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1 Introduction
In this document we discuss the principles for system information delivery in NR.
2 Discussion
2.1 Improvement for broadcasting system informationIn current LTE system, the mechanism for system information delivery in a cell is to subdivide all the system information into a MIB and a number of System Information Blocks (SIBs) and then broadcast the blocks periodically, with different periods. If the same mechanism is reused in NR, some drawbacks are expected, as shown in [1] [2]. For example, periodic broadcasting for system information is not efficient in the following scenarios:
· All system information is still periodically broadcast even if all the UEs have acquired the system information and no new UE moves into the cell.
· Feature specific system information is periodically broadcast even though only a few or no UEs require the information in the cell.
· If beamforming technology is used, because the overhead for broadcasting system information increases significantly due to the beam sweeping procedure.
At RAN1#84bis, RAN1 came to an agreement to minimize transmission of always-on signals in order to improve the network and UE energy efficiency. This principle should also be applicable for the periodical system information broadcast delivery.
The broadcasting of system information is always essential for a radio access system. To overcome the shortcomings of the mechanism for system information delivery in LTE and minimize the broadcast system information, a possible approach is to classify the system information into essential system information and non-essential system information, periodically broadcast only the essential part and deliver the non-essential part on demand to the UEs. Some similar approaches were also proposed in [1], [4], [5], [6], [7], [8] and [9]. 
Proposal 1: Classify the system information into essential system information and non-essential system information. Essential system information should be periodically broadcast while non-essential system information could be sent on demand to the UEs.
Regarding the classification of the system information in NR, the essential system information should at least enable UEs to detect and camp on a cell and know how to initially access a cell. In addition, as proposed in [2], the information related to cell reselection for idle UEs should be included in the essential system information, to avoid on demand acquisition after each cell reselection. So the essential part should at least include:
· Physical layer parameters for initial access (equivalent to MIB in LTE);

· SIB1 and SIB2 equivalent;

· Information related to cell reselection for idle UEs.
All of the other system information could be defined as non-essential system information. 
Proposal 2: the essential system information should at least include the physical layer parameters for initial access (equivalent to MIB in LTE), the equivalent of SIB1 and SIB2 in LTE and the information related to cell reselection for idle UEs.
2.2 Delivery of the essential system information
For macro cell deployments the basic mechanism to deliver the essential system information should be similar as in LTE, i.e. the macro cell should periodically broadcast the essential system information. In heterogeneous network scenarios with an overlay macro cell (for coverage and control) and a number of underlying small cells (for capacity and throughput), one potential approach to further alleviate the energy consumption of the network and to improve the radio resource efficiency is to group together the essential system information of multiple high frequency small cells (or at least part of them) and deliver them through periodical broadcast from the overlay macro cell, as illustrated in figure 1. The essential system information of multiple underlying cells could be constructed into a System Information Table (SIT), with an entry (containing all the relevant parameters) for each underlying cell. A UE would then deduce the essential system information of the relevant cell by looking at the right entry, e.g. according to an index related to the synchronization signal of the relevant cell. Similar concepts have been discussed/proposed in [5], [7] and [8]. One of the advantages of the proposal is that in case multiple underlying cells share some of the essential system information, it should also be possible to group them in a common/shared part in the SIT.
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Figure 1. Delivery of essential system information via an overlay cell.
Proposal 3: Besides the basic mechanism where essential system information of a cell is periodically broadcast by the cell itself, broadcast delivery of (some) essential system information for (multiple) underlying cell(s) via an overlay cell should be optionally supported in NR.
Proposal 3b: The essential system information of (multiple) underlying cell(s) could be constructed into a System Information Table (SIT), with an entry (containing all the relevant parameters) for each underlying cell.
Proposal 3c: In case multiple underlying cells share some of the essential system information, it should also be possible to group them in a common/shared part in the SIT.

If proposal 3 is agreed, the delivery of essential system information could be different for UEs in the overlay cell and in underlying cells. UEs in coverage of the overlay cell would get essential system information from the overlay cell itself. For UEs in the coverage both of an overlay cell and an underlying cell, the delivery of essential system information needs further consideration.

Currently it is still under discussion whether a new RRC inactive state or a new inactive sub-state of RRC connected will be introduced for UEs in NR. According to the conclusions of previous studies, a balanced UE distribution in both idle and connected modes (including a new RRC inactive state or a new inactive sub-state of RRC connected) is of utmost importance for multi carrier deployments. In the following different cases with will discussed, taking this requirement into account. 

Case 1: No new RRC (sub)states for NR
In this case, delivery of essential system information can be described through the following steps and illustrated in figure 2:
① A UE powering on (or coming back from out-of-coverage) in coverage both of an overlay cell and an underlying cell could first attempt to select the underlying cell, if the synchronization signal of such cell is better than for the overlay cell. But then the UE would not be able to acquire the essential system information from such cell;

①’ The UE would then search for another cell, finding the overlay cell. This step could be accelerated by indicating whether essential system information is broadcast in the underlying cell and, if not, where to search the related overlay cell;

② The UE acquires the essential system information for the overlay cell and underlying cells from the overlay cell;

③ The UE performs the cell reselection process according to new NR rules for cell reselection.

