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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).
During RAN2#107 meeting, following email discussion was setup to make progress about UE capabilities co-ordination.

[107#79] [LTE/feMOB] Capability coordination for RUDI HO (QC)

Discuss the options for UE capability coordination for RUDI HO: List possible alternatives and their specification impacts.


Intended outcome: Report to next meeting (potentially including TP to 36.306 and 36.331)


Deadline:  Thursday 2019-10-03 

In this document, we will collect views from various companies about how UE capability co-ordination is supposed to work and provide high level summary of proposals for discussion and agreement. 
In order to have enough time for preparing the report, rapporteur would like to propose following schedule with two phases of discussion: 

· Phase 1 (09-26-2019): Companies are invited to provide inputs and comments for questions. 
· Phase 2 (10-03-2019): Final email discussion summary and proposals.

2. Discussion 

In order to achieve close to 0ms HO interruption during DAPS HO, UE is required to maintain connectivity with both source and target eNBs during HO execution period. For this, UE’s baseband and RF resources (based on UE radio capabilities) need to be shared between source and target eNBs. Sharing of UE’s radio capabilities between source and target eNBs is possible only if the UE’s radio capabilities are co-ordinated between source and target eNBs during HO preparation phase.  The key motivation for need of capability co-ordination between source and target eNBs is to enable 
source eNB configuration + target eNB configuration ≤ maximum UE radio resource processing capability. 
Based on above, companies are requested to provide their views for the following questions.
Q1. Do companies agree that in order to maintain simultaneous connectivity with both source and target eNBs during DAPS HO, UE’s baseband and RF resources (based on UE radio capabilities) needs to be shared between the source and target eNB connections? 
	Company
	Agree/Disagree
	Comments

	Intel
	agree
	The capability has to be shared between the source and target. 

	Mediatek
	Agree
	

	Ericsson
	Agree
	

	QC
	Agree
	UE capability shall be shared between 2 nodes. i.e both RF, Baseband, memory and other processing resources

	Huawei
	Agree
	

	OPPO
	Agree
	

	Xiaomi
	Agree
	

	vivo
	Agree
	

	Nokia
	Partly Agree
	This question is related to how we define the RUDI HO capabilities in the first place. 

We think the entire “capability coordination” is about whether the source/target nodes coordinate anything, or whether they just utilize the UE capabilities in the existing signalling? In our view, the latter option seems to be sufficient and would greatly simplify the entire discussion.

	Apple
	Agree
	

	Charter Communications
	Agree
	

	CATT
	Agree
	

	NEC
	Agree
	

	ITRI
	Agree
	

	ZTE
	Agree 
	To allow the simultaneous DL transmission, at least maxSCH-TB-BitsDL should be coordinated between the source and the target.

	Samsung
	Agree
	

	LG
	Agree
	


17 companies have provided their response. 16 companies agree that UE has to share baseband and RF capabilities between source and target eNBs in order for UE to maintain simultaneous connectivity with both source and target eNBs. One company thinks, to allow simultaneous DL transmission, (at high level) atleast maxSCH-TB-BitsDL should be co-ordinated between nodes (it does not specify how to co-ordinate PCell and SCell configuration between nodes for DL and UL). One company partially agrees.
Proposal:  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 based on UE’s radio capabilities supported for DAPS HO.

Q2. Do companies agree with the principle: “during DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”? 

	Company
	Agree/Disagree
	Comments

	Intel 
	Agree
	Technically, UE can operate with minimum capabilities for both nodes during DAPS HO and use full capability when handover is complete. Therefore, it is not necessary for UE to support the complete source and target configuration simultaneously. But the configuration from source and target used during DAPS HO shall be less than or equal to maximum UE supported radio capabilities.

	Mediatek
	Agree
	The configuration from the source and target node during DAPS HO shall not exceed the maximum UE supported radio capabilities. 

	Ericsson
	Agree
	

	QC
	Agree
	Agree with MediaTek comment. 

