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Introduction
In RAN2#97, it was agreed that for the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message with an embedded SN RRC message is delivered via MCG SRB. On top of the MCG SRB, it was also agreed that the UE can be configured with an SCG SRB to allow SN RRC messages to be sent directly between UE and SN. The SCG SRB could be used by SN RRC reconfigurations not requiring any coordination with MN.
In this paper, we further discuss the use and configuration of the new SCG SRB, e.g.
· Configurability of MCG and SCG SRB
· Configuration of SCG SRB (by MN or SN)
· Mapping of MN and SN RRC messages on SCG SRB and MCG SRB
The scope of this contribution is option 3, where MN is LTE and SN is NR.
[bookmark: _Ref178064866]Discussion
SCG SRB configuration
As agreed during RAN2#97, for SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message with an embedded SN RRC message. The MCG SRB is needed for these reconfigurations. It has also been agreed that the UE should keep a single RRC state, controlled by the MN. For these reason, an MCG SRB will always be configured.
MCG SRB is needed for state transitions and (re-)configurations involving both MN and SN.
On top of the MCG SRB, the network can also configure an SCG SRB, to allow direct transmission of SN RRC between the SN and the UE. We note that the latency gains of having SCG SRB directly between SN and UE is only true is some deployments, namely where MN and SN are non-co-located. In co-located deployments there is no need for SCG SRB. 
In network deployments where MN and SN are co-located, there is no gain of SCG SRB.
[bookmark: _Toc477470451][bookmark: _Toc477861335][bookmark: _Toc477870612][bookmark: _Toc477985720][bookmark: _Toc478067922][bookmark: _Toc478069015][bookmark: _Toc478069043][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc477332734][bookmark: _Toc477461231][bookmark: _Toc478169468]MCG SRB is always configured.
[bookmark: _Toc477470452][bookmark: _Toc477861336][bookmark: _Toc477870613][bookmark: _Toc477985721][bookmark: _Toc478067923][bookmark: _Toc478069016][bookmark: _Toc478069044][bookmark: _Toc478169469]SCG SRB can be configured based on network decision.

The configuration of SCG SRB could follow similar principle as configuration of SCG DRB in LTE DC. In LTE DC, MeNB decides the addition and requests the setup of SCG DRBs from SeNB by forwarding DRB-InfoSCG-r12 in drb-ToAddModListSCG in internode message SCG-ConfigInfo. The SeNB then provides the SCG DRB configuration in DRB-ToAddMod in drb-ToAddModListSCG of SCG-Config. Similarly, for the SCG SRB, a new IE srb-ToAddModListSCG could be defined, where MN requests the setup of SCG SRB and SN responds with the selected SRG SRB configuration. So, MN requests setup of SCG SRB and SN provides the configuration in NR RRC. For EN-DC, the SCG SRB will compose of NR PDCP, RLC, MAC and L1, see figure. Thus, it makes sense that the configuration is made using NR RRC from the secondary node.
[bookmark: _Toc477985722][bookmark: _Toc478067924][bookmark: _Toc478069017][bookmark: _Toc478069045][bookmark: _Toc477332735][bookmark: _Toc477461232][bookmark: _Toc477470453][bookmark: _Toc477861337][bookmark: _Toc477870614][bookmark: _Toc478169470]Addition of SCG SRB is decided by MN.
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Figure 1: RRC mapping to MCG SRB and SCG SRB.

