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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#107bis, following agreements were made

Agreements for both NR and LTE;

1
If capability coordination is used, source and target cell configurations ensure UE capabilities are not exceeded (like now).

2
If UE capabilities are exceeded, UE behaviour is unspecified. 

3
FFS if we specify behaviour for specific capabilities (e.g. UL tx power) or fallback to legacy handover (given that UE doesn’t know whether network uses capability coordination). Will discuss these based on company contributions.

4
DAPS HO supports having RRC message(s) containing configuration from source cell and target cell. FFS whether this is done with 1 or 2 RRC messages.

In this document, we will discuss about how to share UE capability between source and target eNB during DAPS HO. 
2. Discussion 

2.1 UE capability co-ordination principles during DAPS HO
In order to achieve close to 0ms HO interruption, UE should be able to maintain connectivity with both source and target eNBs during HO execution period. 
Observation 1. Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.
Simultaneous connectivity is possible only if the UE’s radio capabilities can be shared between source and target eNBs without exceeding UE capabilities.  In this section, we will discuss about how UE capability can be shared between source and target eNBs during DAPS  HO.
Observation 2. In order for UE to maintain simultaneous connectivity with both source and target eNBs during DAPS HO, UE’s baseband and RF resources have to be shared between source and target eNBs.

Observation 3. The baseband and RF resources that need to be shared depends on UE’s DAPS HO radio capabilities.

Fig 1 call flow describes how UE capability sharing can be co-ordinated between source and target eNBs during HO.
When source eNB determines to trigger DAPS HO, Source eNB determines what is UE configuration to be used during DAPS HO execution period based on what is current source eNB configuration in use and UE DAPS HO capabilities. If needed source eNB decides to downgrade some of UE configuration for source eNB connectivity during HO period. During DAPS HO preparation phase, in  inter node  HandoverPreparationInformation message, source eNB can send information about its current source eNB configuration in AS-Config, AS-Context IEs (to assist target eNB preparing delta configuration signalling during DAPS HO) , source eNB configuration to be used (which can be specified as part of AS-Config IE or new IE) for UE during DAPS HO , UE radio capabilities ue-RadioAccessCapabilityInfo IE, powerCoordinationInfo-r12, maxSCH-TB-BitsDL-r12, maxSCH-TB-BitsUL-r12. During RAN2#107bis, few companies mentioned that powerCoordinationInfo-r12, maxSCH-TB-BitsDL-r12, maxSCH-TB-BitsUL-r12 have to be generated by target eNB instead of source eNB. If target eNB generates these parameters and if we want source eNB to send HO Command transparently to UE, source eNB does not know values of these IEs. In DAPS HO, there is no concept of Master and Secondary node and there is no major technical advantage about which node is decision maker for controlling these IEs. If we want to keep legacy principle of HO command to be transparently sent to UE by source eNB, then it makes sense to for source eNB to send powerCoordinationInfo-r12, maxSCH-TB-BitsDL-r12, maxSCH-TB-BitsUL-r12 IEs to target eNB. If we allow source eNB to generate RRC Connection Reconfiguration message by adding source link configuration to target link configuration received in a container, it is possible for target eNB to generate powerCoordinationInfo-r12, maxSCH-TB-BitsDL-r12, maxSCH-TB-BitsUL-r12 IEs and send back to source eNB.
powerCoordinationInfo-r12 is required for sharing UE UL Tx power between source and target eNBs during DAPS HO. maxSCH-TB-BitsDL-r12, maxSCH-TB-BitsUL-r12 are required for sharing DL-SCH/UL-SCH TB bits that may be scheduled in a TTI between source and target node such that it does not exceed UE’s max. capability. Note that sharing power, DL-SCH/UL-SCH TB bits alone is not enough for DAPS capability co-ordination and UEs PCell and SCell configuration should be shared between nodes such that combined source + target eNBs configuration does not exceed UE’s radio capabilities.
Observation 4. During DAPS HO capability co-ordination, source and target eNBs have to co-ordinate for sharing of PCell, SCell(s) configuration, UL Tx power, DL-SCH/DL-SCH TB bits.
During RAN2#107bis meeting, some companies commented that during DAPS HO, there is no need for explicitly signalling to UE about source eNB configuration to be used DAPS HO and a default source eNB connection configuration can be specified in procedure text. Main issue with default source link configuration is there are many L1,L2 parameters configured for UE as part of RadioResourceConfigDedicated IE, SCellToAddModList IE and it is difficult to specify many default configuration parameters (especially for various TM modes, MIMO configuration, SCell(s) configuration modification/release, CSI configuration, (e)FD-MIMO, SRS switching etc) and it is not flexible frame work for future compatibility . In  legacy procedures (example: Scells are released based on explicit release from network), UEs are provided with explicit configuration to be used instead of default UE configuration and any change of this procedure causes significant UE implementation changes and is not a flexible method. Thus, we prefer to have source eNB configuration to be used during DAPS HO execution procedure to be explicitly conveyed to UE as part of DAPS HO signalling.
Observation 5. For DAPS HO, use explicit signalling method of conveying to UE about “source eNB configuration to be used during DAPS HO execution”. It is more flexible, future compatible, involves lower UE complexity and is legacy way of handling change of UE configuration.
Target eNB determines what is UE configuration to be used during DAPS HO execution period based on received source eNB configuration to be used during DAPS HO execution period and UE radio capabilities supported for HO. Optionally Target eNB can also determine what is UE configuration to be used once source eNB is released (after HO completion) and sends both target eNB configurations  to source eNB in HO Request Ack message.
Source eNB will send RRC Connection Reconfiguration Message (with Mobility Control Info) containing  

