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1
Introduction

The LTE ASN.1 was designed to take advantage of the experience accumulated in UMTS, where some maintenance issues were observed over the years. This has enabled LTE specification to be rather stable during the lifetime of LTE releases, with almost zero non-backward-compatible changes. 

Now that NR/5G work is going towards the end of study item phase, it would be good to start an exercise to identify what works well for LTE and what doesn’t work so well. This would enable RAN2 to progress on the design principles of NR while there isn’t as much rush for the ASN.1 yet, and come up with a proposal for the RRC skeleton early during the work item phase so there is less obstacles to progressing the Stage-3 details as soon as possible.

Already during the last meetings, there have been some contributions on these topics.

1.1
RAN2#95bis contributions on ASN.1
The following contributions were submitted to RAN2#95bis:

	Contribution
	Title; source
	Summary (observations and proposals)

	R2-166662
	Evolution of specification methodology for NR RRC; Samsung
	Proposal RAN2 is requested to investigate evolution of the RRC specification methodology to ensure the NR RRC specification meets the desired higher level of conciseness, starting with the identification of the main areas for improvement and aiming to develop some further specification guidelines.

	R2-166121

	RRC for standalone NR; CATT
	Observation 1: Control plane design should be generic to address diverse user scenarios, variety of services and different deployment scenarios.

Observation 2: KPIs and requirements listed above would have direct impact on the design of control plane architecture for NR

Observation 3: The functions listed above should be taken into account in design of NR control plane.

Observation 4: A clean slate approach with support of forward compatibility is seen preferable for NR CP design.

Observation 5: Need of RRC at TRP depends on the generation of system information (TRP specific system information parameters, if any) at TRP or not.

Observation 6: Need of RRC at TRP depends on the RRC involvement at TRP level mobility and detail mobility procedure. 

Observation 7: The support of flexible protocol functionality could be handled at the RRC located at NR-NB. 

Observation 8: RRC located at NR-NB could control the multi-path configuration.  

Proposal 1: RAN2 is requested to take observation 1 to 8 in to account in designing of control plane protocol architecture for standalone NR.

	R2-166514
	Necessary RRC functions for NR and evolved LTE; Huawei, HiSilicon
	Proposal: RAN2 should capture the required functions listed in the table 1in TR for both evolved LTE RRC and NR RRC.

	R2-166827
	RRC specification evolution; Ericsson
	Proposal 1 It should be possible to "run" 36.331 while being connected to Next Gen CN, hence some updating may be needed to 36.331.

Proposal 2 A new specification is created for NR-RRC which is used for:

 - NR stand-alone operation (using NextGen Core)

 - configuring an NR-SCG for a UE with an LTE-MCG (regardless of which CN is used)

Proposal 3 A UE having an LTE eNB as MCG follows the procedures in 36.331.

Proposal 4 If supported, a UE having an NR eNB as MCG follows the procedures in NR-RRC.

Proposal 5 If supported, at MCG-change or handover between LTE and NR, the UE switches which RRC is applied (i.e. changing from following procedures in 36.331 to the procedures in NR-RRC and vice versa).

Proposal 6 RAN2 to adopt the above model for (re)configuration of an SCG of the "other" RAT when doing NR-LTE Dual Connectivity.


1.2
RAN2#96 contributions on ASN.1

The following contributions were submitted to RAN2#95bis:
	Contribution
	Title; source
	Summary (observations and proposals)

	R2-168393



	NR RRC methodology; Ericsson
	Proposal 1 Use only ITU-T specified extension mechanisms, i.e. extension markers, extension addition groups, spare values, and reserved fields.

Proposal 2 Specify ASN.1 in a release-independent manner and maintain one common syntax for all specification versions. 

	R2-168394
	Comparison of encoding rules; Ericsson
	Observation 1 
So far the requirement to limit the size of encoded messages has governed the selection of encoding rules and therefore Unaligned Packed Encoding Rules (PER) are used for both 3G and 4G RRC.

Observation 2 
It is possible to trade-off encoding compactness to encoding/decoding speed by using e.g. Aligned PER or Octet Encoding Rules (OER).

Observation 3 
It is possible to design encodings rules specifically for different use cases and mix different encoding rules by using Encoding Control Notation (ECN).

Proposal 1 
Study and identify requirements for 5G RRC encoding rules.

	R2-168491
	RRC specification evolution; Ericsson


	Proposal 1 It should be possible to "run" 36.331 while being connected to Next Gen CN, hence some updating may be needed to 36.331.

Proposal 2 A new specification is created for NR-RRC which is used for:

- NR stand-alone operation (using NextGen Core)

- configuring an NR-SCG for a UE with an LTE-MCG (regardless of which CN is used)

Proposal 3 A UE having an LTE eNB as MCG follows the procedures in 36.331.

Proposal 4 If supported, a UE having an NR eNB as MCG follows the procedures in NR-RRC.

