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Discussion and Decision
1      Introduction
SID for NR was approved in RP#71 meeting [1]. In RAN2#93bis meeting, design for system information was discussed and various enhancements were proposed. In this contribution, we investigate system information transmission for standalone NR deployment.
2      Discussion
2.1     LTE system information transmission
In LTE, SIBs are broadcasted a number of times with the same content within a modification period, no matter whether UE is receiving or not, as shown in Figure 1 below.
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Figure 1: LTE system information transmission
How frequently a SIB is transmitted is a tradeoff between overhead and access delay for UEs just entering the cell. Frequent SIB transmission is helpful to minimize interruption during mobility (either cell reselection or handover) or RRC re-establishment after RLF, at the cost of increased overhead. After initial acquisition of system information, a UE only reacquires system information from that cell if the information is changed.

2.2     Overall principle for system information transmission in NR
One potential principle for system information transmission in NR is to minimize the broadcast transmissions. Such a principle can minimize the system resource used for broadcast transmission, minimize power consumption at eNB side, and ensure forward compatibility. Such benefits can be obtained for both low and high frequency bands. For high frequency bands in particular, broadcasting information might require beam sweeping, which may incur significant overhead. Therefore minimizing broadcast transmission might be more critical for deployments in high frequency bands. However, one general question is whether standalone NR should be supported in high frequency bands, discussion of which is out of the scope of current contribution (and possibly RAN2).
Proposal 1: RAN2 to agree on the principle of minimizing the broadcast transmission of system information.
One way to implement this principle is as follows:
· Essential system information (e.g. those information that a UE needs to know before initiating RACH procedure) is broadcasted. 
· Other system information is provided to UE in a request/response manner.
There could be various ways to partition essential / non-essential system information. One example is that essential system information contains cell access related information (e.g. PLMN identity list, tracking area code, cell identity, cell barred), cell selection information, configuration for RACH etc., similar as some content in LTE MIB/SIB1/SIB2..
The procedure for system information acquisition is shown in Figure 2 below. 

· Step 1: UE acquires broadcast system information.
· Step 2: UE performs cell selection and camps on the cell for which it does not have non-essential SIBs. Note that from UE perspective, system information acquisition might be part of cell selection procedure, and UE may further acquire some essential system information after cell selection and camping. This depends on how essential system information is transmitted (e.g. whether there are separate SIB1 and SIB2 transmissions as in LTE) and such details will not be discussed further in this contribution.
· Step 3: UE initiates random access procedure.

· Step 4: UE acquires non-essential system information. Note that it is not necessary for UE to transit to RRC_CONNECTED to acquire the system information. A lightweight procedure might be designed to acquire non-essential system information. There are different options on how non-essential system information is transmitted, and joint study with RAN1 is needed.
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Figure 2: Procedure for system information acquisition

Proposal 2: RAN2 to study on the approach of provisioning non-essential system information in request/response manner.

However, using request/response for all scenarios may not be optimal and these are discussed further below. 
2.3     System information update

In LTE, for RRC_IDLE and for PCell in RRC_CONNECTED, UE checks system information update either based on systemInfoValueTag, or systemInfoModification in Paging transmitted in previous modification period. For SCells in RRC_CONNECTED (including PSCell in DC), updated system information is provided to UE in dedicated RRC signalling.
For system information update in standalone NR, one question is whether to still apply the principle of on-demand provisioning of non-essential system information. There are some drawbacks of applying on-demand provisioning for the update of non-essential system information:

· Requiring a UE to send a request for system information update increases UE power consumption. However, considering that system information is not updated frequently, this might not be a serious issue.

· When system information update is required, if all UEs send a request to get the updated system information, there might be network congestion issue. However whether simultaneous update from all UEs is required or not might dependent on the characteristics of related system information. For example, cell reselection information is mainly used for load balancing, and it might be OK for UE to use old system information for a while before using the new information. For some system information (e.g. MBMS related system information), it might be desirable for UE to always use the most up-to-date system information to avoid configuration mismatch.

From the above discussion, it might be necessary that for the update of non-essential system information, a broadcast mechanism is used to minimize UE power consumption and to avoid network congestion.
In Figure 3 below, the transmission mechanisms for system information are illustrated. Essential system information is broadcasted in NR, just as in LTE. Non-essential system information is only broadcasted for system information update, and is provisioned in on-demand manner in other cases. 
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Figure 3: System information transmission and update in NR

Proposal 3: RAN2 to discuss how system information update is handled for non-essential system information.
2.4     Cell reselection

In LTE, if a UE reselects to a cell in the same tracking area, the UE just re-acquires SIBs without any UL action. For NR, if the principle of on-demand provisioning of non-essential system information is still applied for cell reselection, then the UE should send UL request after cell reselection, even within same tracking area. This might not be desirable from UE power consumption perspective. Similar as the discussion in system information updates, the on-demand provisioning of system information is beneficial from network perspective (e.g. power consumption as discussed in section 2.2), but might have a negative impact on UE power consumption to transmit the request.
One potential solution is that non-essential system information can include cell specific information of other cells e.g. cells within the same tracking area. To save signaling overhead, system information can be categorized with PLMN/Tracking Area specific information and cell specific information. Note that in UMTS, most SIBs are categorized as cell scope, with some SIBs categorized PLMN or Equivalent PLMN scope (e.g. GNSS assistance data and predefined RB/TrCH/PhyCH). With the transmission of cell specific information of other cells, the UE only needs to re-acquire system information when moving to a different tracking area. However this solution increases the overhead of system information. Therefore whether SIB includes cell specific information of other cells depends on the tradeoff of signaling overhead, latency, and UE power consumption.

Proposal 4: RAN2 to discuss how UE acquires non-essential system information after cell reselection.
3      Conclusion
In this contribution, we investigate system information transmission for standalone NR deployment, and propose the following:
Proposal 1: RAN2 to agree on the principle of minimizing the broadcast transmission of system information.
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Proposal 2: RAN2 to study on the approach of provisioning non-essential system information in request/response manner.

Proposal 3: RAN2 to discuss how system information update is handled for non-essential system information.
Proposal 4: RAN2 to discuss how UE acquires non-essential system information after cell reselection.
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