1)  source eNB configuration to be used during DAPS HO execution period. 2) target eNB configuration to be used during DAPS HO execution period.
3) Optional target eNB configuration to be used once source cell is released.  (If it is not provided here, then target eNB has to provide updated target eNB configuration as part of RRC message used to release source connection after successful HO completion)
In case the source eNB configuration to be used during DAPS HO is different from current source configuration configured to the UE before HO, there are 2 ways to send this information to UE
Alt 1: Once target eNB receives source eNB configuration to be used during HO execution period, target eNB can include both source and target eNBs configurations and send back to source eNB. Then source eNB can transparently send this info to UE in RRC Connection Reconfiguration Message. 

Alt 2 : Target eNB sends back only target eNB configuration to source eNB and source eNB adds source  eNB configuration (this means, similar to CHO, source cell has to modify/update RRC Connection Reconfiguration Message) then source eNB sends updated RRC Connection Reconfiguration Message to UE.

In legacy HO, Target eNB sends inter node HandoverCommand message including OCTET STRING (CONTAINING DL-DCCH-Message). DL-DCCH-message contains RRC Connection Reconfiguration message prepared by target eNB. source eNB will transparently sends RRC Connection Reconfiguration message (with Mobility Control Info) to UE. There are different RRC specification impacts for Alt1 & Alt2 and can be further discussed
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Fig 1: Alt1 call flow for UE capability co-ordination between source and target eNBs during DAPS HO.
From RAN2#107bis meeting, we have following agreement:

