3GPP TSG-RAN WG2 #NR AH 0118
R2-1800112
Vancouver, Canada, 22 – 26 January 2018
Agenda item:
10.4.1.3.2
Source:
Samsung

Title:
Further discussion on merging NR RRC messages
Document for:
Discussion 
1
Introduction

RAN WG2 had an initial discussion regarding which messages/PDUs to be introduced in NR RRC, whereupon following agreement was noted that strives for limiting number RRC messages for the NR system. 
Agreement

1
Aim to limit the number of RRC messages i.e. avoid introducing several messages with similar content/ similar procedural handling (details can be discusses when more progress has been made on the individual procedures)

During the previous RAN WG2 meeting a number papers on the RRC message harmonization were submitted [1-10], but no decision was reached. In this contribution, we detail further our technical views presented on earlier in [1] on which messages could be potentially unified tackling separately connection management, security, and UE information messages. 
2
Discussion

2.1
General considerations
In our previous contribution we suggested reducing the number of messages by unification/ combining, in particular focusing on:

-
Messages with the same/ similar content

-
Messages having the same/ similar procedural aspects

The main problem of having a number of different messages with same/ similar content is that specifications (ASN.1 syntax) get more complex and likelihood of divergence increases. A problem that was experienced in UMTS was that extensions had to be added to many messages, whereupon sometimes some extensions were even missed. If the messages use common IEs, and the extensions are added to these IEs this problem does not appear. Moreover, it may be possible to use type casting possibly in combination with use of WITH field fieldname ABSENT/ PRESENT to handle differences in presence of fields. In other words, a general reconfiguration message type could be created with different instances for connection setup or reconfiguration. Both approaches involve some signaling overhead and hence may be less suitable for really size critical messages. Another point is that this careful design of the reconfiguration message type is required, also when future extensions are introduced; i.e. without this the problem is likely to re-appear soon. In general, careful design can reduce some of the problems related multiple messages including the same/ similar content (e.g. use of common and extensible IEs and type casting). There however is a fair risk for the problem to re-appear when such design aspects are not sufficiently considered when adding extensions.
For the sake of clarity, we will distinguish three major cases, i.e. connection management messages, security messages, and messages for transfer/ reporting of UE information.

2.2
Connection management messages

There are quite a few connection management RRC messages in LTE now with similar dedicated resource configuration parameters, such as setup, re-establishment, resume and re-configuration. The main differences between them concern the SRB bearer over which a message can be sent, security, message contents as well as behavioral differences. 
With regards to the unification of the connection management messages, the following "levels" of unification could be envisioned depending on which messages and for which procedures we could merge. Referring to tables in Annex, we also illustrate the outcome of the unification approach, in which we first column show a baseline LTE message and the second column present the unified NR message.
-
As a first unification step, we could consider merging connection resume and the connection re-establishment procedures, as further detailed in Annex A. As also noted by other proponents, these procedures are very similar in LTE and even require a UE to convey the same information to a new eNB, i.e. old eNB ID and UE context ID in the old cell. As a result, these procedures could be unified by introducing a common "request" message, which in particular can be also used for other purposes, such as RAN area update. As the response message from the network, one could consider RRC re-configuration message. Indeed, as already contemplated in several papers, the network should be able to instruct the UE to take different actions in response to the received request, so it is more than logical to assume usage of the RRC re-configuration message, which could also provide additional parameters needed for the target state. 