	Huawei
	Agree
	

	OPPO
	Agree 
	

	Xiaomi
	Agree
	

	vivo
	Agree
	

	Nokia
	Partly Agree
	This depends on what “configuration” means: Do we have separate configuration restrictions for the HO process? Requiring network to first configure restricted RRC parameters for HO and then another reconfiguration after the HO would be quite inefficient.

	Apple
	Agree
	

	Charter Communications
	Agree
	Agree with MediaTek.

	CATT
	Agree
	

	NEC
	Agree
	

	ITRI
	Agree
	Agree with MediaTek.

	ZTE
	Disagree
	RAN2 has agreed that "We will specify dual active with specified capability coordination that does not have to be utilized by the network".  Therefore, we think the capability coordination on NW side is not mandatory for the DAPS, and some UE based solution is needed for the case that source eNB configuration + target eNB configuration exceed maximum UE supported radio capabilities.

	Samsung
	Agree
	

	LG
	Agree
	


17 have provided their response. 1 company disagrees and thinks that if NW does not implement capability co-ordination, it is upto UE based solution for the case that source eNB configuration + target eNB configuration exceed maximum UE supported radio capabilities. 1 company partially agrees. All other 15 companies agree. Configuration of each eNB link represents both PCell + SCell(s) configuration to be used for UE during DAPS HO. If capability co-ordination is supported by network, source PCell + (if any) SCell(s) configuration and target PCell + (if any) SCell(s) configuration together should be within max. UE supported radio capabilities to enable UE to maintain connectivity with both cells simultaneously.
Proposal:  Network implements capability co-ordination for DAPS HO and follows the principle of “During DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”.

Q3. If the answer to question 2 is yes, do companies agree that in order to fulfil the principle “during DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”, it is necessary for network to support UE capabilities co-ordination between source and target eNBs during DAPS HO preparation phase? 

	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	Yes, UE reports the capability to source cell and source cell decides if it should enable simultaneous connectivity handover to a given target. And the target should know what capability can be used during DAPS HO, e.g. based on source configuration and UE capability.

	Mediatek
	Agree
	Same as normal HO, the source node sends the UE capbility to the target node. Furthermore, the current configuration in source node should also be delivered to the target node. Then the target node can decide the configuration for the UE based on those information. 

	Ericsson
	Agree
	Yes, some form of capability coordination is required but we should aim for something simple rather than maintaining maximum flexibility.

	QC
	Agree
	Capability co-ordination between source and target eNBs is essential. If source is already operating at full UE capability, source has to decide to downgrade its configuration to be used during DAPS HO execution and send to target eNB along with UE capabilities information.

	Huawei
	Agree
	LTE DC based UE capability coordination can be reused.

	OPPO
	Agree
	If no capability coordination is done like legacy HO, then source eNB configuration + target eNB configuration would likely exceed the UE supported radio capabilities. DAPS HO requires capability coordination for UE to work with source and target eNBs simultaneously. 

	Xiaomi
	Agree
	

	vivo
	Agree
	We can reuse the capability coordination principles as DC. From our understanding, the target node should have more control on the capability shared between the target node and the source node.

	Nokia
	Partly agree
	This depends on what kind of “capability coordination” is assumed between source and target eNBs. Source already sends its existing configuration and UE capabilities to target since that is used to determine the UE RRC configuration in the handover command. Therefore, the same principle can be used also for RUDI HO.

We would assume some basic capability sharing that can be supported by all UEs and can be specified in a simple manner in the specification, e.g.rely on existing signalling informing UE capabilities for HO with any new inter-node messages).

	Apple
	Agree
	Capability coordination between source and target NodeB is required during the handover preparation phase. 

	Charter Communications
	Agree
	

	CATT
	Agree
	In our view capability coordination should target for simple mechanism. The UE capabilities and source configuration are sent to the target cell for HO preparation. That is sufficient information for the target node to figure out the target configuration not to exceed the UE capability.

	NEC
	Agree
	Yes capability coordination is needed. Since the target eNB can be seen as MN in DC, and the transmission of target eNB should be prioritized, therefore it is more reasonable that target eNB should decide on the capability coordination results.

	ITRI
	Agree
	Yes, capability co-ordination is necessary. Source sends its configuration and UE’s capability to target so that target can decide its configuration for UE based on those information.