DAPS HO supports having RRC message(s) containing configuration from source cell and target cell. FFS whether this is done with 1 or 2 RRC messages.
If network sends source and target eNB configuration in 2 different RRC messages, it adds unnecessary complexity for UE handling of RRC message processing timings and  applying configuration becomes more complex, if one RRC message is valid and other RRC message is not valid then it is not clear what is UE behaviour (i.e whether to perform Re-establishment or continue with DAPS HO), due to network congestion if one RRC message is dropped then what is expected UE behaviour. This makes overall DAPS HO signalling inefficient and does not add any benefit. Thus, for both Alt1 and Alt2 methods, we prefer to have single RRC message for DAPS HO signalling to convey both source and target eNBs configuration to UE.
Observation 6. For DAPS HO, it is more efficient to provide both source and target eNBs configuration in a single RRC message to the UE compared to 2 different RRC messages.
Once DAPS HO UE receives RRC Connection Reconfiguration containing both source + target eNB configuration, UE will update its source cell configuration first and then configures target cell stack with target eNB configuration to be used during HO execution period. During HO execution period, UE maintains simultaneous connectivity with both eNBs. After successful DAPS HO completion, target eNB can send RRC message to UE for releasing source eNB connection and optional updated target eNB configuration. Based on this RRC message, UE will release source eNB connection and UE applies target eNB configuration to be used after source connection is released. Target eNB can provide updated UE configuration to be used for target cell (in same RRC message) after source cell connection is released (if target cell does not provide target cell configuration to be used after source cell is released during HO preparation phase).
Based on above discussion, we propose  
Proposal 1.   Source eNB determines the source link configuration to be used during DAPS HO execution. 
Proposal 2.   Source eNB sends its full configuration, source link configuration to be used during DAPS HO, UE capabilities, maxSCH-TB-BitsDL, maxSCH-TB-BitsUL, powerCoordinationInfo within HandoverPreparationInformation message to the target eNB.

Proposal 3.   
Target eNB determines the target link configuration to be used during DAPS HO execution by taking received source link configuration and UE capabilities into consideration.

Proposal 4. RAN2 to discuss and agree one of following 2 possible options.

Option 1: 
Target eNB sends only target link configuration to be used during DAPS HO in new RRC inter node message to source eNB; source eNB assembles the DAPS RRC Connection Reconfiguration message including the source link configuration and the container including the target cell configuration and sends it to UE in a single RRC message.
Option 2: 
Target eNB sends both source and target link configuration to be used during DAPS HO in HanoverCommand message to source eNB; source eNB transparently sends it to UE in a single RRC message.
Proposal 5.  
Target eNB releases source connection via RRC message after completion of DAPS HO.

Proposal 6.   Target eNB can provide updated target link configuration (e.g., to add SCell(s)) and indication of source link connection release in the same RRC message.   

2.2 CA SCell(s) handling during DAPS HO

In legacy HO, upon UE receiving RRC connection reconfiguration message from source eNB, UE will release connection with source eNB PCell and source eNB SCell(s) are released by UE based on explicit release indication received. If any SCell(s) are not explicitly released, UE keeps them in deactivated state.  
As part of RAN2#107 offline#79 discussion [3], 13 companies indicated that during DAPS HO execution period, high throughput support using active SCell(s) is not critical requirement and close to 0ms handover interruption time is more important to support. 
Observation 7. For R16 DAPS HO, active PCell connection with both source and target eNBs is sufficient to meet the requirement of close to 0ms HO interruption time.
If CA SCell(s) are configured for UE during DAPS HO, UE has to re-configure RF chains, L1 and L2 stacks to enable simultaneous CA SCell(s) baseband & RF resource sharing between source and target eNBs and this involves lot of complexity for UE to maintain active PCell and active SCell connections with both source and target eNBs. 
RAN2 agreed to send an LS to RAN1/4 about what are DAPS HO UE capabilities to be specified for sharing of UE baseband and RF resources between UE and source, target nodes. Based on any LS replied received from RAN1/4 in next meeting, if still time permits RAN2 can consider SCell(s) configuration support during R16 DAPS HO and any configured Scells have to remain in deactivated state for the case of HO failure scenario.  That means if DAPS HO fails and if source SCell configuration is already there then deactivated source Scells can be quickly activated and any additional Scells can be added later. 
Support of SCell(s) configuration during R16 DAPS HO is also related to UE capability design. In order to support configuration of SCell(s) during R16 DAPS, we need to discuss:

· How many CCs support in source and how many CCs support in target eNB
· How RF and Baseband Capabilities are shared, which needs RAN1/4 inputs
· How SCell(s) are shared between source and target node during capability co-ordination 
If RAN1/4 cannot finish the analysis in Rel-16, we may only support 2CCs to make things simple, i.e. source PCell and target PCell in Rel-16. 