Proposal 5 If supported, at MCG-change or handover between LTE and NR, the UE switches which RRC is applied (i.e. changing from following procedures in 36.331 to the procedures in NR-RRC and vice versa).

Proposal 6 RAN2 to adopt the above model for (re)configuration of an SCG of the "other" RAT when doing NR-LTE Dual Connectivity.


	R2-167494

	NR RRC state machine, transitions and signalling procedures; Samsung
	Proposal 1a: NR RRC state machine has a direct transition between RRC_IDLE and RRC_CONNECTED states.

Proposal 1b: NR RRC state machine has a direction transition between RRC_INACTIVE and RRC_CONNECTED states.

Proposal 2a: RRC state transition from IDLE to CONNECTED follows the three-step handshake procedure (e.g. request, response, complete).

Proposal 2b: As a baseline, the RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).

Proposal 3a: RRC state transition from CONNECTED to INACTIVE follows the two-step procedure (e.g. reconfiguration and complete).

Proposal 3b: As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete).

Proposal 3c: As an optimization, RRC state transition from INACTIVE to CONNECTED can follow two-step and one/step procedure (e.g. request, response).

Proposal 4a: As a baseline, RRC state transition from INACTIVE to IDLE follows three-step procedure (paging, request, release).

Proposal 4b: As an optimization, RRC state transition from INACTIVE to IDLE follows two-step procedure (paging+release, request).  

	R2-168121
	NR RRC control plane protocol stack considerations; Nokia
	Proposal 1: The NR RRC protocol entity is logically separate from the lower layer transport protocols. 

Proposal 2: Use NR PDCP for NR RRC signalling as described in Figure 1.

Proposal 3: Control plane message transport could utilize the duplication functionality provided by the NR PDCP layer for providing signalling reliability.

	R2-167873
	Evolution of specification methodology for NR RRC; Samsung 
	Proposal
RAN2 is requested to investigate evolution of the RRC specification methodology to ensure the NR RRC specification meets the desired higher level of conciseness, starting with the identification of the main areas for improvement and aiming to develop some further specification guidelines.


1.3
Background of the discussion

The discussion here comes from an offline discussion between a few companies and is not assumed to be exhaustive. The overall goal of this contribution is to attempt to start the RAN2 discussion discussion would be to get a tentative understanding of what companies see important for NR ASN.1 specification.
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Building NR RRC
2.1
Things that work well in LTE RRC
The LTE RRC specification has overall been less complex than its predecessor (i.e. UMTS RRC specification), and we should strive to do the same for the NR RRC specification. To that end, we should first identify the positive things that work well.
Question 1: What are the things that work well in LTE RRC specification and should carry over to NR unchanged?

The following table lists some good LTE RRC practices. 
	LTE RRC practice
	Things that work in LTE and should be preserved in NR

	Supporting companies

	No tabular
	Not having tabular makes the specs shorter and produces less errors.
Proposal: Do not use tabular format in NR RRC.
Samsung: There is still a low of non-essential information in field descriptions (to be avoided)

Nokia: Agree, we should try to keep field descriptions concise.

DOCOMO: It was indeed a valuable improvement from UMTS and should be adapted for NR as well.
Ericsson: Tabular has both benefits and downsides. It is difficult to keep ASN.1 and tabular consistent. If the ASN.1 is written in a release independent manner and placed in a separate document, tabular could be useful to have. No strong opinion though.
	Nokia, Samsung, DOCOMO, Huawei, Intel, Ericsson

	Separation of procedures and ASN.1
	The basic structure of the LTE RRC is to keep the procedures and ASN.1 in the same document but separate from each other. 
Proposal: Procedural text and ASN.1 are separated from each other in NR RRC.
Samsung: We would like to consider use of a single ASN.1 not one per release, but note this requires investigation of how to separate out only the parts relevant for a particular implementation. We think separation anyhow needs study, considering different use cases

Huawei: Today this is slightly violated as there are procedural requirements in the field description table.  We should consider carefully whether to change this practice, on the one hand it creates requirements separated from the main procedural spec, but on the other it avoids the need for many small sections for specific IE handling as was the case in UMTS.  We tend to favour keeping the way the field table is used today.
	Nokia

	Network errors
	A general principle used in LTE RRC was that no UE requirements are specified for incorrect network behaviour. At the same time we should be restrictive with introducing a large amount of clarifications regarding what the correct network behaviour is
Proposal: Do not specify UE requirements regarding incorrect network behaviour.

Nokia: Agree with the intent of the proposal – the specification should be concise. Some generic error handling could cover such cases (just like in LTE RRC for the most part).

