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1 Introduction

In RAN2 #97bis, the following agreements were made related to Split SRB [1]:

=>
Split SCG SRB for LTE/NR dual connectivity will not be supported in Rel-15

Agreements

1
Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.
Agreements

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

2: 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)

3:
For MCG split SRB, in downlink, selection of transmission path depends on network implementation.

Agreements:

1: In LTE-NR DC, following SgNB failure cases need to be supported:

-
SgNB RLF;
-
SgNB change failure;

-
exceeding the maximum uplink transmission timing difference (if EN-DC supports the synchronised operation case which is RAN1 decision);

-
SgNB configuration failure (only for message on SCG SRB);

-
SgNB RRC integrity check failure;

2: In LTE-NR DC, the UE shall report the SCGFailureInformation to the MeNB instead of triggering the reestablishment upon SgNB failure.

3: 
Upon SgNB failures, UE shall:

-
Suspend all SCG DRBs and suspend SCG transmission for MCG split DRBs, and SCG split DRBs;

-
Suspend direct SCG SRB and SCG transmission for MCG split SRB;
-
Reset SCG-MAC;

-
send the SCGFailureInformation message to the MeNB with corresponding cause values .
In RAN2 #98, the following agreements were made [2]:

Agreement:

Working assumption (SCG integrity protection failure case is to be confirmed after SA3 response) : At SCG failure (all cases) only the SCG part of MCG/SCG split bearers should be suspended. (Already agreed for the SCG bearer and the SCG SRB)

Finally, in RAN2 AdHoc #2, the following agreements were made [3]:
Agreements

1:
MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.

2:
For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.
FFS Duplication on SRB for CA cases 

FFS Behaviour in the case of SCG failure when SCG is the configured path.

Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

In this contribution, we discuss further details of duplication and routing on SRB.
2 Duplication on SRB 
2.1 Handling of Duplication on SRB in CA

Duplication via carrier aggregation has been discussed thus far for DRB, but not for SRB.  The benefits of duplication for SRB in carrier aggregation are similar to those for DRB.  For instance, given that the range of different serving cells may be different in carrier aggretion, duplication of the SRB in the two carriers would benefit UEs at cell edge.  It would be natural to support duplication on SRB using carrier aggregation. 

Similar to what was agreed for DRBs, there is no need to perform duplication at both the carrier aggregation and dual connectivity levels simultaneously.  Since a split SRB will support duplication via MCG and SCG if the network configures it, duplication through carrier aggregation for a split SRB is not needed.
Proposal 1:
CA packet duplication on SRB is supported only for non-split SRB 
MAC-layer activation/deactivation of duplication in dual connectivity was agreed for DRB but not for SRB as the latency required for turning duplication on and off was not considered critical for SRB.  For the same reasons, it would seem unnecessary to turn on and off duplication at the carrier aggregation level and RRC configuration should be sufficient also for this case.

Proposal 2:
CA packet duplication for SRB is enabled/disabled through RRC signalling.  

In LTE, RRC signalling is transmitted on the PCell only and as a result RLM/RLF is performed only on the PCell.  This avoids the need to perform RLM on several carriers or define rules for which carrier on which to perform RLM.  A similar approach should be adopted for NR even when duplication of SRB is considered. 

When duplication is not used, or is disabled the carrier used to send the RRC signalling should always be the PCell.  In addition, the PCell should be one of the two carriers on which RRC signalling is transmitted when duplication is enabled.  With such an approach, the UE can continue to perform RLM on the PCell regardless of the configuration of SRB duplication.

Proposal 3:
For CA in NR, RRC Signaling is always transmitted on the PCell, in addition to one SCell (in case duplication is enabled).

Proposal 4:
For CA in NR, RLM is performed only on PCell whether duplication is enabled or not.

2.2 Handling of Duplication on Split SRB

For EN-DC, it was agreed that split SRB is supported for both SRB1 and SRB2, but not for SRB0.  Given that different messages with different priorities go over SRB1 and SRB2, the network should be able to configure SRB1 or SRB2 or both as split SRBs.  The setup of SRB1 and SRB2 is done separately and therefore, the configuration of split SRB for each of SRB1 and SRB2 can be easily implemented using similar modelling to DRB.  

Proposal 5:
Each of SRB1 and SRB2 can be configured individually as split or non-split SRB.   

For the same reasons, whether duplication is performed on a split SRB or not should be configured separately for each of SRB1 and SRB2.  For instance, the network may want to configure duplication for the RRC signalling on SRB1, but it may be acceptable to allow NAS signalling on SRB2 to be transmitted with lower reliability.  This is also consistent with what was agreed for DRBs, where duplication is configured per DRB and not per UE.  

Proposal 6:
The UL transmission path,MCG, SCG, or both (duplication), is configured individually for SRB1 and SRB2. 

It was a agreed that at SgNB failure, the UE suspends all SCG transmissions, including SRBs.   However, if the UL transmission path of a split SRB is configured on SCG, then a failure to transmit SRBs on the configured SCG path can occur.    If the quality of MCG is acceptable, the UE should be allowed to transmit on the MCG even if the main UL transmission path is SCG.   The network can eventually reconfigure the UL transmission path but this would result in unnecessary RRC signalling and undefined UE behaviour.

Therefore, the UE should temporarily change the UL path of the split SRB to the MCG path.  This behaviour is necessary especially to allowthe UE to transmit the SCGFailureInformation message successfully to the MeNB and  could also be beneficial for SRB2 configured as split SRB . 

Proposal 7:
Upon SCG Failure, the UE is allowed to switch the UL transmission path of a split SRB to the MCG until a new SCG is configured, or the SRB is reconfigured.
Prior to declaring SCG failure, a UE can encounter radio link problems (e.g. OOS or beam failure), during which time the UE will not be able to transmit any SRBs configured with UL transmission path on SCG.  .  Such PHY layer problems may delay or impair important RRC procedures (e.g. a HO (on MCG) from occurring).  
A temporary change in the UL path for such an error case could avoid failed or delayed handovers when UL transmission is configured on SCG.  It will also be beneficial for NR-NR DC where simultaneous link problems with both SCG and MCG may happen suddenly due to high frequency fading on both legs.
Proposal 8:
The UE is allowed to temporarily switch the UL transmission path of a split SRB to MCG upon detection or radio link problem (e.g. OOS or beam failure) on the SCG. 

3 Conclusion

In this contribution the following proposals we made related to duplication and routing on SRB:

Proposal 1:
CA packet duplication on SRB is supported only for non-split SRB 
Proposal 2:
CA packet duplication for SRB is enabled/disabled through RRC signalling.  

Proposal 3:
For CA in NR, RRC Signaling is always transmitted on the PCell, in addition to one SCell (in case duplication is enabled).

Proposal 4:
For CA in NR, RLM is performed only on PCell whether duplication is enabled or not.

Proposal 5:
Each of SRB1 and SRB2 can be configured individually as split or non-split SRB.   

Proposal 6:
The UL transmission path,MCG, SCG, or both (duplication), is configured individually for SRB1 and SRB2. 

Proposal 7:
Upon SCG Failure, the UE is allowed to switch the UL transmission path of a split SRB to the MCG until a new SCG is configured, or the SRB is reconfigured.

Proposal 8:
The UE is allowed to temporarily switch the UL transmission path of a split SRB to MCG upon detection or radio link problem (e.g. OOS or beam failure) on the SCG. 
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