIB (or group thereof) updating.

4 Conclusion

RAN2 should discuss the above and use the following observations and proposals as working assumptions for further work on system information delivery in NR Study Item for R14:
Observation 1:
Broadcast of information implies a tradeoff between the amount of transmitted information, the latency to acquire such information and the efficient use of physical resources in a cell.
Observation 2:
Broadcast of the entire system information using physical resources of the corresponding cell may not be optimal for all use cases and deployments scenarios for NR.
Proposal 1:
System Information delivery for NR supports a flexible mechanism that includes support for transmission of system information using broadcasting, using dedicated transmissions or both.

Proposal 2:
System Information Blocks (or equivalent for NR) is grouped as Primary-SI and Secondary-SI. 

Proposal 3:
Primary-SI is delivered using broadcasted transmissions.

Proposal 4:
Secondary-SI, if any, is delivered using UE-dedicated scheduled transmissions.
Proposal 5:
The system information delivery supports re-allocation of a SIB as Primary-SI or as Secondary-SI.

Proposal 6:
System information delivery supports an on-demand mechanism for SIBs that are not part of Primary-SI.

Proposal 7:
UE-initiated on-demand system information delivery is supported for SI acquisition.

Proposal 8:
Network-initiated on-demand system information delivery is supported for SI update.

Proposal 9:
On-demand mechanism supports requests at the granularity of a SIB (or group thereof).

Proposal 10:
System information delivery supports a pre-provisioning mechanisms.

Proposal 11:
System information delivery supports out-of-band acquisition.
Proposal 12:
System information delivery supports selective SIB (or group thereof) updating.
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