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1 Introduction

In last few meetings, much progress was made for LTE-NR interworking. Some of the agreements related with SRB design are copied below [1] [2]:

NR ad hoc agreements
-
For LTE-NR tight interworking with NR as master then packet duplication with MSG split bearer on control plane is supported following agreements taken for packet duplication for NR-NR dual connectivity

RAN2 #97 agreements

-
For the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message is delivered with an embedded SN RRC message.

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

-
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)

-
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.

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

· Split SRB for EN-DC is supported

RAN2 #97-bis agreements
· Split SCG SRB for LTE/NR dual connectivity will not be supported in Rel-15

· Split SRB is supported for both SRB1 and SRB2. (Split SRB is not supported for SRB0)

· Split SRB should be decided and configured by MN in SeNB addition and/or Modification procedure, with SN configuration part provided by SN. (RAN3 can discuss whether there are cases where the SN may need to reject the split SRB configuration)

· For MCG split SRB, in downlink, selection of transmission path depends on network implementation.

This contribution clarifies the agreements and its implication in protocol design, and discusses approaches to simplify protocol complexity.
2 Discussion
2.1 SRBs and their transmission mechanisms
Based on the RAN2 agreements, new SCG SRB will be supported for the messages mainly managed by SN. RAN2 also agreed to support SRB Split for MCG SRB1 and SRB2. In addition, SRB duplication is supported for the MCG SRB1 and SRB2. The allowed combinations of LTE and NR SRBs are described in the Figure 1.
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Figure 1 Allowed combinations of SRBs
The SRB split and duplication can be used to enhance reliability of control plane, reduce signalling delay or recover from an erroneous situation. Different control method of the SRB split and duplication function can be considered for different use cases. 

- Enhanced reliability: If only SRB split is used, the UE needs to evaluate which link would be more reliable for initial transmission or re-transmission of RRC messages. Choosing more reliable link between two different RATs may require understanding on SINR, channel coding and other antenna dependent information of each RAT that leads to more specification work and testing. Using both SRB split and duplication together could be a simple alternative to enhance the reliability.
- Reduced signalling delay: It is hard for UE to estimate the scheduling latency or expected error rate of each link. Therefore, utilizing both link together will be needed to enhance (lower) signalling delay all the time.

- Recovery from an erroneous condition: SRB split can be configured and used to select normal link when one of the two links is in a problem. (e.g. MCG RLF) As this case happens rarely, using both SRB split and duplication together as for other use cases seems acceptable.
Based on reasons above, and considering tight development timeline for non-standalone NR (LTE-NR interworking), it will be beneficial to limit a number of combination of transmission mechanisms for release-15. As the amount of RRC signalling messages is not expected to be increased much from LTE, duplicating it always can be a simple solution for release-15.

Proposal 1. 
Uplink SRB duplication is always applied when SRB split is configured.
2.2 Static or dynamic control of SRB split and duplication
The need of a specific SRB and its configuration will be static and not be changed time to time. E.g. the need of SCG SRB will not be changed depending on radio condition. But the need of SRB split and duplication can have dynamic nature depending on its use case:

- Enhanced reliability: If SRB split and duplication is configured to enhance control plane reliability against radio link fluctuation, it will be required only when link quality of the MCG is expected to be bad. I.e. some level of dynamic turn-on and off based on link quality can be considered. 
- Reduced signalling delay: If SRB duplication is configured to reduce signalling delay (or control plane latency), it can be used statically only for delay sensitive messages (if any) regardless of radio condition.
- Recovery from an erroneous condition: If SRB split (and duplication) is configured as a recovery method of an erroneous situation, it can be used conditionally when the situation happens.

If the SRB split and duplication is used always after its configuration, more radio resource and UE battery can be consumed due to unnecessary duplication of RRC messages and possibly frequent RRC reconfiguration. There can be three approached to control this dynamic nature of SRB split and duplication as follow:

- Option 1 (Static control via RRC message): SRB split and duplication are configured by RRC signalling only when needed. SRB split and duplication are used statically. 
- Option 2 (Control based on pre-configured condition): SRB split and duplication are configured by RRC signalling with enabling condition such as link quality (e.g. LTE/NR RSRP), type of messages or allowed situation.
- Option 3 (New MAC CE): SRB split and duplication are configured by RRC signalling, but disabled by default. A new MAC CE is used to activate/deactivate the duplication.

The introduction of multi-step, multi-layer control as in option 3 is not preferred considering required control overhead and release-15 timeline. The need of control based on pre-configured condition (i.e. option 2) is FFS.
Proposal 2. 
SRB split and duplication is controlled by RRC configuration statically.
FFS: the need of more dynamic control of SRB split and duplication e.g. based on link quality.
2.3 Per-message split/duplication control
As the motivation of SRB split and duplication is mainly enhanced reliability, it can be applied to more important messages selectively. E.g. the messages related with maintaining connection can be selectively duplicated and messages such as UEInformationResponse, ProximityIndication, MBMSCountingResponse, etc. and messages on SRB2 may not be duplicated. This approached can be considered to minimize unnecessary UL duplication and power consumption. Each LTE and NR message needs to be reviewed quickly to judge the need of duplication.
Proposal 3. 
SRB split and duplication can be applied for limited RRC messages. 
Proposal 4. 
SRB split and duplication are not be used for messages such as UEInformationResponse, ProximityIndication, MBMSCountingResponse and messages on SRB2.
3 Conclusion
Based on the discussion above, approaches to simplify protocol overhead are proposed as below:
Proposal 1. 
Uplink SRB duplication is always applied when SRB split is configured.

Proposal 2. 
SRB split and duplication is controlled by RRC configuration statically.

FFS: the need of more dynamic control of SRB split and duplication e.g. based on link quality.
Proposal 3. 
SRB split and duplication can be applied for limited RRC messages. 

Proposal 4. 
SRB split and duplication are not be used for messages such as UEInformationResponse, ProximityIndication, MBMSCountingResponse and messages on SRB2.
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