	Samsung
	Agree
	Yes, some sort of simple capability coordination is required to ensure that UE capability is not exceeded during DAPS handover. We think that both source and target configuration should be utilizing limited capability during DAPS execution. The complete target configuration can be applied after DAPS execution is successfully completed. 

	LG
	Agree
	


16 companies provided their response. 15 companies agree and 1 company partially agrees.  In general, companies indicated that source will provide its configuration and UE capabilities to target cell. Based on this received configuration, target determines what is its configuration. Few companies indicated, DC based capability co-ordination as baseline. Like in DC capability co-ordination, it is MN responsibility to downgrade its configuration and send it to SN  such that there are enough UE resource available for SN to decide its own configuration to enable MN + SN configuration is within UE DC radio capabilities.  Few companies indicated at level to simplify co-ordination frame work. Few companies indicate that target eNB decides how to share UE capabilities for DAPS HO. 
In order to meet the principle of source + target configuration not to exceed UE max. radio capabilities, source cell alone can not operate with full capabilities during DAPS HO. It is reasonable to assume that “if source eNB is already using full UE capability (before DAPS HO), source may have to downgrade its configuration (ex: releases some source SCell(s)) and send to target eNB along with UE capabilities and Target cell can decide its configuration”. This is further discussed as part of Q5 below.
Proposal:  In order to fulfil the principle of “during DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”,  the network has to support UE capabilities co-ordination between source and target eNBs during DAPS HO preparation phase. 
Q4. Do both source and target eNBs need to be capable of supporting UE capability co-ordination for DAPS HO? If the answer is “disagree”, please describe how.  

	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	Otherwise the network cannot ensure the source/target configurations used during DAPS HO do not exceed the UE capability. 

	Mediatek 
	Agree
	

	Ericsson
	-
	We prefer to discuss mandatory/optional once we know what the capability coordination procedure looks like. Until then we assume the current agreement holds.

	QC
	Agree
	Agree with Intel comment. 

	Huawei
	Agree
	

	OPPO
	Agree
	

	Xiaomi
	Agree
	

	vivo
	Agree
	

	Nokia
	-
	See responses to Q1-Q3

	Apple
	Agree
	

	Charter Communications
	Agree
	We think it is essential to have capability coordination between source and target nodes for DAPS based eMBB HO to work correctly to facilitate the goal of RUDI.

	CATT
	-
	A simple capability coordination mechanism between the source and the target may be considered, e.g, only maxSCH-TB-BitsDL included in scg-ConfigRestrictInfo may be signaled to the target cell to limit the downlink data transmission to not exceed the UE radio capacity during handover. And if the target cell determines that the connection between the UE and source cell has been detached, it can rapidly restore the maximum downlink transmission rate towards the UE without additional signaling overhead.

	NEC
	Agree
	

	ITRI
	Agree
	Agree with Intel.

	ZTE
	Disagree 
	RAN2 has agreed that "We will specify dual active with specified capability coordination that does not have to be utilized by the network".  Therefore, we think the capability coordination on NW side is not mandatory for the DAPS, and some UE based solution is needed for the case that source eNB configuration + target eNB configuration exceed maximum UE supported radio capabilities.

	Samsung
	Agree
	

	LG
	Agree
	


17 companies responded. 13 companies agree that both source and target eNBs are expected to support capability co-ordination frame work. Otherwise, it is not always possible to ensure source + target configuration is within UE supported radio capabilities. 1 company prefers to discuss mandatory/optional once we know what the capability coordination procedure looks like. 1 company says “only maxSCH-TB-BitsDL included in scg-ConfigRestrictInfo may be signalled to the target cell to limit the downlink data transmission to not exceed the UE radio capacity during HO”. 

maxSCH-TB-BitsXL : Indicates the maximum DL-SCH/UL-SCH TB bits that may be scheduled in a TTI. Specified as a percentage of the value defined for the applicable UE category.
This IE is useful only to split DL/UL peak data rates between SN and MN. But it does not specify how UE supported CCs to be shared between 2 nodes.

