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Discussion and decision
1 Introduction

Dual active protocol stacks has been agreed in LTE as solution for HO interruption time reduction. In [4], many companies support same solution for NR. 
In this contribution, we provide further details on some control plane issues such as handling on SRBs, RLM, RLF, RRM, system information and paging handling on dual active protocol stacks (DAPS).  
2 Discussion
Based on [4], in dual active protocol stack based HO, for DL data, UE can support simultaneous data reception, but for UL the UE can only have single UL data transmission (i.e no UL data duplication to both gNBs, but the UE may support DL feedback to source and new UL data transmission in target simultaneously).  
With dual active protocol stack, UE will exchange RRC signaling messages with source gNB until UE receives handover commandand then UE stops processing any RRC signaling messages from source gNB. Upon receiving HO command from source gNB, UE RRC configures the SRB/DRB protocol stacks responsible for target cell and then sends RRC Reconfiguration Complete message to target gNB. UE starts exchanging further RRC signaling messages with target gNB only after successful HO to target gNB. UE does not expect any RRC messages generated by the target cell until it completes the transmission of HO complete message. 
Observation 1. UE exchanges RRC signalling message with only one gNB at any given instance of time. UE exchanges RRC signalling messages with source gNB until UE receives HO command from source gNB and UE switches RRC signalling message exchange to target gNB after successful HO completion to target gNB.
Observation 2. UE does not expect any RRC messages generated by target node until the successful transmission of HO complete message.
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Figure 2 Handling of SRBs associated with Source and Target

Therefore, there should be a clear understanding on which node is responsible for the RRC connection of the UE and which node generates the RRC message. That is, there should be only one node generating the RRC messages to the UE at any given time. This will maintain the architecture of single connectivity of RRC protocol and helps to simplify UE RRC protocol implementation, otherwise we will need to make sure RRC message consistency between source and target nodes and the inter-node RRC communication. 

For legacy HO, the UE will detach from source cell upon reception of HO command, therefore the UE will not receive any further messages from the source. However as proposed in [4], the UE switches UL new data transmission to target gNB only upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed. It would be good to let the UE maintain the RRC configuration with source in order to avoid HO failure (T304 expires) until the UE finishes RACH procedure, and sends RRCReconfigurationComplete message to target successfully. 
Observation 3. UE can maintain the SRB configuration with source in order to avoid HO failure (T304 expires) until the UE finish RACH procedure, and send RRCReconfigurationComplete message to target successfully.

Proposal 1. UE stops processing any RRC signaling messages to & from source gNB after receiving HO command message but maintains the RRC connection context with source cell until HO complete message is sent to target cell successfully.

Proposal 2. Once RRCReconfigurationComplete message is sent successfully to the target cell, UE can switch the RRC protocol signaling processing towards the target cell to receive any further RRC messages, the source SRB resources are released upon receiving explicit release from target node. 
In legacy HO, the UE will start T304, and RLF will not be triggered while T304 is running. For dual active protocol stack, the source path will be still there even if T304 is stopped (HO to target gNB is successful) until target node releases it explicitly or implicitly. For legacy handover, RLM/RLF is only performed in source cell before handover and change to the target cell after handover (RLF is not triggered during the handover ). The question is whether RLM/RLF should be continued in source path after handover since source link is still there when RLM/RLF is ongoing in target cell? To our understanding, the maintenance of source path during the HO is to reduce the interruption time and also could increase robustness. 
It is possible that after HO to target gNB, UE may start moving towards source gNB (ping-pong mobility) and deteriorated target cell radio conditions may cause UE to encounter RLF scenario and at the same time (if source cell connection is not yet released by UE) UE maintaining RLM procedure with source cell after HO to target cell will help UE to avoid triggering RLF due to target cell connection failure. Source cell connection can be used as fall-back connection without UE requiring suspending (upon successful HO to target cell) and resume source cell RLM (upon detecting target cell RLF). Resuming RLM for source connection and UE deciding whether source cell is still useful or not itself will take some time and this delay can be avoided by having continued source cell RLM even after successful HO. Hence it is useful to continue RLM on source cell connection even after enhanced MBB HO execution is successful until source cell connection is released by UE. 

There is no need to initiate reestablishment when one of the links fails since the other link is available. To increase the handover robustness, we should allow two RLF timers for RLM on source cell and target cell after handover and the UE only triggers reestablishment when both links have problem.

Proposal 3. Timer T304 is reused as in legacy handover with same start and stop conditions.