Mapping of RRC messages on SCG and MCG SRBs
In order to minimize changes to LTE RRC, it seems straightforward that MN LTE RRC messages should be mapped only to MCG SRB.
[bookmark: _Toc477470454][bookmark: _Toc477861338][bookmark: _Toc477870615][bookmark: _Toc477985724][bookmark: _Toc478067926][bookmark: _Toc478069019][bookmark: _Toc478069047][bookmark: _Toc478169472]All LTE RRC messages are mapped to MCG SRB.
NR RRC messages can be either encapsulated in LTE RRC message and mapped to MCG SRB, or mapped directly to SCG SRB. During the SI phase RAN2 agreed the following general rules:
· For the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message is delivered with an embedded SN RRC message.
· For SN RRC reconfigurations not requiring any coordination with MN then SN RRC messages can be transported directly to the UE (or eNB implementation can be deliver it embedded within a MN RRC message)
In the specifications, the focus should be on the mapping of uplink NR RRC messages to MCG SRB or SCG SRB, if SCG SRB is configured. Preferably clear rules can be defined per message type how the mapping is to be done, in case SCG SRB is configured.
In the downlink, mapping may not be so straightforward. For instance, for the RRC connection reconfiguration procedure, mapping will depend on whether capability coordination is needed or not. This may not be so easy to express in the RRC specification, since it will depend on the existence and content of Information Elements contained in the RRCConnectionReconfiguration message. To the UE, it should not matter whether a RRC message is received via the MCG SRB or the SCG SRB, if configured. Thus, mapping of downlink NR RRC messages to MCG SRB or SCG SRB should preferably be left to network implementation. 
[bookmark: _Toc478069020][bookmark: _Toc478069048][bookmark: _Toc478169473]The specifications should describe the mapping of uplink NR RRC messages to MCG SRB or SCG SRB (if configured). 
[bookmark: _Toc478169474]Mapping of downlink NR RRC messages to MCG SRB or SCG SRB can be left to network implementation.

In the following, we go through some key RRC procedures and discuss the mapping of RRC messages on MCG SRB or SCG SRB.
Paging & RRC connection establishment
During study item phase, it was agreed the UE has a single RRC state machine based on the master node RAT. This implies connection control and UE state handling is controlled by the master node and thus procedures related to this should be mapped to MCG SRB. Thus, procedures for paging and RRC connection (re-)establishment, including messages for RRC connection setup, resume and release, are handled by LTE RRC and cannot be mapped to the SCG SRB.
[bookmark: _Toc477861339][bookmark: _Toc477870616][bookmark: _Toc477985725][bookmark: _Toc478067927][bookmark: _Toc478069021][bookmark: _Toc478069049][bookmark: _Toc478169475]Messages of Paging and RRC connection establishment, re-establishment, resume and release procedures are handled by LTE and thus mapped to MCG SRB.
Initial security activation
Procedures for Initial security activation, including Security command messages, cannot be mapped to the SCG SRB, as this procedure is performed before activating DC.
[bookmark: _Toc477861340][bookmark: _Toc477870617][bookmark: _Toc477985726][bookmark: _Toc478067928][bookmark: _Toc478069022][bookmark: _Toc478069050][bookmark: _Toc478169476]Messages of Initial security activation procedures are handled by LTE RRC and thus mapped to MCG SRB.
RRC connection reconfiguration
With the decision from the study item phase that SN generates NR RRC PDUs (for option 3), RRC connection reconfiguration could be triggered by either MN or SN. If the reconfiguration involves both MN and SN RRC reconfiguration, the messages will be mapped to MCG SRB according to agreement from study item, see figure.


Figure 2: NR RRC PDUs sent over MCG SRB encapsulated in LTE RRC PDU.
If the reconfiguration involves only SN RRC reconfiguration, the messages can be mapped to SCG SRB, if configured, see figure. 


Figure 3: NR RRC PDUs sent directly to UE via SCG SRB.
In both cases, it would be natural that the RRC connection reconfiguration complete message would be sent on the same SRB as the received configuration message, so that it is received by the same RRC entity that triggered the procedure. Thus, a conclusion for mapping could be that RRC configuration complete messages should be mapped to the same SRB as the message initiating the procedure. 
[bookmark: _Toc477470456][bookmark: _Toc477861341][bookmark: _Toc477870618][bookmark: _Toc477985727][bookmark: _Toc478067929][bookmark: _Toc478069023][bookmark: _Toc478069051][bookmark: _Toc478169477]NR RRC complete messages are mapped to the same SRB as the message initiating the procedure.
[bookmark: _MON_1267948855]SCG failure information