1 company says based on their response to Q1-Q3, use as much as legacy inter node messages. Even if we use legacy inter-node messages as much as possible, source cell may have to adjust its configuration such that principle discussed in Q2 is still honoured by NW. 1 company is referring to previous RAN2#106 agreements. This question is mainly intended for the case of if NW supports capability co-ordination, how it is expected to work.
Proposal:  When NW capability co-ordination is supportedboth source and target eNBs need to be capable of supporting UE capability co-ordination for DAPS HO.
When source eNB determines to trigger DAPS based enhanced MBB HO, Source eNB is expected to determine what is the UE configuration to be used during HO execution period based on current source eNB configuration and UE capabilities. If needed, source eNB may decide to downgrade some of the UE configuration for source eNB connectivity during the HO execution period. During HO preparation phase, in HO request message, the source eNB can send information about source eNB configuration to be used for UE during HO execution and UE supported radio capabilities. 
Q5. Do companies agree: Source eNB determines the source eNB configuration to be used during DAPS HO execution and sends this information along with UE HO capabilities to the target eNB in HO Request message?  If not, please explain.
	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	Based on source configuration and the UE capability, the target node can figure out what can be used by target during DAPS HO.

	Mediatek 
	Agree
	Just as explained in Q3.

	Ericsson
	Disagree
	The source eNB sends the current source configuration and the UE capabilities to the target eNB in the handover request message as in normal handover. The source does not provide a new source configuration.

	QC
	Agree
	When source eNB is using a configuration, which is already using full UE capabilities and the same configuration is sent to target eNB along with UE capabilities, target eNB does not find enough additional resources for UE. Target eNB can not decide what source resources to be released to create space for target configuration without exceeding UE max. capabilities. Thus, we think it is essential for source eNB to determine what configuration to be used during DAPS HO and send to target eNB (along with UE capabilities).

	Huawei
	Agree
	LTE DC based UE capability coordination can be reused.

	OPPO
	Agree 
	

	Xiaomi
	Agree
	

	vivo
	Agree
	Regarding the UE capability sent to the target node, we consider that the source node needs to forward the UE’s full capability (for the target link configuration after handover completion) and the partial UE capability allowed for the target node during the DAPS handover.

	Nokia
	-
	See responses to Q1-Q3

	Apple
	Agree
	If source eNB decides to prepare DAPS HO, it should avoid the source  configuration using full UE capability. Otherwise, target eNB cannot provide target configuration for DAPS HO and the DAPS HO preparation will be failed. 

	Charter Communications
	Agree
	There are three different source configuration which are being discussed:
a. Current source configuration being used by the UE at the time of DAPS HO decision

b. Source configuration expected to be used by the UE during DAPS HO execution

/b/ may not be the same as /a/. /a/ can utilize up to full UE capabilities. /b/ shouldn’t utilize up to full UE capabilities. We understand this question to deal with /b/. 
We agree with QC, Apple and others in that for DAPS HO source eNB shouldn’t send to target eNB a configuration utilizing full UE capabilities; else the target is unable to determine correct target configuration for the UE to use. Therefore, upon determination of /b/, we expect the source eNB to send /b/ (+ UE capabilities) to target eNB.

	CATT
	Disagree
	Agree with Ericsson. the source eNB only sends the current source configuration.

	NEC
	Disagree
	Agree with Ericsson that the source eNB sends the current source configuration and the UE capabilities to the target eNB in the handover request message as in normal handover. 

Target eNB decide its configuration for DAPS and feedback the capability coordination results to source eNB. Then source eNB can update its configuration to ensure within UE capabilities.

	ITRI
	Agree
	Source eNB should be in charge of determining source configuration used during DAPS HO execution. When preparing DAPS HO, source eNB should avoid using full UE capability for source configuration so that partial capability can be reserved for target configuration. We also agree that the source configuration is sent along with UE capabilities to target eNB via HO Request message.

	ZTE
	Disagree 
	Share the view with Ericsson that the source eNB only sends the current source configuration to target eNB.

	Samsung
	Agree
	UE has to be configured with a source configuration that utilize only a limited UE capability prior to sending HO Request message to target eNB. The HO Request message should now include this limited source configuration (current UE configuration).

