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Introduction
In order to allow 5G UEs which camp on the 4G network to quickly return to 5G network, legacy 4G base station needs to be upgraded to broadcast SIB24 and also a Rel-15 onwards encoded SIB1 system information. However, some legacy UEs encounter issues to decode the SIB1 message that is broadcasted by the upgraded 4G base station, which results these UEs not being able to access the 4G network and falling back to 2G mode.
In this paper, we first describe the issues found on field and propose some potential solutions to resolve the issue.
Discussion
2.1 Background
In the early stage of the 5G commercial network construction, due to the inability to guarantee the continuous coverage of 5G network, the UE and core network need to support both 5G and 4G system. When a UE moves to an area only covered by the 4G network, it camps on the 4G network through handover in RRC_CONNECTED or cell reselection in RRC_IDLE [1]. When it moves back to the 5G coverage area, it can return to system through cell reselection in RRC_IDLE or redirection in RRC_CONNECTED.
In order to allow UE to quickly return to 5G when camping on the 4G network in RRC_IDLE, SIB24 shown in fig.1 is designed to broadcast NR frequencies and reselection parameters on the 4G network. In order to enable the UE acquire the above SIB 24 message, a straightforward approach is to insert the additional scheduling information of SIB24 message into the SIB1. Therefore, some relevant sections in original SIB1 need to be updated to form a new version of SIB1. For convenience, the original SIB1 message without the SIB 24 scheduling information, is referred to type 1 broadcast message, and the updated SIB1 message is referred to type 2 broadcast message.
2.2 Issues
In order to allow 5G UEs which camp on the 4G network to quickly return to 5G network, legacy 4G base station needs to be upgraded to broadcast SIB24 and also a Rel-15 onwards encoded SIB1 system information. It is currently known that the number of mobile phones and industry modules piggybacked two specific chips having trouble with resolving the upgraded SIB1 is initially estimated to be more than 1.5 million. This kind of legacy UEs, especially for terminals in IoT, do not have upgrade capability to decode the upgraded SIB1. Therefore, the solutions we proposed fulfill the requirements of access of the legacy UEs and guarantee the 5G UEs camping on the base station to decode SIB1 acquiring SIB24 for reselection.
[bookmark: _Hlk44407841]Observation 1: In order to allow 5G UEs which camp on the 4G network to quickly return to 5G network, legacy 4G base station needs to be upgraded to broadcast SIB24 and also a Rel-15 onwards encoded SIB1 system information. 
Observation 2：It is found some legacy UEs have trouble to resolve the upgraded SIB resulting not being able to access the 4G network and falling back to 2G mode.
Observation 3: Legacy UEs, especially for terminals in IoT, do not have upgrade capability to decode the upgraded SIB1.
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Fig.1 SystemInformationBlock24 Information Element
2.3  Possible solutions
This paper proposes four possible solutions to resolve the aforementioned issues of system information acquisition, which are described as follow:
Solution 1:
1. Two types of broadcast messages are transmitted respectively in a certain initial ratio with the same periodicity in the network side. The type 2 broadcast message is still transmitted with a periodicity of 80ms. The broadcast message transmission format of solution 1 is shown as figure 2.
[image: 1]
Fig 2. Transmission Format of New Broadcast Messages (Solution 1)
2. The network side adjusts the ratio of type 1 broadcast messages and type 2 broadcast messages according to the proportion of two types of terminals (the proportion of old UEs and 5G UEs) collected in the past period of time until type 2 broadcast messages are fully applied.
3. The target base station replies to the corresponding broadcast message according to the type of UE carried by the handover request message when a handover procedure performed.
Solution 2:
[bookmark: _Hlk44321647]1. Two types of broadcast messages are transmitted alternatively with the same periodicity in the network side. The type 2 still uses a fixed periodicity of 80ms and repetitions made four times within 80ms. The first transmission position is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 1, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0. The position of type 1 broadcast messages in time domain is defined as position 1. The position of type 2 broadcast messages in time domain is defined as position 2. The broadcast message transmission format of solution 2 is shown as figure 3.
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Fig 3. Transmission Format of New Broadcast Messages (Solution 2)
2. For legacy UE, they will still receive type 1 broadcast message at position 1 according to the protocol requirements. For 5G UE, it is required to receive type 2 broadcast message at position 2 according to their capabilities.
3. The target base station replies to the corresponding broadcast message according to the type of UE carried by the handover request message when a handover procedure performed.
Solution 3:
1. Two types of broadcast messages are transmitted respectively with the same periodicity and same time domain position in the network side. Different positions are scheduled in the frequency domain. Since the frequency domain position of the broadcast message is indicated by the PDCCH, the PDCCH is scrambled using different RNTIs. For the PDCCH of type 1 broadcast messages, the SI-RNTI is used for scrambling. The position of type 1 broadcast message in frequency domain is defined as position 1. Type 2 broadcast messages use NR-SI-RNTI performs scrambling, and the position of type 2 broadcast message in frequency domain is defined as position 2. The broadcast message transmission format of solution 3 is shown as figure 4.
[image: 3]
Fig 4. Transmission Format of New Broadcast Messages (Solution 3)
2. For Legacy UE, according to the protocol requirements, SI-RNTI will still be used to identify the PDCCH to acquire type 1 broadcast message at position 1; For 5G UE, NR-SI-RNTI will be used to identify the PDCCH to acquire type 2 broadcast message at position 2.
3. The target base station replies to the corresponding broadcast message according to the type of UE carried by the handover request message when a handover procedure performed.
Solution 4:
1. The base station only broadcasts type 1 broadcast message.
2. After the UE accesses the cell, the base station identifies the type of UE
(1) For 5G UE, the type 2 broadcast message and SIB24 related information are notified by the connected RRC reconfiguration message.
[bookmark: _Hlk44108859](2) If the UE moves from RRC_CONNECTED to RRC_IDLE or a redirection from 4G to 5G in RRC_CONNECTED occurs, the type 2 broadcast message and SIB24 related information are added in RRC release information. 
3. The target base station replies to the corresponding broadcast message according to the type of UE carried by the handover request message when a handover procedure performed.