Ericsson: Agree that the UE cannot be required to handle incorrect network behaviour because there is potentially a massive amount of incorrect behaviour – especially for complex message -- but a question arises why something like that happens. The network behaviour is normally reserve-engineered from the correct UE behaviour. If there are issues, it gives an indication that the network designers have not understood the correct UE behaviour by reading the specification. Are the specifications too cryptic or unclear …
	Samsung, Nokia,  Ericsson

	Use of the exact ASN.1 names in procedure
	Generally, the use of the exact ASN.1 names (for messages, fields, IEs) when describing procedures is good and should be pursued in NR. This makes life easier for developers figuring out which ASN.1 description to focus on.
Proposal: Use the exact ASN.1 names (for messages, fields, IEs) when describing procedures.
	Intel, Nokia


2.2


Things that have issues in LTE RRC
The LTE RRC specification has also had some issues over the years, and it would be good to consider if something can be done better for NR RRC. These things are not problems as such, but experience has taught RAN2 that problems easily arise with these topics, so it is good to consider how to improve them.
Question 2: What are the things that consistently have some issues in LTE specification?

The following table lists some of the problematic things with LTE RRC. 

	LTE RRC practice 
	Things that do not always work well in LTE and could be reconsidered in NR

	Supporting companies

	Modular structure and feature separation
	Modularization of ASN.1 is good and it should be possible to have both low-level IEs collecting protocol layers together (e.g. PDCP, RLC, MAC, etc.) as well as different high-level modules (e.g. NB-IoT). 
However, the high-level modules only really appeared in Rel-12/13 with D2D and NB-IoT, and we didn’t spend a lot of time to consider what would be the best way to use them. 

Proposal: Discuss practices how to use the modules within ASN.1 (see Annex B for one possible proposal on this). 
Samsung: We think that the key issue is how an implementation can extract only the relevant ASN.1 parts i.e. how to separate parts belonging to different main functions/ verticals, and possibly also how to separate releases. Use of modules can be considered, but other options should be considered as improvement seems desirable (a lot of additional ASN.1 was introduced for NB-IoT i.e. separate versions of many messages).

Nokia: Good points from Samsung. We don’t have a fixed view yet on this topic, just that we should consider it carefully.

We think there are multiple options how to use the modules, and having some guidelines and discussion on those would be useful. For example, when should we create a new ASN.1 module? When shouldn’t we do that? What should we avoid? ( The implications of the modules need to clear to avoid risk of creating more problems.

DOCOMO: In the LTE ASN.1 strucure, we have experienced some difficulty in finding extention fields required for implementing a certain feature, e.g. Rel-10 extensions and onwards required for Carrier Aggregation. One of the reasons is due to the rule that extension for radio resource configuration is done per physical/transport channel. Thus, we’d like to study an alternative approach that extention is done by functional basis on top of the common ASN.1 part. A conceptual figure is illustrated below.


[image: image1]
Huawei: If modules are to be used, we should start by understanding what are the natural partitions of the signalling, e.g. does URLLC have its own separate signalling that could form an ASN.1 module?  Which devices have a critical need to limit the amount of ASN.1 compiled in, e.g. low cost MTC devices?  It seems clear there would need to be a “common” module of basic types that are used by every “flavour” of NR, which could be included into separate specific modules.

It needs to be considered whether devices really benefit from a module structure, except for low cost devices where code footprint can be critical.  Another possible use case would be UEs that only support NSA NR with and LTE master node, so that they are not required to compile in (and consider in testing, e.g. to exercise code paths) ASN.1 for unused features.  However the impact of the “extra” ASN.1 code for a device of typical smartphone complexity might not be very significant and might not justify the work of defining a module structure.

Intel: We see some benefits in defining at least separate high-level ASN.1 modules in order to support the efficient implementation of memory size and cost-limited devices in NR, e.g. mMTC. However, on the details of modularization we agree that further analysis is needed as there are multiple options for using modules. On the problem addressed by DOCOMO we tend to think that it could be solved to some extent by defining new ASN.1 naming conventions for features/functions.

Ericsson: It would be useful to avoid creating separate versions of messages because separate versions create a lot of maintenance issues e.g. with extensibility (see e.g. 25.331).

Nokia v2: It seems that there is some interest in the topic, but there are also many questions. Therefore it would be best to try to come up with more concrete proposals on how the structures would look like – e.g. Intel’s point about naming is a possible alternative that would be good to think further. DCM provided already one example to help with that – it would be good to understand how it would evolve through releases.
	Nokia, Samsung, DOCOMO, Huawei, Ericsson

	Usage of the need codes
	The need codes in LTE are useful, but they are very difficult to understand for many persons, and there have been many mistakes with them over the years. Simplifications should be considered as a priority to simplify the specification maintenance.
Proposal: Simplify definition and usage of need codes.

Proposal: Consider reducing the number of need codes needed to handle optional fields. 
DOCOMO: we should avoid ambiguity of meaning of need codes case by case. One example we argued before is so called “one shot” measurement using Need ON. Generally the behavior of Need ON is difficult to understand especially for when the NW needs to release.
Huawei: This is a noble idea but should be handled carefully if done at all.  There were already significant efforts in LTE to keep the need codes simple and clear, and there could be a danger of trying to over-simplify in NR and ending up without the needed flexibility.  As a suggested approach, the discussion could start by documenting examples of usage of the different need codes, and trying to locate the perceived complexity and understand what might need to be simplified.