	LG
	Agree
	


17 companies have provided their views. 12 companies agreed and 5 companies disagreed.
5 companies think that source eNB has to just send its current source eNB configuration + UE radio capabilities to target eNB and target eNB can decide what to configure for UE. Main issue with this approach is when source eNB is already using full capabilities and send it the same to target eNB, there is no spare UE capability available for target eNB to decide target eNB configuration. It is reasonable to assume that each eNB is responsible for their own configuration. If source eNB is not allowed to change its own configuration and send to target eNB, it is not possible to meet the principle of “source eNB configuration + Target eNB configuration shall be less than or equal to maximum UE radio capabilities” as discussed in Q2 (which majority companies agrees) in all cases. Based on 11 companies view, below is proposal.
Proposal:   Source eNB determines the source eNB configuration to be used during DAPS HO execution and sends this information along with UE HO capabilities to the target eNB in HO Request message. i.e., If source eNB is already using full UE capabilities, source eNB is allowed to downgrade its configuration and send to target eNB.
In legacy HO, upon UE receiving HO command from source eNB, UE releases connection with source eNB (both PCell and SCell(s), if configured). For DAPS HO, at least Source eNB PCell has to be maintained. Further discussion is required on whether UE is required to maintain Source SCell(s) configuration in deactivated state or release the source SCell(s) during DAPS HO execution. 
If CA is configured for UE during DAPS HO, UE has to re-configure RF chains, L1 and L2 stacks to enable simultaneous CA resource sharing between source and target eNBs. This increases complexity for UE to maintain active PCell and active SCell(s) connections with both source and target eNBs. It is reasonable to assume that during DAPS HO execution period, high data throughput using CA is not a critical requirement and close to 0ms handover interruption time is more important.
Q6. Do companies agree: During DAPS HO, support of active SCell(s) for high throughput is not critical and requirement to meet close to 0ms HO interruption time is more important. 
	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	To achieve 0ms interruption time, high throughput can be de-prioritized. 

	Mediatek
	Agree
	In normal HO, the SCells are deactivated and high throughput during HO is not supported. Considering the complexity for DAPS, high throughput during DAPS HO doesn’t need to be supported. 

	Ericsson
	-
	Deactivating the source SCells will lead to loss in throughput and may therefore also be considered as an interruption. 

The situation here is similar to DC and in DC both the master and secondary node can have SCells. Therefore, releasing the source SCells is not strictly necessary but we are fine to do it if it simplifies the capability coordination procedure. However, we are not sure exactly what the simplification would be since it seems we anyway need to coordinate the capabilities used on the source and target PCells (e.g. maximum nr of MIMO layers, maximum nr of CSI processes, modulation order).

	QC
	Agree
	Agree with Intel and MediaTek comments.
Active SCell throughput is not critical thing to meet close to 0ms interruption time during DAPS HO execution. 

	Huawei
	Agree
	Support of active SCell(s) for high throughput is not critical.

	OPPO
	agree
	

	Xiaomi
	Agree
	

	vivo
	
	Agree with Ericsson. 
If the intention of the question is to introduce the UE autonomous release of the source SCell, we consider that the source SCell release can be realized by explicit release configuration from the network. We can leave the freedom of releasing the source SCell to the network.

	Nokia
	-
	See responses to Q1-Q3

	Apple
	Agree
	The goal of the DAPS HO is interruption time reduction not high throughput. Then the high throughput is not critical. And for the UE with the capability of more than 2 CCs, SCells can be activated during handover. 

	Charter Communications
	Agree
	A reduction in throughput beyond a threshold may also lead to data interruption (e.g. TCP Head of Line blocking issue). However, we understand that it is not critical to have the entire gamut of Scell configurations active for the UE during DAPS HO.

	CATT
	Agree
	In some cases, the source cell should be allowed to reduce throughput to ensure not exceeding the maximum capacity of UE.

	NEC
	Agree
	High throughput can be sacrificed in order to meet 0ms interruption time.

	ITRI
	Agree
	During DAPS HO execution, high data throughput is not that critical in comparison with interruption time reduction.

