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1	Introduction
The recent email discussion(s) on NR ASN.1 details touched the subject of modularization of NR RRC. In simple terms, this means the structure of the ASN.1 modules defined for NR RRC. With the RAN#75 decision to adopt a two-step ASN.1 freeze for Rel-15, we discuss the differences between different approaches to modularity in NR RRC in this contribution.
2	Current LTE ASN.1 module structure
The LTE has had separate modules since Rel-8, but with the advent of D2D and NB-IoT, the number of modules has increased as Figure 1 shows (note that the arrows in figure are showing the IMPORT directions: E.g. Inter-Node messages – module IMPORTs some definitions from the LTE – module).
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Figure 1. LTE Rel-13 ASN.1 module structure
Observation 1: LTE ASN.1 has had modular structure since Rel-8.
The one thing to remember with modules is that “circular” imports (i.e. importing def1 from module1 to module2 and at the same time importing def2 from module2 to module1) are not allowed, as Figure 2 shows: If such cases are needed, then a third module should be used for the common parts.
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Figure 2. Right way to IMPORT common definitions
Observation 2: ASN.1 language bases some restrictions on reuse of IE definitions.
The obvious corollary of the IMPORTing rules is that a common module that should be used by all other modules should preferably exist from the first version onwards: This leads to a rule that elements residing in more than one module should be always defined in the common module.
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Figure 3. Defining a common module in the first release of specification
Observation 3: If common module is created, there should be a rule that indicates that IE definitions that are used in more than one module are always put to the common module  
Otherwise, the structure of the modules becomes messy as the specification advances, as shown by example in Figure 3 below.
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Figure 4. Defining a common module further in specification evolution
In this case, in addition to the IE defC-r4, the IEs def1-r1, def3-r1, def4-r2 and def5-r3 could all have been placed in the common module, but cannot anymore be done since the move would no longer be backward-compatible. Therefore, in case a common module to put IEs is needed, it should be introduced from the first release onward. For example, in LTE the principle was that the “LTE” module was the common module from which all other modules should IMPORT definitions.
Observation 4: Introduction of a common module is best done from the first possible release of RRC. 
3	Modular structure for NR RRC
3.1	Using LTE-like structure
The D2D and NB-IoT modules in LTE were created out of necessity: The ProSe protocol was mostly separated from LTE, but reused a part of the IE definitions. Then, NB-IoT was put as a separate module to allow reuse of LTE IE definitions while minimizing the ASN.1 size for low-cost devices, so a separate module was created for that.
Observation 5: In LTE, ASN.1 modules have been created when there was a need to have separation for some parts of the configuration or maintain the message-structure independently.
3.2	Two-step ASN.1 freeze for Rel-15
RAN#75 agreed to have the accelerated NR development as per proposal in RP-170741, wherein the ASN.1 would be frozen in two steps for NR Rel-15: Once in March 2018, and for the second time in September 2018. This means that the NR Rel-15 will have two parts: NSA-only part (March 2018 version) and the full SA+NSA NR (September 2018 version). However, the exact ASN.1 details were left for RAN2 to decide, which means that it would be good to understand how the freezing should be done well ahead of time.
Observation 6: RAN2 should progress the details of the two-step ASN.1 freeze of Rel-15.
As discussed in RP-170491, the basic decision from RAN#75 means roughly what Figure 5 shows below.
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Figure 5. Basic specification evolution for the Rel-15 two-step NR RRC ASN.1 freeze 
However, the modularization was not discussed yet, and there are two basic options: Defining the NSA-only version as a separate module, or putting everything into one module. This is depicted in Figure 6 below.
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Figure 6. Modularization possibilities between NSA-only ands NSA+SA for NR Rel-15
These can also be depicted as (excerpted from RP-170491) two basic options, as shown in figure 7 and 8 below.
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Figure 6. Two-step ASN.1 freeze with Option 1
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Figure 6. Two-step ASN.1 freeze with Option 2
 Since this is something RAN2 should carefully decide, we propose that RAN2 continues the ASN.1 discussion by analysing the pros and cons of these options.