Solution 5:
Since some legacy UEs encounter issues to decode the SIB1 message with the additional scheduling information of SIB24 message, another candidate is to remove the scheduling information of SIB24 message from SIB1 to another SIB to avoid the issue. Meanwhile, it seems SIB3 is the most suitable SIB, which information is as follows:
The IE SystemInformationBlockType3 contains cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection (i.e. applicable for more than one type of cell re-selection but not necessarily all) as well as intra-frequency cell re-selection information other than neighbouring cell related.
Hence, the UE can acquire the SIB24 message according to the scheduling information listed in SIB3 without the above issue.


Fig 5. Acquisition of the scheduling information of SIB24 in the SIB3 (Solution 5)

Proposal : RAN2 is required to discuss and down select a preferable approach to address the issue of the SIB 24 information acquisition.
Conclusions
[bookmark: OLE_LINK3]Based on the discussion in the Section 2, we propose four possible proposals to resolve the issues of system information acquisition. The observations and proposal are listed below:
Observation 1: In order to allow 5G UEs which camp on the 4G network to quickly return to 5G network, legacy 4G base station needs to be upgraded to broadcast SIB24 and also a Rel-15 onwards encoded SIB1 system information. 
Observation 2：It is found some legacy UEs have trouble to resolve the upgraded SIB resulting not being able to access the 4G network and falling back to 2G mode.
Observation 3: Legacy UEs, especially for terminals in IoT, do not have upgrade capability to decode the upgraded SIB1.
Proposal: RAN2 is required to discuss and down select a preferable approach to address the issue of the SIB 24 information acquisition.
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