Intel: Basically, we see some merits in keeping need codes as it helps to keep the specification slim and to support delta signalling in an efficient manner. Furthermore, Need OR is a good mean to avoid excessive “setup/release” structures. We agree that most confusion on the need codes comes from Need ON and their use for one-shot measurements, and thus are open to discuss alternatives for this case.

Ericsson: Simplications would be desirable because the Need codes are difficult to understand. Note that Need codes are not necessarily needed at all. There are no Need codes in UTRA but it still works. The setup and release of fields can be specified in procedures as well. The downside is that the procedures became longer. So Need codes is some kind of optimization to compress normative text. Another question is the placement of need ocde. Why is it necessary to place Need codes in the ASN.1? Comment lines are always dangerous because they may remove ASN.1 code if a new line character is accidentally dropped. Shouldn’t Need codes to be defined in field descriptions instead?

Nokia v2: Agree with Huawei that we need to be careful with this, and some documentation is beneficial. The “one-shot” discussion during Rel-13 showed what kind of difficulties can arise from ambiguities. Just the amount of discussion here shows that this is not an easy topic, which is why we thought it’s a good candidate for simplifications.

On the necessity of need codes: It seems that the Need OP looks like the least clear of the fields – it can sometimes function almost as ON and sometimes as OR. It could be considered if OP features can be incorporated into ON instead of having a dedicated need code?

Quick comparison:

· Need ON: Needed for delta signalling. Not released once signaled. Used also for one-shot messages (in which case UE doesn’t need to retain the field).

· Need OR: Needed for allowing easy release of non-delta fields. Released if not signaled.

· Need OP: Mix between ON and OR: Not released automatically (like ON), but field description can indicate further details on release conditions. 

But in the end, we should remember that one option is to retain what we have and just make it clearer how to use them consistently. As Ericsson points out, the field descriptions could also be used to indicate conditionalities – that just has the drawback of making the ASN.1 itself slightly more difficult to read (since one needs to check from the field description how the fields are released etc.).

Huawei: Originally the P stood for “procedural”, and OP should always mean that there is procedural text (sometimes in the field description table) specifying the UE behaviour if the field is not included.  So if it was used properly, this should be the least confusing of all the need codes because any question about what to do should be answered explicitly in the spec.  It seems possible that some CR authors misinterpreted it as “OPtional", and used it without specifying behaviour on absence, where “ON” would have been more appropriate.
	Nokia, Samsung, DOCOMO, Intel, Ericsson

	Setup and release of fields 
	It is difficult to understand how fields are setup, released and overwritten. One part of this is the need codes (see above), but in general it should be clearer how each field is setup, modified and released. 
Proposal: NR RRC should make clear how to modify or release a field.

DOCOMO: Especially on the modification, we think it would be good to make the specification clear on which condition the modification can be done.
Proposal: It should be possible to release any configured optional fields.

Samsung: We think it would be good to maintain the the general principle used in LTE, namely that the network is responsible for configuring the UE correctly and to release when terminating usage.
Proposal: Re-use the LTE general principles that the UE should not be required a) to keep unused (hanging) information for later usage and b) to autonomously remove information (i.e. network should clear).
Nokia: To clarify: We are fine with the general principles, but it would be good to make sure it is clear which fields can be released and how. We have had multiple problems in the past with fields that were not releasable. 

DOCOMO: Full Configuration case (Configuration between nodes of different Release) should be considered from the beginning of specification release.
Ericsson: Agree that it should be clear which fields can be release and how. The cases with setup/release choice are generally clear though it is cumbersome to add such choice structures in every extension field.
	Nokia, Samsung, DOCOMO

	Conditionality
	There are different approaches used to clarify what a proper network shall do, with different UE requirements associated. E.g. conditons imply UE requirements regarding error handling, although several times it has been stated that this is not really intended. Another question is to what extens such conditions should be reflected by ASN.1 constraints as these cannot be changed should there be a need (e.g. in case of errors)
Proposal: Consider how to ensure the specification is clear wrt. UE requirements.
	Samsung

	Usage of NOTE
	This may be related with the above Conditionality issue. In LTE, sometime a NOTE is more than an informative specification and more of normative one, e.g., periodical measurements NOTE, etc., which was moved to the normative text from Rel-13. According to the specification drafting rule (TR21.801), the usage of note is to give additional information to assist the understanding of specs and shall not contain the normative behaviour claiming TS compliance. This practice should be avoided and the usage of NOTE should follow the drafting rule.
Proposal: Follow TR21.801 so that NOTE never specifies normative behaviour.
	DOCOMO

	ASN.1 syntax checking
	Currently delegates still have to compile all of ASN.1 by themselves and check for errors. This takes time and should be automated, as it is a task that is well-suited to be done by computers anyway. For example, when a contribution is submitted, a system in 3GPP servers could identify the CR type and automatically merge it to specifications, compile the CR and provide resulting errors to the submitter. Then the submitter should fix the errors before the meeting starts.
Proposal: NR RRC should allow mechanism that does automatic syntax checking based on submitted CRs.
Huawei: We aren’t sure the described mechanism with automatic checking by the server is feasible although it is obviously an attractive vision.  An alternative could be CR submission processes that require the submitter to include ASN.1 syntax check results, similar to the use of impact statements in the coversheet today.  It should also be considered if such a check would be required (and feasible) for online changes to a CR made during a meeting or email discussion.

