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Discussion and Decision
1      Introduction
In RAN2#95 meeting, following was agreed regarding minimum SI:
..

3: Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).

4: Minimum SI needs to be broadcasted periodically.

5: Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell.
… 

In RAN2#95bis meeting, following was agreed regarding minimum SI:
1: 
In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs
…
In RAN2#96 meeting, following was agreed regarding minimum SI:
1: 
For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).

2: 
There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 

3:
If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.

4
Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.

1: 
The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.

2:
UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.

…
4: 
The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 

…
In LS R1-1613692 [2], RAN1 informs the latest agreement (copied in Annex A for convenience) and asks RAN2 to clarify
· the contents and RAN2 preferred size of minimum system information 
· whether it can be delivered by on demand. 
In this contribution, we estimate the size of the minimum SI and the relationship with delivery mechanism in RAN1.
2      Discussion
2.1     Content of minimum SI
From RAN2 agreements, minimum SI contains at least the following:
· Basic information for initial access to the cell 
· Information for Other SIs available and scheduling information for other SIs 
· Other SIs available in the cell, including the SIB type and validity information.
· Scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information.
As to the size estimation of minimum SI, firstly it should be emphasized that the size of minimum SI is variable, not fixed. The reason is that for flexibility, there are many optional fields and variable-length data structures (e.g. lists) in the system information. For example, one cell access related information is PLMN list (IE plmn-IdentityList in LTE SIB1), and a list of PLMNs (up to 6) can be provided for PLMN selection. Another example is the scheduling information of SIBs (IE schedulingInfoList in LTE SIB1). As the set of SIBs broadcasted in a cell depends on the features supported in the cell, such scheduling information is variable as well.
Observation 1: The size of minimum SI is variable.
The detailed content of minimum SI is a stage-3 issue, as such content depend on the discussion results from RAN2, RAN1, and other WGs. Below we use LTE for a rough estimate. According to RAN2 agreements discussed above, minimum SI at least includes initial access information and scheduling information. This roughly corresponds to LTE MIB, SIB1 and SIB2. 
Based on the RAN5 test case for LTE, rough estimation is that SIB1 and SIB2 are 107 and 110 bits respectively (TS 36.508 section 4.4.3.2 and 4.4.3.3). This only corresponds to the low end of the estimation of SIB1 and SIB2, while actual SIB1 and SIB2 content could be much larger if more information is signaled. MIB has 14 information bits and 10 bits padding before Rel-13. Therefore using LTE as a reference, minimum SI has roughly the size of 14+107+110=231 bits. Note that above discussion does not take into account index based approach, which is still under discussion in RAN2.
Observation 2: The minimal size of minimum SI is around 200 bits, using LTE as a reference.
Proposal 1: If Observation 1 and Observation 2 are agreeable, RAN2 sends an LS to RAN1. In Annex B, a draft reply to RAN1 LS is provided.

2.2     Minimum SI transmission mechanism
Regarding the relationship of NR-PBCH and minimum SI, RAN1 has considered two alternatives ([2], also in Annex A): 
· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH

· Alt. 2: NR-PBCH carries all of minimum system information

To select between Alt. 1 and Alt. 2, the key question is the comparison between NR-PBCH capacity and the size of minimum SI. From contributions submitted to RAN1#87 meeting ([3]

 REF Ref_RAN1_QC \h 
[4]

 REF Ref_RAN1_Nokia \h 
[5]), it can be seen that the maximum NR-PBCH capacity investigated so far by companies in RAN1 is 70 bits. Considering that the minimal size of minimum SI is around 200 bits, it is very challenging to carry all of minimum SI in NR-PBCH (Alt. 2 above).
Although the final decision of the down selection between Alt. 1 and Alt. 2 is up to RAN1, it seems reasonable to assume that NR-PBCH only carries a part of minimum SI (i.e. Alt. 1) given above discussion.
Observation 3: Considering the minimal size of minimum SI and the expected RAN1 assumption on NR-PBCH capacity, it is reasonable to assume that NR-PBCH can carry a part of minimum SI.
Now the question is which part of minimum SI? In RAN2#96 meeting, it was agreed that “Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.” For the convenience of discussion, let’s denote such “some contents of the minimum system information” that should be broadcasted by “each cell on which UE is allowed to camp” as essential SI. Then it is natural that NR-PBCH carries essential SI.
With NR-PBCH carries part of minimum SI (essential SI), other part of minimum SI can be carried by other channel(s). Whether other channel is indicated by NR-PBCH or not (Alt 1-1 vs. Alt 1-2) is purely up to RAN1. In addition, whether other channel is a secondary broadcast channel or shared downlink channel similar to e.g. NR-PDSCH is also purely up to RAN1.