Proposal 1: RAN2 to evaluate which option to choose for NR Rel-15 ASN.1 freezing: A single module for both NSA-only and SA, or separate modules for NSA and SA parts.
The “safest option” would be to stick with just one module, since that is well-known since LTE and UMTS, and anhy problems with that option can be fixed with known methods.
Proposal 2: If no show-stoppers are found, a single module should be used for NR Rel-15 RRC containing both NSA and SA RRC.

3.3	Feature-specific modules
It has been proposed during the email discussion [NR-AH1#15][NR] RRC ASN.1 that each feature could also be defined as a separate module to allow easier feature separation for implementations. This has been depicted by DCM as follows:
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Figure 9. Feature-specific ASN.1 freeze for NR
We make the following observations from this proposal:
· The proposal requires splitting configuration parts into features instead of protocol layers. For example, currently RRC has a separation of signalling for common and dedicated parts, which further sub-divide into e.g. bearers, measurement configuration and MAC. This proposal would mean that e.g. MAC configuration could look something like this:
MAC-MainConfig ::=					SEQUENCE {
	commonMAC-Config-r15				CommonMAC-Config-r15,
	ca-Config-r15						CA-Config-r15,
	dc-Config-r15						DC-Config-r15,
	...
}
· When the specification evolves in each release, some parts might be found to be common with several modules. This requires then duplication of those parts into each and every module that makes use of them. For example: A DRX option is initially introduced only for feature X, and therefore the extension of the DRX configuration is only added to that feature. Should the DRX configuration still be placed under the common part just in case feature Y could use it more easily in the future?
· Some features might have to be used together, or the support of the features depends on another feature. For example, LTE DC uses CA as baseline and expands upon it. Both of them can also make use of NAICS features depending UE capabilities. How should it be documented which features can be used together? 
· So far it has been assumed that the UE capabilities indicate what network can configure, and we think the same principle would be pursued in NR. 
· The handling of multiple releases of features becomes more complicated from testing viewpoint: Should UE be allowed to early-implement some parts of e.g. feature X together with feature Y, how should the UE be certified?
Observation 7: Feature-specific modules requires some duplication of IEs across multiple modules.
Observation 8: Feature-specific modules requires using a common module in addition to the feature-specific modules.
Observation 9: Testability might require more thinking with feature-specific modules.
Observation 10: It’s not clear how the specifications would evolve with feature-specific modules, and whether this would result in a less compact specification than currently.
Therefore, we think further study is needed with more concrete examples.
Proposal 3: RAN2 to further discuss the benefits and disadvantages of using feature-specific modules.
4	Conclusions
We have discussed the topic of ASN.1 modules for NR RRC and observed the following:
Observation 1: LTE ASN.1 has had modular structure since Rel-8.
Observation 2: ASN.1 language bases some restrictions on reuse of IE definitions.
Observation 3: If common module is created, there should be a rule that indicates that IE definitions that are used in more than one module are always put to the common module  
Observation 4: Introduction of a common module is best done from the first possible release of RRC. 
Observation 5: In LTE, ASN.1 modules have been created when there was a need to have separation for some parts of the configuration or maintain the message-structure independently.
Observation 6: RAN2 should progress the details of the two-step ASN.1 freeze of Rel-15.
Observation 7: Feature-specific modules requires some duplication of IEs across multiple modules.
Observation 8: Feature-specific modules requires using a common module in addition to the feature-specific modules.
Observation 9: Testability might require more thinking with feature-specific modules.
Observation 10: It’s not clear how the specifications would evolve with feature-specific modules, and whether this would result in a less compact specification than currently.

Based on these, we propose that RAN2 continues to study how to deal with ASN.1 modules in NR RRC:
Proposal 1: RAN2 to evaluate which option to choose for NR Rel-15 ASN.1 freezing: A single module for both NSA-only and SA, or separate modules for NSA and SA parts.
Proposal 2: If no show-stoppers are found, a single module should be used for NR Rel-15 RRC containing both NSA and SA RRC.
Proposal 3: RAN2 to further discuss the benefits and disadvantages of using feature-specific modules.
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