Intel: We agree with the intention however we wonder whether it is practical. Sure, if such automated tools exist, then they could help in fixing obvious syntax errors. However, we have to take into account that we defined specific ASN.1 guidelines in LTE with regards to, e.g. naming conventions. We think that violations of these ASN.1 guidelines cannot be detected by automated tools. The same applies, e.g. if OPTIONAL for the presence of a field is missing or not. 

Ericsson: Perhaps we could develop an extensible numbering scheme to ASN.1 segments and require that all CRs shall include complete ASN.1 segments. In that way, it could be possible to automate CR implementation and thereby make it possible to check the syntax based on submitted CRs.

Nokia v2: Agree that no automatic tool can detect all errors (e.g. with naming conventions) easily – there is no free lunch in this. But detecting the obvious errors would already help, and ensure there is more awareness of the problem. For example the Huawei proposal could be one alternative to be considered.
	Nokia


2.3
Things that don’t work well in LTE RRC
Finally, there are some things in the LTE RRC specification that have been regular “pain points”, recurring frequently. To ensure we do not repeat the same mistakes, it would be good to consider how to rectify such problems to prevent them from happening in the NR RRC.
Question 3: What are the things that simply don’t work well in LTE specification? 

The following table lists some of most the problematic things with LTE RRC. 

	LTE RRC practice
	Things that do not work well in LTE and should be changed for NR

	Supporting companies

	Extension mechanisms
	LTE RRC uses four primary extension mechanisms: 1) Ellipsis, 2) Non-critical extensions (i.e. empty SEQUENCE), 3) Critical extensions (i.e. redefining messages and IEs) and 4) transparent container (i.e. OCTET STRING).
However, it is very obvious that these create complications. extensions do not have to be this complicated: Ellipsis and OCTET STRINGs are defined in the ASN.1 syntax, but non-critical and critical extensions are defined in the LTE RRC for size-optimization purposes.

Proposal: Simplify ASN.1 extension mechanisms in NR compared to those in LTE.
Proposal: Consider using ellipsis and OCTET STRING as the primary extension mechanisms in NR RRC.
Samsung: An extension marker is simple but costly i.e. there is overhead for every extension addition group/ octet string included in a message. We however seem to have accepted this in LTE. UE capabilities and system information are the exception, as for these size is critical and extension markers costly. For these some improvements should be considered (e.g. avoid use of parallel lists as well as extension overhead per individual extension)

Nokia: Agree that the extension marker has a cost that needs to be assessed e.g. for SI. Exceptions are always possible, but aiming to simplify would be a good goal. 

DOCOMO: We should try to minize the use of Critical Extension (by reserving several spare bits for values that can easily increased in the future, e.g., transmission mode X in antennaInfo, and if we do define the specification should also care more on how the the Critical Extension is defined.
Huawei: Exceptions are probably needed for certain size-critical messages e.g. system information, RRCConnectionRequest/Resume/Reestablishment.  In LTE some of these are based on fixed size allocations with spare bit strings used for extension, others use the non-critical extension mechanism.

Intel: We think that the use of ellipsis is not always optimal computationally and also wrt the encoded buffer. So the use of it should be based on the targeted use-cases for NR. For example, it will be computationally efficient if ellipsis is not used for low cost sensor devices with limited RRC implementation.
Ericsson: It would be desirable to apply only extension mechanisms that are ITU-T compliant. The concept of critical and non-critical extension is not understood anywhere outside of 3GPP and the extensibility based on trailing padding bits is not used anywhere else. It means that 3GPP requires 3GPP-specific encoder and decoder solutions. The cost of different extension mechanisms should preferably be quantified so that we do not need to compare opinions.
	Nokia, DOCOMO, Huawei

	UE capabilities
	The current UE capabilities are rather messy due to multiple extensions. Especially the CA band combinations and parameters specific to them have issues: their structure is very complex, difficult to understand and the size is prone to become very big. RAN2 already attempted to reduce the size in LTE, which was good, but we should do our best to do even more for NR. One possibility would be that the UE capability enquiry always includes the “requested bands” feature to cut down the size.
Proposal: The UE capability extensions should be simple(r than in LTE) and straightforward (if possible).
Proposal: Use the “requested frequency bands” from LTE as baseline for NR capability enquiry.