	ZTE
	-
	A sharp decrease of throughput will increase the buffering delay and may cause the reset of TCP congestion window, which will lead to considerable negative impact on user experience.

Therefore, we think the sharp decrease of throughput shall be avoided.


	Samsung
	Agree
	

	LG
	Agree
	At least in Rel-16


17 companies provided their views. 13 companies agree that CA active SCell(s) throughput during DAPS HO is not critical to support and requirement to meet close to 0ms HO interruption time is more important.  3 companies think that Deactivating the source SCells will lead to loss in throughput and may therefore also be considered as an interruption.  1 company says “source SCell release can be realized by explicit release configuration from the network. We can leave the freedom of releasing the source SCell to the network”. Keeping SCell(s) active will help throughput but at the same time, adds significant complexity for UE implementation, spec complexity. since majority companies prefer some sort of simplification and meet close to 0ms HO interruption at the expense of loss of active SCell throughput. Even if SCell(s) are configured and deactivated during DAPS HO, it still counts towards UE radio capability. Thus, we can discuss following proposal.
Proposal:  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.

Q7. During DAPS HO, upon receiving HO command from source eNB, UE is expected to keep source eNB PCell connection active. For source SCell(s) configuration, following options are possible. 

· Option 1:  UE releases all SCell(s) configuration based on explicit release indication received in HO command (i.e during DAPS HO, source releases all SCell(s) configuration)
· Option 2: upon receiving HO command, UE releases some of source eNB SCell(s) configuration (based on network explicit indication of configured SCell(s) release) and keeps remaining configured SCell(s) in deactivated state.
· Option 3: Other 

Companies supporting Option 3 are requested to provide details in their comments.

	Company
	Supported Option for Source SCell(s) configuration
	Comments

	Intel
	Option 2 
	Option 2 is existing behaviour. Based on current spec,  all SCells are in deactivated state. So Option 2 can be modified as

upon receiving HO command, UE releases source eNB SCell(s) configuration (based on network explicit indication of configured SCell(s) release). All remaining SCells are in deactivated state. 

	Mediatek
	Option 2
	UE may release source eNB Sells according to the explicit indication from the network and deactivate the target eNB SCell (if configured). 

	Ericsson
	Option 3
	As releasing the source SCells is not always necessary, another option is to keep the source SCells activated but allow the target to release them when needed by indicating this in the handover command. Not sure if this is the intention in Option 2 or if it is a new Option 3.

If the source is able to provide a new source configuration to the UE in the handover command as suggested in Q5 (and which we are not in favour of), then we don’t see why we need the rule in Option 1 to deactivate all SCells during handover as the source can control this itself by e.g. including the SCells to be deactivated in a sCellToAddModList. This would also allow the source to keep some SCells activated and only de-activate some of them. 

Note that deactivating the source SCells instead of releasing them is only needed if we allow the UE to fallback to source node when the handover fails, and this is a separate discussion (email discussion 107#29 CP for DAPS).

	QC
	Option 2
	We prefer to keep source eNB PCell active during DAPS HO. Any SCell(s) which are not explicitly released will remain in deactivated state. Keeping SCell(s) in active state during DAPS HO execution adds significant additional UE complexity (i.e., when both source and target eNBs connections are in active state, UE has to perform multiple simultaneous tasks within short period of time to re-arrange base band and RF resource sharing between 2 nodes). We do not prefer to keep SCell(s) in active state during DAPS HO. One reason to keep SCell(s) in deactivate state is when HO fails and UE fallbacks to source cell configuration, already configured source SCell(s) can be quickly activated by MAC-CEs without waiting for SCell configuration. After fallback to source cell connection, additional SCell(s) if any can be added later as well. We are open to consider Option 1 as well (i.e during DAPS HO, network always releases all configured source SCell(s)) to simplify DAPS capability framework.

	Huawei
	Option 2
	It depends on explicit indication from target cell already specified in current specification, i.e. if sCellToReleaseList is included in HO command the corresponding SCell can be released, and if no sCellState is indicated for a SCell it should be in deactivated state.

