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Introduction
[bookmark: _Ref178064866]At the RAN2#97 meeting it was agreed that “system information valid in one cell may be valid also in other cells”. Still different cells need to have at least some parameters that are different in the broadcasted minimum SI, such as PRACH sequence index. This is discussed in [1].
Therefore, there is a need to encode the broadcasted minimum SI related to different cells without forcing all parameters to be identical; or without duplicating every parameter in every SIB in case the minimum SI contains SI related to more than one cell.
If we allow the broadcasted minimum SI to contain SI related to more than one cell, then we need a method of indicating to the UE which parts of the SI that corresponds to which cell. And we need a way to efficiently encode information that is very similar. If we would e.g. provide one copy of each SIB for each cell, it would result in a large amount of duplication of parameters. To avoid this, we need to introduce an encoding method that does not result in excessive duplication of parameters that are the same in different cells. In this paper we discuss and propose a method to avoid such duplication.
Discussion
If done right, the additional cost of providing the UE with SI related to one additional beam, one additional cell, or one additional configuration, can be made very small in many deployments. 
When the broadcasted SI contains information valid in more than one cell the UE needs one or more identifiers in the encoded SI that indicates for which cell a part of the SI corresponds to. A similar method used to encode SIB-variants valid in different cells can be used to encode SI-variants valid in different beams or to encode different SI for different cell states, e.g. related to access barring. For further details on indexing of system information, see [1].
[bookmark: _Toc473125245][bookmark: _Toc473888847][bookmark: _Toc473888888][bookmark: _Toc473933407][bookmark: _Toc473934319]One straightforward way to encode system information where only a small number of parameters have different values, e.g. for different PCIs, different beams, or different system information configuration indexes (SICI) is to first encode the common parameters jointly and then encode the parameters that are different separately. This is a very efficient way of avoiding duplication of parameters and only explicitly encoding parameters that differs for different PCI-values, beam-indexes, and/or system information configuration indexes (SICI).
[bookmark: _Toc477785945][bookmark: _Toc478168063][bookmark: _Toc478168751][bookmark: _Toc480977390][bookmark: _Toc480977412][bookmark: _Toc481657052][bookmark: _Toc481657080][bookmark: _Toc481657366][bookmark: _Toc481738672][bookmark: _Toc481739100][bookmark: _Toc481739108][bookmark: _Toc481872966]The encoding of the SIBs relating to different cells, beams or SI configurations is done in a way that avoids duplication of parameters with identical values. Common parameters are encoded jointly and only parameters that differ are explicitly encoded separately.
Detailed example of NR-SIB1 encoding
In this example we will provide a concrete example of how the NR-SIB1 may be efficiently encoded in order to support different levels of indexing on different levels (e.g. on beam, PCI, SI configuration, and PLMN ID level).
Taking NR-SIB1 as an example we may e.g. encode that information as depicted in Figure 1.
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[bookmark: _Ref480974348]Figure 1: Example of separation of SI parameters into a common part and different specific parts.
Referring to Figure 1 we note that encoding of “common parts” are done in NR-SIB1-Common. Example of information that could be encoded here are the PLMN ID List, a PCI-list (listing all cells in the system information area), and all parameters that do not depend on any beam, cell, or SI configuration indexes.
System information that depend on a system information configuration index (SICI) are encoded in an SICI-Specific-NR-SIB1 part. Example of parameters that are not PCI and beam-dependent but depend on a SICI defined in a system information area are access barring parameters. This enables the NR network to define different access barring parameters that can quickly be activated in any cell within the system information area. If the SICI is used in more than one NR-SIB then the index space of SICI must allow for all “combinations”.
[bookmark: _Toc481657367][bookmark: _Toc481738673][bookmark: _Toc481739101][bookmark: _Toc481739109][bookmark: _Toc481872967]NR-SIBs may contain an optional SICI-specific part.
Cell specific parameters are encoded in a PCI-Specific-NR-SIB1 part. For example, some of the PRACH parameters (e.g. PRACH root sequence index) and other cell specific parameters (e.g. cell Identity) can be encoded in this part.
[bookmark: _Toc481657368][bookmark: _Toc481738674][bookmark: _Toc481739102][bookmark: _Toc481739110][bookmark: _Toc481872968]NR-SIBs may contain an optional PCI-specific part.
Per beam encoding of “Beam parts” are done in SSBI-Specific-NR-SIB1, where SSBI denotes SS Block Index. This enables an efficient definition of selective PRACH parameters in different beams (e.g. different PRACH time windows and/or PRACH pre-amble sets).
[bookmark: _Toc481657369][bookmark: _Toc481738675][bookmark: _Toc481739103][bookmark: _Toc481739111][bookmark: _Toc481872969]NR-SIBs may contain an optional SSBI-specific part.
In case the SI is valid for multiple PLMN IDs the PLMN ID specific parameters can be specified in PLMNID-Specific_NR-SIB1. Examples of parameters to encode in this field are tracking area code and cell ID in case they are to be defined differently for different PLMN IDs. For details on network sharing, please refer to [2].
[bookmark: _Toc481657370][bookmark: _Toc481738676][bookmark: _Toc481739104][bookmark: _Toc481739112][bookmark: _Toc481872970]NR-SIBs may contain an optional PLMNID-specific part.
Note that in most cases not all the specific parts discussed above are always needed. Which SIBs that can contain different index-specific parts, and which parameters that can be defined in this way, requires further discussion. 
Example of Other SI encoding
Indexing of other SI follows same pattern as indexing of minimum SI, e.g. by defining one common part and zero or more index dependent parts. Not all SIBs will need to have all XXX-Specific-NR-SIBX parts (XXX= {PLMN ID, SICI, PCI, SSBI}) discussed above. For example, in case a certain NR-SIBX have one parameter (denoted param1 in Figure 2) that depends on the PCI we may encode that SIB as 
NR-SIBX = NR-SIBX-Common + PCI-Specific-NR-SIBX.

[image: ]
[bookmark: _Ref480977045]Figure 2: Example of other SI encoding for multiple cells in the system information area.
In the example provided in Figure 2 we may encode the actual value of the parameter Param1 only in the first row of the PCI-Specific-NR-SIBX. Sub-sequent rows may be encoded using fewer bits if we relate the encoding to the previous row, as exemplified with the “+=” notation in Figure 2. If an increment of +1 in a table row may be encoded with a single bit (“1”) while a new value may be encoded with one additional bit (“0” + new_value”). In the example in Figure 2 we can encode 3 versions of the PCI-specific-NR-SIBX valid for 3 different cells (PCIs 17, 18, and 19) by using only 2 additional bits (a single bit “0” representing “+=1” for each additional row).
[bookmark: _Toc481738739][bookmark: _Toc481872971]The index specific parts of an NR-SIB may be further compressed by encoding only the difference from the previous index, as exemplified with the “+=” notation in Figure 2.
Conclusion
Based on the discussion above we propose the following:
Proposal 1	The encoding of the SIBs relating to different cells, beams or SI configurations is done in a way that avoids duplication of parameters with identical values. Common parameters are encoded jointly and only parameters that differ are explicitly encoded separately.
Proposal 2	NR-SIBs may contain an optional SICI-specific part.
Proposal 3	NR-SIBs may contain an optional PCI-specific part.
Proposal 4	NR-SIBs may contain an optional SSBI-specific part.
Proposal 5	NR-SIBs may contain an optional PLMNID-specific part.

In this paper we have also made the following observation(s): 
Observation 1	The index specific parts of an NR-SIB may be further compressed by encoding only the difference from the previous index, as exemplified with the “+=” notation in Figure 2.
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