Proposal: The use of “requested frequency bands” and the optimizations specified in Rel-13 would be beneficial although it hinges on how a frequency band and band combination will be defined for NR.
	Nokia, DOCOMO, Intel

	Procedural specification
	There seems some scope for improving procedural specifications:

Improve the way to specify for which particular types of UE (e.g. NB-IoT, not acting as sidelink relay, configured with eDRX, xx) a requirement is applicable

Avoid statement that seem not really needed (unconditionally process field that is received)
Proposal: Consider improvements to procedural text for different UE types and avoid unnecessary text on obvious statements.
Nokia: Agree that we should try to avoid these things wherever possible.
	Samsung, Nokia

	Spare value in UL message
	From LTE experience (e.g., spare value handling for establishment cause), unknown spare value may cause some problems in eNB behavior. 

Proposal: Either (1) more spare value is defined and the reception of unknown value by the eNB is clearly specified, or (2) spare value is not used in UL message, but there should be a mechanism to add a value when necessary in a certain release.
Nokia: Agree with this - we should learn from the past issues in this and ensure UL spare value handling is clear.
	DOCOMO, Nokia

	Error handling
	Inter-eNB message do not have any kind of error handling. There have been cases where error handling could have been useful e.g. with extensions that are accidentally defined as mandatory present. 

Proposal: Consider specifying error handling also for inter-node messages.
	Ericsson

	Size-critical messages
	All messages are so far defined in the same manner with critical and non-critical extensions. There is e.g. critical extension possibility for RRC Connection Request but the message has only one spare bit. It means that it is possible to create a new branch but not to use it for anything. Wouldn’t it be better to define only spare values and reseved bits for size-critical message and skip other extension possibilities because they cannot be used anyway.

Proposal: Consider whether branching of size-critical RRC messages requires critical extensions or whether spares/reserved values are enough.
	Ericsson


2.4
Good practices outside of those done in LTE RRC

Finally, it is good to think “out of the box” and consider if we can bring new practices to NR RRC that were never considered in LTE RRC.
Question 4: What would be good practices for NR RRC in general? 

The following table lists some things that might improve the NR RRC specification. 

	Practice for NR RRC
	Good practices for NR RRC in general

	Supporting companies

	Hyperlinking
	The NR RRC could be automatically hyperlinked, i.e. each field could be linked directly to the IE definition. This would make the specification easier to read. Of course we should consider whether this has drawbacks as well.

Proposal: Consider using more hyperlinks in NR RRC, e.g. for ASN.1 type definitions.
Huawei: Do the drafting rules allow hyperlinks?  If so there could be other uses besides linking to IE definition, e.g. links from a reference to the section it points to.

In practice it seems not so difficult to locate the definition of an IE, e.g. by searching for the IE name followed by a space and colon (as “DRB-ToAddReqList :”).

Nokia v2: We have checked TS21.801 and there doesn’t seem to be anything preventing the hyperlinking – the drafting rules only talk about automatic referencing, which is allowed in some cases. Perhaps the question has simply never been raised up before. 

We agree that MCC should be consulted on this as it may cause extra maintenance burden, but still think it could help when navigating the specification.
	Nokia


3 
Conclusions 
We have discussed the RRC specification aspects and presented some thoughts on how the ASN.1 should be handled in 5G RRC specification. There are several aspects in the LTE RRC which work well, but also several areas that could be improved. To that end, it would be good to try to converge on the RRC principles before the specification is created so there are no obstacles to slow down the Stage-3 work for RRC. Since the topic is important, official email discussions could be held for 1-2 meetings to ensure all companies have time to think and input their views for the work. 
Proposal 1: RAN2 to hold an email discussion to progress the RRC principles for the NR work.
Annex A: Example TP on recommendations for NR RRC

This section shows an example based on some of proposals from above, to illustrate what kind of text could be captured in the TR38.801. This is not intended to be the final text and is open for discussion.
A.7
Specification methodology

With regards to the RRC specification:

-
Separate RRC specification for NR should be introduced and maintained even for the case of LTE + NR interworking.
-
The RRC specification should separate the procedural text and ASN.1, and not not use tabular format.

-
The RRC specification should allow modular definition of ASN.1.

-
The RRC specification should specify a minimum amount of need codes and keep them as simple as possible.

-
The RRC specification should make clear how to modify or release a field, and it should be possible to release any configured optional field.

-
The RRC specification should allow mechanism that does automatic syntax checking for CRs to RAN2.

-
The RRC specification should mainly utilize ellipsis and OCTET STRING as the primary extension mechanisms.

-
The RRC specification UE capability extensions should be simple and straightforward. The “requested frequency bands” - approach from LTE should be baseline for NR capability enquiries.

-
The RRC specification should employ hyperlinking for navigation within the specification document.
Annex B: Example of NR RRC modularization
This section shows an example of how the NR RRC could be modularized.
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Today’s RRC ASN.1



EUTRA-RRC-Definitions DEFINITIONS AUTOMATIC TAGS ::=



BEGIN



-- Logical Message Classes

BCCH-BCH-Message

etc.