Figure 5: SCG failure information
The SCG failure information procedure is used to inform the network about an SCG failure the UE has experienced i.e. SCG radio link failure, SCG change failure. Due to the SCG failure there is little point of trying to send the SCGFailureInformation message over the SCG SRB. Therefore, this message is best transmitted via the MCG SRB.
[bookmark: _Toc477985731][bookmark: _Toc478067933][bookmark: _Toc478069027][bookmark: _Toc478069055][bookmark: _Toc478169478]SCG failure information procedure is handled by LTE RRC and mapped to the MCG SRB. 
Measurement report
During the study item, the following was agreed regarding transmission of measurement report:
· Measurement reporting for mobility within the SN can be transported in SN RRC messages directly from UE to SN, if SCG SRB is configured.
The agreement limits the usage of SCG SRB for measurement reporting for mobility within the SN. This restriction seems however maybe a bit difficult, since as is the case in LTE, the UE may not be aware of the mapping from cells to nodes. Thus, it would be preferable if the usage of SCG SRB would not depend on whether mobility is within the SN or not.
In [1], we discuss the procedure for SN change, i.e. change from a source SeNB (S-SeNB) to a target SeNB (T-SeNB). In the proposed procedure, measurement reports are processed by S-SeNB, which if needed may trigger the SN change procedure. To determine whether Xn connectivity is available between the MeNB and the projected T-SeNB, the SeNB includes the reported PCI in a SgNB Change request message, which is sent to the MeNB. With the proposed procedure, the NR measurement report can be mapped to the SCG SRB, regardless whether the handover is within or between SN.
[bookmark: _Toc478067934][bookmark: _Toc478069028][bookmark: _Toc478069056][bookmark: _Toc478169479]NR RRC measurement reports for intra or inter SN mobility are mapped to SCG SRB, if SCG SRB is configured. Otherwise, they are encapsulated in LTE RRC message and transmitted on MCG SRB, and forwarded to SeNB over Xn.
 
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	MCG SRB is always configured.
Proposal 2	SCG SRB can be configured based on network decision.
Proposal 3	Addition of SCG SRB is decided by MN.
Proposal 4	SCG SRB configuration is provided by NR RRC from SN.
Proposal 5	All LTE RRC messages are mapped to MCG SRB.
Proposal 6	The specifications should describe the mapping of uplink NR RRC messages to MCG SRB or SCG SRB (if configured).
Proposal 7	Mapping of downlink NR RRC messages to MCG SRB or SCG SRB can be left to network implementation.
Proposal 8	Messages of Paging and RRC connection establishment, re-establishment, resume and release procedures are handled by LTE and thus mapped to MCG SRB.
Proposal 9	Messages of Initial security activation procedures are handled by LTE RRC and thus mapped to MCG SRB.
Proposal 10	NR RRC complete messages are mapped to the same SRB as the message initiating the procedure.
Proposal 11	SCG failure information procedure is handled by LTE RRC and mapped to the MCG SRB.
Proposal 12	NR RRC measurement reports for intra or inter SN mobility are mapped to SCG SRB, if SCG SRB is configured. Otherwise, they are encapsulated in LTE RRC message and transmitted on MCG SRB, and forwarded to SeNB over Xn.
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Annex: Agreements from SI phase
In RAN2#97, the following agreements were made:
Agreements
1:	For the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message is delivered with an embedded SN RRC message.

2	UE can be configured with an SCG SRB to allow SN RRC messages to be sent directly between UE and SN.

3:	For SN RRC reconfigurations not requiring any coordination with MN then SN RRC messages can be transported directly to the UE (or eNB implementation can be deliver it embedded within a MN RRC message)

4	Measurement reporting for mobility within the SN can be transported in SN RRC messages directly from UE to SN, if SCG SRB is configured. Detail rules for UE to select transmission path for UL message to be defined in WI.

5	These agreement do not imply that the UE has to do any reordering of RRC messages.
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