Therefore, we may have to limit R16 DAPS HO from source PCell to target PCell. During DAPS handover, source SCell(s) are explicitly released by network, and the target PCell can only add SCell(s) after releasing source link connection.

Proposal 7.  If source and target eNB SCell(s) are configured during DAPS HO, configured SCell(s) remain in deactivated state based on network indication to UE. 
Proposal 8.   If RAN1/4 cannot finish analysis of capability requirement for more than 2 CCs, only source PCell and target PCell are supported during DAPS handover in Rel-16, i.e. source SCell(s) are explicitly released by network and the target node can only add SCell(s) after releasing source link connection.

3. Conclusion

In this contribution, we discussed various proposals about how to enable UE capability sharing between source and target eNBs during DAPS HO and how to handle CA SCell(s) during DAPS HO.
Observation 1.
Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.
Observation 2.
In order for UE to maintain simultaneous connectivity with both source and target eNBs during DAPS HO, UE’s baseband and RF resources have to be shared between source and target eNBs.
Observation 3.
The baseband and RF resources that need to be shared depends on UE’s DAPS HO radio capabilities.
Observation 4.
During DAPS HO capability co-ordination, source and target eNBs have to co-ordinate for sharing of PCell, SCell(s) configuration, UL Tx power, DL-SCH/DL-SCH TB bits.
Observation 5.
For DAPS HO, use explicit signalling method of conveying to UE about “source eNB configuration to be used during DAPS HO execution”. It is more flexible, future compatible, involves lower UE complexity and is legacy way of handling change of UE configuration.
Observation 6.
For DAPS HO, it is more efficient to provide both source and target eNBs configuration in a single RRC message to the UE compared to multiple different RRC messages.
Observation 7.
For R16 DAPS HO, active PCell connection with both source and target eNBs is sufficient to meet the requirement of close to 0ms HO interruption time.


Proposal 1.
Source eNB determines the source link configuration to be used during DAPS HO execution.
Proposal 2.
Source eNB sends its full configuration, source link configuration to be used during DAPS HO, UE capabilities, maxSCH-TB-BitsDL, maxSCH-TB-BitsUL, powerCoordinationInfo within HandoverPreparationInformation message to the target eNB.
Proposal 3.
Target eNB determines the target link configuration to be used during DAPS HO execution by taking received source link configuration and UE capabilities into consideration.
Proposal 4.
RAN2 to discuss and agree one of following 2 possible options.
Option 1: 
Target eNB sends only target link configuration to be used during DAPS HO in new RRC inter node message to source eNB; source eNB assembles the DAPS RRC Connection Reconfiguration message including the source link configuration and the container including the target cell configuration and sends it to UE in a single RRC message.
Option 2: 
Target eNB sends both source and target link configuration to be used during DAPS HO in HanoverCommand message to source eNB; source eNB transparently sends it to UE in a single RRC message.
Proposal 5.
Target eNB releases source connection via RRC message after completion of DAPS HO.
Proposal 6.
Target eNB can provide updated target link configuration (e.g., to add SCell(s)) and indication of source link connection release in the same RRC message.
Proposal 7.
If source and target eNB SCell(s) are configured during DAPS HO, configured SCell(s) remain in deactivated state based on network indication to UE.
Proposal 8.
If RAN1/4 cannot finish analysis of capability requirement for more than 2 CCs, only source PCell and target PCell are supported during DAPS handover in Rel-16, i.e. source SCell(s) are explicitly released by network and the target node can only add SCell(s) after releasing source link connection.
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