-- Message Definitions

CounterCheck :: =

RRCConnectionConfiguration ::= 

etc.



-- RRC Information Elements

SIB

RadioResourceControlInfo

SecurityInfo

MobilityControlInfo

MeasurementsInformationElements

Other IEs

MBMS IEs

SC-PTM IEs 

Sidelink IEs

etc.



-- RRC multiplicity and type constraint values



END

PC5-RRC-Definitions DEFINITIONS AUTOMATIC TAGS ::=



BEGIN



IMPORTS

TDD-ConfigSL-r12

FROM EUTRA-RRC-Definitions;



SBCCH-SL-BCH-Message ::=

MasterInformationBlock-SL ::=



END

NBIOT-RRC-Definitions DEFINITIONS AUTOMATIC TAGS ::=



BEGIN



IMPORTS

RRCConnectionReestablishmentReject,

SecurityModeCommand,

SecurityModeComplete,

SecurityModeFailure,

…

TrackingAreaCode

Etc.

FROM EUTRA-RRC-Definitions;



-- Logical Message Classes

BCCH-BCH-Message-NB

Etc.



-- NB-IoT Message Definitions

Paging-NB

RRCConnectionReconfiguration-NB

Etc.



-- NB-IoT Information Elements

SIB

NB-IoT Radio Resource Control 

MobilityControlInfo

NB-IoTOtherInformation	



-- NB-IoT RRC multiplicity and type constraint values

END











LTE RRC is defined in “EUTRA-RRC-Definition”

NBIOT module imported the necessary IEs from EUTRA-RRC-Definition
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Options for NR RRC ASN.1 (1/2)

Option 1: optimized module based structure

One main NR-RRC-Definition

Into this NR-RRC-Definition, the modules defined per functions or service are imported as necessary

Modules for CA-NR (CA-NR-RRC Definition), DC-NR, IoT-NR, etc. are defined

Imported to the main NR-RRC-Definition

Optimizing “module” based structure from the beginning of the specification



Option 2: configuration per feature/function 

The main NR-RRC-Definition is similar as in LTE, i.e., captures the whole ASN.1 structure

The RRC
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Example of Option 1

NR-RRC-Definitions DEFINITIONS AUTOMATIC TAGS ::=



BEGIN

-- Depend on the necessary function, the concerning “module“ is imported

IMPORTS

-- NR-CA Logical Message Classes

...

-- NR-CA Message Definitions

...

-- NR-CA Information Elements

...

Etc.

FROM NR-CA-RRC-Definitions;



-- Logical Message Classes

BCCH-BCH-Message

etc.



-- Message Definitions

CounterCheck :: =

RRCConnectionConfiguration ::= 

etc.



-- Common RRC Information Elements

SIB

RadioResourceControlInfo

SecurityInfo

MobilityControlInfo

MeasurementsInformationElements

Other IEs

MBMS IEs

SC-PTM IEs 

Sidelink IEs

etc.



-- Common RRC multiplicity and type constraint values



END

NR-CA-RRC-Definitions DEFINITIONS AUTOMATIC TAGS ::=



BEGIN



-- NR-CA Logical Message Classes

BCCH-BCH-Message-NR-CA

Etc.



-- NR-CA Message Definitions

Paging-NB

RRCConnectionReconfiguration-NB

Etc.



-- NR-CA Information Elements

SIB

NR-CA Radio Resource Control 

etc.



-- NR-CA RRC multiplicity and type constraint values

Xxxx



END
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Example of option 2

-- ASN1START

RRCConnectionReconfiguration ::=	SEQUENCE {

	rrc-TransactionIdentifier			RRC-TransactionIdentifier,

	criticalExtensions					CHOICE {

		c1									CHOICE{

			rrcConnectionReconfiguration-r15		RRCConnectionReconfiguration-r15-IEs,

			spare7 NULL,

			spare6 NULL, spare5 NULL, spare4 NULL,

			spare3 NULL, spare2 NULL, spare1 NULL

		},

		criticalExtensionsFuture			SEQUENCE {}

	}

}

RRCConnectionReconfiguration-r15-IEs ::= SEQUENCE {

	commonConfig-r15					CommonConfig-r15,

	moduleDependentConfig-r15			ModuleDependentConfig-r15		OPTIONAL,	-- Need OR

	nonCriticalExtension				SEQUENCE {}						OPTIONAL

}

CommonConfig-r15 ::=				SEQUENCE {

	measConfig							MeasConfig						OPTIONAL,	-- Need ON

	mobilityControlInfo					MobilityControlInfo				OPTIONAL,	-- Cond HO

	dedicatedInfoNASList				SEQUENCE (SIZE(1..maxDRB)) OF

											DedicatedInfoNAS			OPTIONAL,	-- Cond nonHO

	radioResourceConfigDedicated		RadioResourceConfigDedicated	OPTIONAL, -- Cond HO-toEUTRA

	securityConfigHO					SecurityConfigHO				OPTIONAL,	-- Cond HO

	nonCriticalExtension				SEQUENCE {}						OPTIONAL

}

ModuleDependentConfig-r15 ::=		SEQUENCE {

	ca-ModuleConfig-r15					CA-ModuleConfig-r15				OPTIONAL,	-- Need OR

	dc-MOduleConfig-r15					DC-ModuleConfig-r15				OPTIONAL,	-- Need OR

	mimo-ModuleConfig-r15				MIMO-ModuleConfig-r15			OPTIONAL,	-- Need OR

	comp-ModuleConfig-r15				CoMP-ModuleConfig-r15			OPTIONAL,	-- Need OR

	...

