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Introduction
At the RAN2#98 meeting the following was agreed in relation to minimum SI.
Agreements
There will be at least a value tag and area ID
-	value tag is associated to each SIB
-	value tag can be valid in only one cell or when combined with an area ID to be valid in more than one cell.

FFS whether the area ID and valuetag is separately signalled or as a single identifier

FFS whether the area ID is associated to each SIB/ SI message or associated to a group of SIBs/ SI messages or all SIBs/ SI messages.

[bookmark: _Hlk485434017][bookmark: _GoBack]RAN2 has received an LS from RAN1 in R2-1706304 (R1-1709789), capturing RAN1 agreements on the content of the NR-PBCH (NR-MIB) and with questions to RAN2 on the higher layer contents of the NR-PBCH (NR-MIB).
A high-level overview of the minimum SI transmission in accordance with current RAN2 and RAN1 agreements is depicted in Figure 1. Note that the figure only depicts the components of the minimum system information and not the mapping to physical resource elements.
The SS Blocks are transmitted with a maximum periodicity of 20 ms (for stand-alone NR operation). The SS Block consist of the synchronization signals NR-PSS and NR-SSS which also provide the physical cell identity (PCI). The SS Block also contain the NR-PBCH from which the NR-MIB is received.
In this contribution, we will discuss and propose what information elements that the NR-MIB shall contain, as addressed by the LS from RAN1. In Figure 1 it is indicated that the NR-MIB provides a configuration for the NR-PDCCH scheduling the remaining minimum SI (RMSI) e.g. NR-SIB1. A draft reply LS to RAN1 on the NR-PBCH content based on the discussions in this paper is found in [4].
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[bookmark: _Ref484159691]Figure 1: Overview of minimum system information in NR. 

[bookmark: _Ref178064866]Discussion
In Figure 2 we show an overview of the information elements we propose to be included in NR-MIB.
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[bookmark: _Ref484160253]Figure 2: Proposed content of the NR-MIB.

SFN bits: RAN1 has agreed at the NR AdHoc#1 meeting that “NR-PBCH contents shall include at least part of the SFN (system frame number)”. At RAN1#89 it was further agreed that the part of the SFN that is signaled in NR-MIB shall be in the range of 7-10 bits. No need has been identified for adding additional SFN-bits (H-SFN) to the NR-MIB. They may instead be signaled in the NR-SIB1, just as in LTE.
[bookmark: _Toc484163481][bookmark: _Toc484165949]RAN1 has agreed that the NR-MIB contains a SFN field in the range of 7-10 bits.

SI ValueTag: RAN2 has agreed that the minimum SI will be associated with a ValueTag. To enable UEs that have already acquired NR-SIB1 to verify that the stored SI is valid we propose to include the ValueTag in NR-MIB. By including the valueTag in NR-MIB the UE would in many cases when it needs to check the system information version, e.g. at cell change within the same system information area or at changes of SI where the UE already has stored the “new” SI version, only need to read the SS Block. This will decrease the UE power consumption.
Adding the needed validity information in the NR-MIB also allows for deployments where a cell only transmits the SS Block and UEs have received the NR-SIB1 from another cell.
The length of the system information ValueTag in LTE-SIB1 is 5 bits. For NR we propose to use a smaller number of bits since we also propose to introduce a separate “system information configuration field”, see [5]. The SI ValueTag in NR-MIB covers changes of NR-SIB1 content including any perSIB-ValueTags related to other SI. It does not cover changes in any broadcast flags related to on-demand SI.
[bookmark: _Toc484163482][bookmark: _Toc484165950][bookmark: _Toc484685448][bookmark: _Toc484695926][bookmark: _Toc484722173][bookmark: _Toc485199114][bookmark: _Toc485199157][bookmark: _Toc485381857][bookmark: _Hlk484172695][bookmark: _Toc485433690][bookmark: _Toc485434559]The NR-MIB contains a SI ValueTag field.
[bookmark: _Toc485199115][bookmark: _Toc485199158][bookmark: _Toc485381858][bookmark: _Toc485433691][bookmark: _Toc485434560]The SI ValueTag field in the NR-MIB consists of 4 bits.