-
Annex B shows another incremental step towards message unification, at which RRC Connection Reject and Connection Release messages are further merged with the RRC re-configuration command. The premise idea is that one can construe this RRC re-configuration command as a generic "response" message that can tell a cause, i.e. reconfiguration/reject/release, as well as provide all the necessary parameters to execute the command actual command. 
-
As the next logical unification step, one could consider applying the same principle to the connection establishment messages. There is a marginal difference between a "request" message asking for a new connection and a request message asking for a connection re-establishment or resume. Furthermore, it is assumed that the network should be able to ask a UE to establish a new connection in response to the resume request by means of e.g. RRC re-configuration command; and if so, then the same message can convey the same information needed to set up the RRC connection when a "normal" connection request is received. The corresponding outcome of unifying these messages can be seen in Annex C. Annex D also contains a set of signaling diagrams showing how final RRC procedures might look like.
As expressed in some paper submitted to RAN#100 meeting [2-10], it might be difficult to unify RRC connection setup messages with other RRC connection re-configuration commands. At the same time, we cannot see any fundamental obstacle for merging other RRC messages. In [11], we present further technical details and a text proposal on how the corresponding unified messages could be introduced into the NR RRC specification.
Proposal 1:
Consider merging the connection management messages, at least at the basic level by unifying connection re-establishment and resume procedures.

2.3
Security management messages

With regards to the security management messages, i.e. Security Mode Command, Security Mode Complete, Security Mode Failure, our view is that they can be also merged with the RRC re-configuration framework. Even though one could argue that security procedures are different from the RRC connection management thus requiring separate messages, our understanding is that we will maintain all the existing procedures and the question is only which message and/or which container in a particular message triggers the corresponding procedure. A similar approach was already taken for the measurement configuration commands when the LTE system was developed. While in UMTS measurements are handled through a separate set of messages requiring the network to issue independently connection and measurement configuration commands, the LTE system allows to perform these actions in one shot.

It should be noted that some configuration actions, such as mobility and DRB establishment, can only be performed after security activation, but this however should not block the merging. The corresponding outcome is shown in Annex D.
Proposal 2:
Consider merging of the security mode messages with the unified RRC connection management messages. 
2.4
Information management messages 

There are several messages related to transfer/ reporting of information detected or collected by the UE. Moreover, the UE behavioral requirements are the same or similar for several messages, i.e., merging of the messages would thus also simplify/ reduce the procedural specification.
Table 1: Messages used to transfer/ report UE information
	Message
	Remarks/ main characteristics

	InDeviceCoexIndication,
InterFreqRSTDMeasurementIndication,
MBMSInterestIndication,
ProximityIndication,
SidelinkUEInformation,
UEAssistanceInformation (power preference)
WLANConnectionStatusReport
	Status reporting
Triggered upon initial condition met and upon subsequent change. Some repeated after HO if indicated < 1s before HO (IDC, MBMS interest, SL UE info)

	SCGFailureInformation
	Failure info reporting
Immediate reporting i.e. no delayed retrieval as e.g. for logged information

	MeasurementReport
	Measurement info reporting
Immediate reporting when UE determines that a trigger condition is met

	CounterCheck/CounterCheckResponse,
MBMSCountingRequest/ MBMSCountingResponse
UECapabilityEnquiry/UECapabilityInformation,
UEInformationRequest/ UEInformationResponse
	Retrieval of information
UE may indicate availability (logged measurements, failure info), network retrieves (part of the) information


Some considerations regarding the merging options:
-
It seems well possible to merge some of the messages listed in Table 1. We think there are two main options to consider: a) merge the status reporting messages (IDC, inter-frequency RSTD, MBMS interest, proximity, SL UE information, UE assistance and WLAN status); b) merge the status reporting and information retrieval messages (i.e. also merge counter check, MBMS counting, UE capability and UE information).
-
It is currently unclear how the discussed functionality would be provided in NR. Rather than using UE information related messages, some functionality could be realized by use of dynamic capabilities (e.g. WLAN status). Also a DCCH reconfiguration request, if introduced, could address some of the functionality (although in a more direct way than providing assistance).
-
We think it is desirable to maintain separate sub-clauses for the setting of some message contents, at least for measurement report, UE capabilities, MBMS interest and sidelink UE information. This may however not really preclude some kind of unification.