Proposal 4. UE continues RLM for source cell after receiving HO command until the source cell is released.

Proposal 5. UE starts RLM for target cell after HO complete (RRCReconfigurationComplete) message is transmitted to the target cell successfully.

Proposal 6. The UE maintains two RLM/RLF timers and constants on source and target cell after handover.

During the period of RACH procedure and HO complete message transmission to the target node, if HO failure happens due to channel condition (e.g., RLF in target link) or some other reason, the UE can just use source link to indicate the failure to source instead of starting reestablishment process since source cell is still maintained unless the target cell indicates to release the source. Therefore, UE performs RLM for target cell after T304 is stopped. It is also possible that RLF may occur at target after T304 is stopped.
Proposal 7. The UE indicates failure of the target to source gNB instead of starting re-establishment procedure if T304 expires or RLF is only triggered for the target cell before source cell is released.

Proposal 8. RRC connection re-establishment is triggered only when: 
· RLF is triggered for both source and target cell or
· T304 is expired and RLF is triggered for the source cell.

As in legacy, in handover with simultaneous connectivity, it is not necessary to perform RRM and send measurement report once timer T304 is started (i.e., after receiving HO command from the source). It is because UE is starting to access the target cell and immediate update of HO command or new HO command may not be necessary. This also simplifies the handover procedure.Therefore as legacy, for DAPS, the UE stops RRM (overall measurement configuration configured by source will not take effect, the UE will not perform measurement, not use the measurement gap and not trigger measurement report).  
Proposal 9. After receiving HO command (RRCReconfiguration) from source cell, UE stops RRM and does not trigger measurement report for the source cell.

Since SIB1 of the target cell can be provided in the RRCReconfiguration (HO command) message, UE is aware of the paging configuration of the target cell. Therefore, it is not necessary to monitor the paging channel of the source cell for any paging for any system information updates or ETWS or CMAS or any CN paging. However, when UE falls back to source cell and resumes connection to source due to HO failure, UE will have to switch to monitor/receive these informationfrom the source cell.
Proposal 10. After receiving HO command (RRCReconfiguration) from source cell, UE stops system inforamtion updates, paging, ETWS, CMAS reception for the source cell. 

Proposal 11. The UE starts RRM, system inforamtion updates, paging, ETWS, CMAS in source cell once resuming the connection to source (based on P7) successfully.
3 Conclusion

The observations captured are the following:
Observation 1.
UE exchanges RRC signalling message with only one gNB at any given instance of time. UE exchanges RRC signalling messages with source gNB until UE receives HO command from source gNB and UE switches RRC signalling message exchange to target gNB after successful HO completion to target gNB.
Observation 2.
UE does not expect any RRC messages generated by target node until the successful transmission of HO complete message.
Observation 3.
UE can maintain the SRB configuration with source in order to avoid HO failure (T304 expires) until the UE finish RACH procedure, and send RRCReconfigurationComplete message to target successfully.

The followings are proposed:
Proposal 1.
UE stops processing any RRC signaling messages to & from source gNB after receiving HO command message but maintains the RRC connection context with source cell until HO complete message is sent to target cell successfully.
Proposal 2.
Once RRCReconfigurationComplete message is sent successfully to the target cell, UE can switch the RRC protocol signaling processing towards the target cell to receive any further RRC messages, the source SRB resources are released upon receiving explicit release from target node.
Proposal 3.
Timer T304 is reused as in legacy handover with same start and stop conditions.
Proposal 4.
UE continues RLM for source cell after receiving HO command until the source cell is released.
Proposal 5.
UE starts RLM for target cell after HO complete (RRCReconfigurationComplete) message is transmitted to the target cell successfully.
Proposal 6.
The UE maintains two RLM/RLF timers and constants on source and target cell after handover.
Proposal 7.
The UE indicates failure of the target to source gNB instead of starting re-establishment procedure if T304 expires or RLF is only triggered for the target cell before source cell is released.
Proposal 8.
RRC connection re-establishment is triggered only when:
-
RLF is triggered for both source and target cell or
-
T304 is expired and RLF is triggered for the source cell.
Proposal 9.
After receiving HO command (RRCReconfiguration) from source cell, UE stops RRM and does not trigger measurement report for the source cell.
Proposal 10.
After receiving HO command (RRCReconfiguration) from source cell, UE stops system inforamtion updates, paging, ETWS, CMAS reception for the source cell.
Proposal 11.
The UE starts RRM, system inforamtion updates, paging, ETWS, CMAS in source cell once resuming the connection to source (based on P7) successfully.
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