In summary, the design of minimum SI in NR is similar to MIB/SIB1/SIB2 in LTE, as in Figure 1 below. NR-PBCH carrying essential SI is similar to PBCH carrying MIB in LTE. Other minimum SI is transmitted in other channel(s).
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Figure 1: Comparison of SI transmission in LTE and NR
Proposal 2: Essential SI (Part of minimum SI that must be broadcasted by each cell on which a UE can camp) is transmitted in NR-PBCH. Other minimum SI is transmitted in other channel(s).
The next question is what should be carried in essential SI. Since it is highly likely that NR-PBCH has a fixed capacity just as PBCH, the content of essential SI should be within the capacity of NR-PBCH, and it is preferable not to contain dynamic fields (e.g. variable length arrays) which might exceed NR-PBCH capacity. One starting point is the content of MasterInformationBlock in LTE as below:
MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),

schedulingInfoSIB1-BR-r13


INTEGER (0..31),

spare







BIT STRING (SIZE (5))

}

There are several fields in MasterInformationBlock related to RAN1 design (e.g. dl-Bandwidth and phich-Config). It is expected that for NR, RAN1 may also determine certain fields that need to be carried in NR-PBCH. From RAN2 perspective, the relevant content is System Frame Number (SFN) and potentially certain scheduling information. The size of SFN can be discussed further in WI phase. 
Proposal 3: Essential SI contains at least the System Frame Number. RAN1 may also determine certain fields that need to be carried in Essential SI.
3      Conclusion
In this contribution, we estimate the size of the minimum SI and the relationship with delivery mechanism in RAN1. We have the following observations:

Observation 1: The size of minimum SI is variable.
Observation 2: The minimal size of minimum SI is around 200 bits, using LTE as a reference.
Observation 3: Considering the minimal size of minimum SI and the expected RAN1 assumption on NR-PBCH capacity, it is reasonable to assume that NR-PBCH can carry a part of minimum SI.
We propose the following:
Proposal 1: If Observation 1 and Observation 2 are agreeable, RAN2 sends an LS to RAN1. In Annex B, a draft reply to RAN1 LS is provided.
Proposal 2: Essential SI (Part of minimum SI that must be broadcasted by each cell on which a UE can camp) is transmitted in NR-PBCH. Other minimum SI is transmitted in other channel(s).
Proposal 3: Essential SI contains at least the System Frame Number. RAN1 may also determine certain fields that need to be carried in Essential SI.
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Annex A 
RAN1#87 agreemetns on system information

Following was agreed in RAN1#87 meeting, as from LS R1-1613692 [2].
	· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH

· Alt. 2: NR-PBCH carries all of minimum system information

· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1

· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)

· Information necessary to receive remaining minimum system information is provided after initial UL transmission

· Other examples are not precluded

· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.

· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.

· Note: This does not preclude defining of other mechanisms transmitting Other SI




Annex B 
Draft reply to RAN1 LS R1-1613692
Following is the reply to RAN1 questions:
Question 1: the contents and RAN2 preferred size of minimum system information.

Answer 1: Minimum system information contains basic information for initial access to the cell, information for Other SIs available and scheduling information for other SIs. The size of minimum system information is variable, and minimal size is around 200 bits, using LTE as a reference.
Question 2: whether it can be delivered by on demand. 
Answer 2: No, minimum system information is always broadcasted, and is not delivered on demand.
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