SI Configuration Index (SICI): RAN2 has discussed indexing of both minimum and other system information. It has e.g. been discussed if the ValueTag can be used as an index of system information configurations. We believe that it is beneficial to have a separate field for the system information ValueTag and the system information configuration index. The reason is that in case a network has configured a set of system information configuration indexes for one or more SIBs to be valid in a system information area or in a cell, then whenever another SIB changes, which may be unrelated to the indexing, these configurations must all be re-defined and the associated valueTags could then not be used until the associated timers have all expired.
If the ValueTag is used for indexing of system information configurations then we need a new mapping of ValueTags to SI configurations even when the change did not affect the SIBs that were indexed. Therefore, by mixing the functions provided by a ValueTag (indicating that the stored system information is valid) and a configuration index (indicating which pre-define configuration of a particular SIB that currently applies) unwanted dependencies are created. These are easy to avoid if we instead have the ValueTag and the system information index as separate fields. For this reason, we propose that the NR-MIB contains a separate SI configuration index. By including the SI Configuration Index (SICI) in the NR-MIB, the UE can determine what SI configuration that is currently valid by just checking the SS Block, i.e. without reading NR-SIB1.
By including the SICI in the NR-MIB, it is possible to change between different SI configurations with a minimum impact to the UE power consumption, since the UE only would need to check the SS Block as long as it has already stored the different configurations.
The number of configuration indexes is proposed to be 4 bits. It also allows for e.g. up to 16 pre-defined access barring configurations in case the SICI is used only for this purpose. Note that un-defined SI configurations can also used to trigger the UE to read NR-SIB1 again. The combination of a 4 bit valueTag and a 4 bit SICI fields allows for more code-points when changing the system information and when indexing stored system information (as discussed further in [5]).
[bookmark: _Toc484163485][bookmark: _Toc484165953][bookmark: _Toc484685451][bookmark: _Toc484695929][bookmark: _Toc484722176][bookmark: _Toc485199118][bookmark: _Toc485199161][bookmark: _Toc485381861][bookmark: _Hlk484172751][bookmark: _Toc485433692][bookmark: _Toc485434561]The NR-MIB contains a SI Configuration Index field.
[bookmark: _Toc485199119][bookmark: _Toc485199162][bookmark: _Toc485381862][bookmark: _Toc485433693][bookmark: _Toc485434562]The SI Configuration Index field in the NR-MIB consists of 4 bits.

[bookmark: _Hlk484172823]SI Area ID (SID): RAN2 has agreed that the minimum SI will contain an area ID. As mentioned above for the valueTag, by including the area ID in the NR-MIB we can support (e.g. non-standalone) deployments where some gNBs only transmit the SS Block and don’t transmit any NR-SIB1. The SID need to be locally unique, just as the PCI, and we propose that the SID has the same address space as the PCI e.g. 10 bits. This also enables (should RAN1 decide so) to use the SID to define the DMRS and scrambling for the physical channels (NR-PDCCH/NR-PDSCH) used to provide NR-SIB1, see [1]
[bookmark: _Toc484163486][bookmark: _Toc484165954][bookmark: _Toc484685452][bookmark: _Toc484695930][bookmark: _Toc484722177][bookmark: _Toc485199120][bookmark: _Toc485199163][bookmark: _Toc485381863][bookmark: _Hlk484172770][bookmark: _Toc485433694][bookmark: _Toc485434563]The NR-MIB contains a SI Area ID (SID) field.
[bookmark: _Toc485199121][bookmark: _Toc485199164][bookmark: _Toc485381864][bookmark: _Toc485433695][bookmark: _Toc485434564]The SI Area ID (SID) field in the NR-MIB consists of 10 bits.

NrPdcchConfigSib1: The exact content of this field is for RAN1 to decide. In an accompanying RAN1 paper [1] we discuss this field in more detail. The nrPdcchConfigSib1 field should provide information to the UE indicating if the transmission of NR-SIB1 is quasi co-located (QCL) with the transmission of SS Block or not. It should also provide information related to any signal that the UE can use to assist the reception of the NR-PDCCH in case the SS Block cannot be used for this purpose. Furthermore, the configuration should determine if the NR-PDCCH/NR-PDSCH providing NR-SIB1 uses DMRSs derived from the PCI or from the SID. Also, the CORSET used for the NR-PDCCH shall be defined, see [1].
[bookmark: _Hlk484175193]Spare Bits: Since 5G-NR is based on ultra-lean design we can easily extend the system in the future by adding additional signals, something that is not as straightforward to do in LTE. For this purpose, we propose that NR-MIB does not contain as many “spare bits” (as in LTE) but rather that the NR-MIB contains at least one single “extension bit” that can be defined in a future release.
[bookmark: _Toc484165956][bookmark: _Toc484685454][bookmark: _Toc484695931][bookmark: _Toc484722178][bookmark: _Toc485199122][bookmark: _Toc485199165][bookmark: _Toc485381865][bookmark: _Toc485433696][bookmark: _Toc485434565]The NR-MIB contains at least one “spare bit / extension bit” that may or may not be defined in a future release.
[bookmark: _Toc473620221][bookmark: _Toc473620234][bookmark: _Toc473889700][bookmark: _Toc473296731][bookmark: _Toc473297286][bookmark: _Toc473296732][bookmark: _Toc473297287][bookmark: _Toc473296734][bookmark: _Toc473297289][bookmark: _Toc473282434][bookmark: _Toc473296735][bookmark: _Toc473297290][bookmark: _Toc473282442][bookmark: _Toc473296743][bookmark: _Toc473297298]Conclusion
[bookmark: _Hlk484175336]Based on the discussion in section 2 we propose the following:
Proposal 1	The NR-MIB contains a SI ValueTag field.
Proposal 2	The SI ValueTag field in the NR-MIB consists of 4 bits.
Proposal 3	The NR-MIB contains a SI Configuration Index field.
Proposal 4	The SI Configuration Index field in the NR-MIB consists of 4 bits.
Proposal 5	The NR-MIB contains a SI Area ID (SID) field.
Proposal 6	The SI Area ID (SID) field in the NR-MIB consists of 10 bits.
Proposal 7	The NR-MIB contains at least one “spare bit / extension bit” that may or may not be defined in a future release.
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