Proposal 3:
Consider merging of the information management messages.
3 Conclusion
In this discussion paper we have presented our further views on how it is possible to unify RRC message for NR aiming to have fewer RRC messages when compared to the current LTE specifications. According to our technical analysis, unification of the UE information messages is orthogonal to the security and connection management messages, and thus almost any kind of unification/merging approach could be taken irrespective of other changes. The security management messages can be potentially merged with the connection management ones. As for the connection management messages, we have outlines several "levels" of potential unification showing which RRC messages can be merged at each step. 
As a summary of our paper we suggest:

Proposal 1:
Consider merging the connection management messages, at least at the basic level by unifying connection re-establishment and resume procedures.
Proposal 2:
Consider merging of the security mode messages with the unified RRC connection management messages. 
Proposal 3:
Consider merging of the information management messages.
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Annex A: Unification of RRC messages
	Original message (LTE)
	Unified message

	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete
RRC Connection Reject
	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete
RRC Connection Reject

	RRC Connection Resume Request
RRC Connection Re-establishment Request
	RRC Request

	RRC Connection Re-establishment
RRC Connection Re-establishment reject

RRC Connection Resume
	RRC Connection Reconfiguration

	RRC Connection Resume Complete

RRC Connection Re-establishment Complete
	RRC Connection Reconfiguration Complete

	RRC Connection Release 
	RRC Connection Release 

	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete

	Security Mode Command

Security Mode Complete 
Security Mode Failure
	Security Mode Command 

Security Mode Complete 
Security Mode Failure

	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response
	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response

	Measurement Report
	Measurement Report


Annex B: Unification of RRC messages

	Original message (LTE)
	Unified message

	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete
	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete

	RRC Connection Reject
	RRC Connection Reconfiguration

	RRC Connection Resume Request
RRC Connection Re-establishment Request
	RRC Request

	RRC Connection Re-establishment
RRC Connection Re-establishment reject

RRC Connection Resume
	RRC Connection Reconfiguration

	RRC Connection Resume Complete

RRC Connection Re-establishment Complete
	RRC Connection Reconfiguration Complete

	RRC Connection Release 
	RRC Connection Reconfiguration

	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete

	Security Mode Command

Security Mode Complete 
Security Mode Failure
	Security Mode Command 

Security Mode Complete 
Security Mode Failure

	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response
	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response

	Measurement Report
	Measurement Report


Annex C: Unification of RRC messages
	Original message (LTE)
	Unified message

	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete
	RRC Request
RRC Connection Reconfiguration
RRC Connection Reconfiguration  Complete

	RRC Connection Reject
	RRC Connection Reconfiguration

	RRC Connection Resume Request
RRC Connection Re-establishment Request
	RRC Request

	RRC Connection Re-establishment
RRC Connection Re-establishment reject

RRC Connection Resume
	RRC Connection Reconfiguration

	RRC Connection Resume Complete

RRC Connection Re-establishment Complete
	RRC Connection Reconfiguration Complete

	RRC Connection Release 
	RRC Connection Reconfiguration

	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete

	Security Mode Command

Security Mode Complete 
Security Mode Failure
	Security Mode Command 

Security Mode Complete 
Security Mode Failure

	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response
	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response

	Measurement Report
	Measurement Report


Annex D: Exemplary signaling diagrams based on the full unification of the RRC messages
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Annex E: Unification of security messages
	RRC Connection Request
RRC Connection Setup
RRC Connection Setup Complete
	RRC Request
RRC Connection Reconfiguration
RRC Connection Reconfiguration  Complete

	RRC Connection Reject
	RRC Connection Reconfiguration

	RRC Connection Resume Request
RRC Connection Re-establishment Request
	RRC Request

	RRC Connection Re-establishment
RRC Connection Re-establishment reject

RRC Connection Resume
	RRC Connection Reconfiguration

	RRC Connection Resume Complete

RRC Connection Re-establishment Complete
	RRC Connection Reconfiguration Complete

	RRC Connection Release 
	RRC Connection Reconfiguration

	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete

	Security Mode Command

Security Mode Complete / Failure
	RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete

	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response
	UE Information Request
UE Information Response
UE Capability Enquiry
UE Capability Information
Counter Check
Counter Check response

	Measurement Report
	Measurement Report