}







RRCConnectionReconfiguration message
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Alt.1:
Extension of RRCConnReconf per feature


RRCConnectionReconfiguration message


-- ASN1START



RRCConnectionReconfiguration ::=
SEQUENCE {




rrc-TransactionIdentifier


RRC-TransactionIdentifier,




criticalExtensions




CHOICE {





c1








CHOICE{






rrcConnectionReconfiguration-r15

RRCConnectionReconfiguration-r15-IEs,






spare7 NULL,






spare6 NULL, spare5 NULL, spare4 NULL,






spare3 NULL, spare2 NULL, spare1 NULL





},





criticalExtensionsFuture


SEQUENCE {}




}



}



RRCConnectionReconfiguration-r15-IEs ::= SEQUENCE {



commonConfig-r15




CommonConfig-r15,




moduleDependentConfig-r15


ModuleDependentConfig-r15

OPTIONAL,
-- Need OR




nonCriticalExtension



SEQUENCE {}





OPTIONAL


}



CommonConfig-r15 ::=



SEQUENCE {



measConfig






MeasConfig





OPTIONAL,
-- Need ON




mobilityControlInfo




MobilityControlInfo



OPTIONAL,
-- Cond HO




dedicatedInfoNASList



SEQUENCE (SIZE(1..maxDRB)) OF














DedicatedInfoNAS


OPTIONAL,
-- Cond nonHO




radioResourceConfigDedicated

RadioResourceConfigDedicated
OPTIONAL, -- Cond HO-toEUTRA




securityConfigHO




SecurityConfigHO



OPTIONAL,
-- Cond HO



nonCriticalExtension



SEQUENCE {}





OPTIONAL


}



ModuleDependentConfig-r15 ::=

SEQUENCE {



ca-ModuleConfig-r15




CA-ModuleConfig-r15



OPTIONAL,
-- Need OR




dc-MOduleConfig-r15




DC-ModuleConfig-r15



OPTIONAL,
-- Need OR




mimo-ModuleConfig-r15



MIMO-ModuleConfig-r15


OPTIONAL,
-- Need OR




comp-ModuleConfig-r15



CoMP-ModuleConfig-r15


OPTIONAL,
-- Need OR




...


}



CA-ModuleConfig-r15 ::=



SEQUENCE {



pCellConfig-r15





SEQUENCE {




radioResourceConfigPCell-r15


RadioResourceConfigPCell-r15





mimo-ModuleConfigPCell-r15


MIMO-ModuleConfig-r15,

OPTIONAL,
-- Need OR





comp-ModuleConfigPCell-r15


CoMP-ModuleConfig-r15,

OPTIONAL,
-- Need OR





...




},




sCellToReleaseList-r15



SCellToReleaseList-r15


OPTIONAL,
-- Need ON




sCellToAddModList-r15



SCellToAddModList-r15


OPTIONAL,
-- Need ON



}



SCellToAddModList-r15 ::=

SEQUENCE (SIZE (1..maxSCell-r15)) OF SCellToAddMod-r15


SCellToAddMod-r15 ::=


SEQUENCE {




sCellIndex-r15





SCellIndex-r15,




cellIdentification-r15



SEQUENCE {





physCellId-r15





PhysCellId,





dl-CarrierFreq-r15




ARFCN-ValueEUTRA




}















OPTIONAL,
-- Cond SCellAdd




radioResourceConfigSCell-r15

RadioResourceConfigSCell-r15
OPTIONAL,
-- Cond SCellAdd



mimo-ModuleConfigSCell-r15


MIMO-ModuleConfig-r15,

OPTIONAL,
-- Need OR




comp-ModuleConfigSCell-r15


CoMP-ModuleConfig-r15,

OPTIONAL,
-- Need OR




...



}


SCellToReleaseList-r15 ::=


SEQUENCE (SIZE (1..maxSCell-r15)) OF SCellIndex-r15


DC-ModuleConfig-r15 ::=



SEQUENCE {



mcg-Config-r15





CA-ModuleConfig-r15,



scg-Config-r15





CA-ModuleConfig-r15



}



MIMO-ModuleConfig-r15 ::=


SEQUENCE {



...


}



CoMP-ModuleConfig-r15 ::=


SEQUENCE {



...


}



-- ASN1STOP
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