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Discussion and decision
1 Introduction

In RAN2#106 meeting, the solution of dual active protocol stacks (DAPS) was agreed to minimize the handover interruption.  

Agreements

1
We will not specify single active protocol stack solution (option 0/1/2)

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).
In RAN2#107b, based on email discussion 107#29, RAN2 agreed the details on RLM/RLF for DAPS, and also agreed that the UE has only one RRC state/entity. 
However, the handling on RRM, system information, paging and how to release of source are still missing. In this contribution, we provide further details on some control plane issues such as handling on SRBs, release of source, RRM, system information and paging handling on dual active protocol stacks (DAPS).  
2 Discussion
With dual active protocol stack, UE will exchange RRC signaling messages with source eNB until UE receives RRC Connection Reconfiguration message (including MobilityControlInfo) and then UE stops processing any RRC signaling messages from source eNB. Upon receiving HO command from source eNB, UE RRC configures the SRB/DRB protocol stacks responsible for target cell and then sends RRC Connection Reconfiguration Complete message to target eNB. UE starts exchanging further RRC signaling messages with target eNB only after successful HO to target eNB. 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 eNB at any given instance of time. UE exchanges RRC signalling messages with source eNB until UE receives HO command from source eNB and UE switches RRC signalling message exchange to target eNB after successful HO completion to target eNB.
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. We assume that is the intention of the agreement RAN2 made in last meeting “UE has only one RRC state/entity.”.
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 agreed in RAN2#107, 
1 UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.

That is the UE switches UL new data transmission to target eNB only upon successful HO completion. As agreed in last meeting, when the DAPS handover fails, the UE resumes the DRB data transmission via the source link if the source link is still available , the UE should maintain the RRC configuration with source to enable the connection to the source to be resumed without the need for re-establishment in the event of HO failure on the target (T304 expiry)... 
Observation 3. UE can maintain the SRB configuration with source to enable the connection to the source to be resumed without the need for re-establishment in the event of HO failure on the target (T304 expiry)..

Proposal 1. UE stops processing any RRC signaling messages to & from source eNB after receiving HO command message but maintains the source SRB configuration and security configuration of source until HO is successfully completed.

Based on current RRC procedure, the UE should reconfigure the SRB based on target cell’s configuration indicated in HO command and this includes the re-establishment of PDCP entities for SRBs. For DAPS HO, to maintain the source configuration, the simple way is to establish PDCP entities for SRBs associated to the target node instead of reestablish original PDCP entity of source. 
Proposal 2. UE establishes PDCP entity for SRBs associated to the target node upon receiving DAPS HO command (instead of re-establishing PDCP entities for SRBs).
Proposal 3. Once HO is successfully completed, UE can switch the RRC protocol signaling processing towards the target cell to receive any further RRC messages.

Regarding the open issue, FFS how to detach from the source cell (seen from the NW’s side and UE’s side):

To fulfill the objective of ~0ms interruption during handover, it is important that possible interruption due to unsuccessful Msg3 transmission to target cell is taken into account. As source cell would not know exactly when HO is successfully completed, the source shall not stop the scheduling  until receiving the release indication from target. 

From the UE side, the UE can release the source cell and stop DL/UL reception/transmission upon the switching, i.e. once HO is successfully completed. However if the UE stops DL/UL reception/transmission earlier than the network, resources from source will be wasted. In order to ensure that the UE does not miss any DL transmissions or UL grants, the source has to stop transmissions and scheduling before the UE performs a release. That means explicit release is needed. In addition, we should avoid UE autonomous release as much as possible. Therefore the UE should release the source eNB connection and stop DL/UL transmission/reception only when the explicit release in RRC signalling is received from the target eNB. This makes the UE behavior deterministic and provides the flexibility to the network implementation. To have a predicable result, the procedure should be:

1. The target node indicates the release to source after successful HO;

2. The source stops the transmission and scheduling to the UE;

3. The target node indicates the release of source to the UE via RRC message.

Proposal 4. The UE releases the source SRB resources, security configuration of the source cell and stops DL/UL reception/transmission with source upon receiving explicit release (via RRC message) from target node.

Proposal 5. The source node releases the UE context, and stops DL/UL transmission/scheduling with the UE when it receives the “release” indication from target node.

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 RUDI, 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 6. After receiving DAPS HO command (RRCConnectionReconfiguration with mobility control info) from source cell, UE stops RRM and does not trigger measurement report for the source cell.

Since SystemInformationBlock1 (SIB1) and SystemInformationBlock2 (SIB2) of the target cell can be provided in the RRCConnectionReconfiguration (HO command) message, UE can be 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 information from the source cell.
Proposal 7. After receiving HO command (RRCConnectionReconfiguration with mobility control info) from source cell, UE stops system information updates, paging, ETWS, CMAS reception for the source cell. 

Proposal 8. The UE re-starts RRM, system information updates, paging, ETWS, CMAS in source cell once resuming the connection to source successfully when target cell is failed.
3 Conclusion

The observations captured are the following:
Observation 1.
UE exchanges RRC signalling message with only one eNB at any given instance of time. UE exchanges RRC signalling messages with source eNB until UE receives HO command from source eNB and UE switches RRC signalling message exchange to target eNB after successful HO completion to target eNB.
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 to enable the connection to the source to be resumed without the need for re-establishment in the event of HO failure on the target (T304 expiry)..

The followings are proposed:
Proposal 1.
UE stops processing any RRC signaling messages to & from source eNB after receiving HO command message but maintains the source SRB configuration and security configuration of source until HO is successfully completed.
Proposal 2.
UE establishes PDCP entity for SRBs associated to the target node upon receiving DAPS HO command (instead of re-establishing PDCP entities for SRBs).
Proposal 3.
Once HO is successfully completed, UE can switch the RRC protocol signaling processing towards the target cell to receive any further RRC messages.
Proposal 4.
The UE releases the source SRB resources, security configuration of the source cell and stops DL/UL reception/transmission with source upon receiving explicit release (via RRC message) from target node.
Proposal 5.
The source node releases the UE context, and stops DL/UL transmission/scheduling with the UE when it receives the “release” indication from target node.
Proposal 6.
After receiving DAPS HO command (RRCConnectionReconfiguration with mobility control info) from source cell, UE stops RRM and does not trigger measurement report for the source cell.
Proposal 7.
After receiving HO command (RRCConnectionReconfiguration with mobility control info) from source cell, UE stops system information updates, paging, ETWS, CMAS reception for the source cell.
Proposal 8.
The UE re-starts RRM, system information updates, paging, ETWS, CMAS in source cell once resuming the connection to source successfully when target cell is failed.
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