④ The outcome of the cell reselection process could be that the UE returns to and camps on the underlying  cell. To allow this, camping on a cell not broadcasting essential system information should be supported in NR.
④’ Alternatively (e.g. if camping on a cell not broadcasting essential system information will not be supported) the UE will continue to camp on the overlay cell. This could lead to an unbalanced UE distribution and should not be promoted.
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Figure 2. Delivery of essential system information in an overlay/underlay scenario (no new RRC (sub)states for NR)
Case 2: A new RRC inactive state or a new inactive sub-state of RRC connected is introduced in NR  
In this case, delivery of essential system information can be described through the following steps and illustrated in figure 3:
① A UE powering on (or coming back from out-of-coverage) in the coverage both of an overlay cell and an underlying cell could first attempt to select the underlying cell, if the synchronization signal of such cell is better than for the overlay cell. But then the UE would not be able to acquire the essential system information from such cell;

①’ The UE would then search for another cell, finding the overlay cell. This step could be accelerated by indicating whether essential system information is broadcast in the underlying cell and, if not, where to research the related overlay cell;

② The UE acquires the essential system information for the overlay cell and underlying cells from the overlay cell;

③ Depending on detailed procedures for the new RRC (sub)state it might happen that the UE is mandated to establish a RRC connection and possibly acquire the non-essential system information.  

④ The UE might then be reconfigured to the RRC inactive (sub)state for energy efficiency.

⑤ The UE may be reconfigured to go back to the underlying cell . To allow this, being served by a cell not broadcasting essential system information should be supported.
⑤’ Alternatively (e.g. if being served by a cell not broadcasting essential system information will not be supported) the UE may be reconfigured to stay in the overlay cell. This could lead to an unbalanced UE distribution and should not be promoted.
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Figure 3. Delivery of essential system information in an overlay/underlay scenario (new RRC (sub)state for NR)
In conclusion, delivery of essential system information of underlying cell(s) via an overlay cell seems feasible. No major issue is expected in terms of access latency, also considering that the described procedures are only expected to occur when the UE is powered on or back from out-of-coverage. To allow this, we basically need to ensure that camping on (or being served by) a cell not broadcasting essential system information will be supported in NR and that NR rules for cell reselection will cover this.
Proposal 4: NR rules for cell reselection should allow/encourage a UE to camp on a cell not broadcasting essential system information, once the essential system information are received via an overlay cell.
Since the number of the underlying (small) cells may vary a lot in different situations, the capacity of the multi-cell system information delivery should be scalable. With reference to the approach used in LTE for system information delivery, the multi-cell list of essential system information (SIT) can be divided into multiple blocks: the most essential part for the overlay/host cell (periodically broadcasting the SIT) can be broadcast like MIB, the remaining essential system information of the overlay/host cell and all the essential system information for other underlying cells would be broadcast like SIBs in LTE. 

Proposal 5: The multi-cell list of essential system information (SIT) should be delivered in multiple blocks with different periodicities: the most essential part of the host cell will be delivered like MIB in LTE, and the remaining part will be delivered like SIBs in LTE. 
2.3 Delivery of the non-essential system informationFor the on-demand non-essential system information delivery, both broadcast and dedicated signalling should be used for different situations. For example, dedicated signalling is more suitable for UEs to initially acquire the UE specific non-essential system information while broadcasting on demand is more suitable for the network to update the non-essential system information for all UEs in a cell. Broadcasting for the non-essential system information can also alleviate the dedicated requests from UEs. Moreover, the LTE SIB structure can be reused for non-essential system information delivery and the mechanism based on paging and scheduling window in LTE can be reused for on-demand broadcast.
Proposal 6: Both broadcast and dedicated signalling will be supported for on-demand system information delivery.
3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: Classify the system information into essential system information and non-essential system information. Essential system information should be periodically broadcast while non-essential system information could be sent on demand to the UEs.
Proposal 2: the essential system information should at least include the physical layer parameters for initial access (equivalent to MIB in LTE), the equivalent of SIB1 and SIB2 in LTE and the information related to cell reselection for idle UEs.
Proposal 3: Besides the basic mechanism where essential system information of a cell is periodically broadcast by the cell itself, broadcast delivery of (some) essential system information for (multiple) underlying cell(s) via an overlay cell should be optionally supported in NR.
Proposal 3b: The essential system information of (multiple) underlying cell(s) could be constructed into a System Information Table (SIT), with an entry (containing all the relevant parameters) for each underlying cell.
Proposal 3c: In case multiple underlying cells share some of the essential system information, it should also be possible to group them in a common/shared part in the SIT.

Proposal 4: NR rules for cell reselection should allow/encourage a UE to camp on a cell not broadcasting essential system information, once the essential system information are received via an overlay cell.
Proposal 5: The multi-cell list of essential system information (SIT) should be delivered in multiple blocks with different periodicities: the most essential part of the host cell will be delivered like MIB in LTE, and the remaining part will be delivered like SIBs in LTE. 
Proposal 6: Both broadcast and dedicated signalling will be supported for on-demand system information delivery.
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