	OPPO
	Option 2
	We prefer network explicitly releases SCells. For those remaining SCells, network can indicate their state to be activated or deactivated.

	Xiaomi
	Original Option 2
	Scell(s) could be active as long as the source configuration + target configuration doesn’t exceed UE capability. NW should configure the Scell(s) appropriately.

	vivo
	Option 2?
	Not sure about the intention of the question. The current specification already supports the explicit SCell release/deactivation.

	Nokia
	-
	Option 3: Nothing new is specified and UE follows the HO command.
In general, we think it would be useful to first agree the basic principles involved in capability coordination and then discuss the details. Neither Option 1 nor 2 (as described) truly work.
· Option 1 is possible for target cell already, but for source cell it is against legacy HO principles: 
source cell does not modify the target cell-generated HO command, which is only (transparently) sent to UE. Please check subclause 10.2.2 in TS 36.331, which shows that it’s in fact the entire DL-DCCH-Message that the target generates (and source sends to UE transparently):

HandoverCommand-r8-IEs ::=


SEQUENCE {


handoverCommandMessage



OCTET STRING (CONTAINING DL-DCCH-Message),


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}
Option 2 would create a potential mismatch in RRC configuration in case the HO fails – would UE re-add the released cells or not if returning to source cell? Even if network controls the option, we think it’s unnecessary complexity for both UE and network.

	Apple
	Option 2
	For Option 2, our understanding is that NW provides the source SCell release configuration via source configuration and HO command is the container carrying the target configuration together. And UE operation on source SCell release is same as today. 

	Charter Communications
	Option 2
	

	CATT
	Option 3
	Based on source configuration and UE capabilities, the target can decide whether the source keeps the minimal configuration during DAPS and notify the UE using explicit or implicit signalling. 

	NEC
	Option 2
	If capability coordination is not performed, since source eNB is not aware whether the combination of source eNB configuration and target eNB configuration exceeds UE capability.  Thus source eNB is not able to make proper Scell release decision.

	ITRI
	Option 2
	Keeping the source SCell(s) which is/are not explicitly released in deactivated state is beneficial if UE fallbacks to source eNB when HO fails. The deactivated source SCell(s) can be quickly activated rather than waiting for configuration.

	ZTE
	Option 3 (deactivate the source SCell via MAC CE or the UE deactivates the source SCell automatically)
	The handover command will only be used to provide the configuration in the target node. For the SCell in the source node, MAC CE based deactivation can be used to deactivate the concerned SCell, if needed. And the MAC CE can be sent earlier or together with the handover command by implementation.

If source node do not deactivate the SCell properly (the overall SCell exceed the maximum capability on UE side), the UE should high prioritize the SCell in target node and deactivate the SCell in source node automatically.

	Samsung
	
	We are fine to keep the SCells that are not explicitly released by the network, to be in deactivated state for simplicity. However, we would like this to be addressed using existing methods and not introduce new handling. We don’t prefer UE autonomous actions.  

	LG
	Option 2
	As the legacy principle


Majority of companies (12)  think that any source eNB SCell(s) can be explicitly released by network when HO command is sent to UE (this means source eNB has to indicate SCell(s) to be released as part of Source eNB configuration sent to target eNB and target cell will send same source configuration to source eNB in HO command message and source can send it to UE transparently or Source eNB is allowed to add its updated configuration to target configuration received in HO command from target eNB) and remaining source SCell(s) can remain in deactivated state as in legacy HO procedure.  1 company thinks that source can indicate deactivation of SCell(s) by explicitly indicating it within source configuration sent to target eNB but they prefer target eNB to decide about source configuration change. 1 company thinks that source SCell(s) can explicitly deactivated by sending MAC-CE from source cell to UE just before sending HO command to UE or along with HO command in same MAC TB as an implementation option. 1 company thinks that “Based on source configuration and UE capabilities, the target can decide whether the source keeps the minimal configuration during DAPS and notify the UE”. 1 company think neither option 1 nor option 2 works but they did not specify any other method.
Any configured SCell(s) , even in deactivated state, will consume UE baseband and RF resources. Keeping SCell(s) in active state during DAPS HO adds significant UE implementation complexity. In order to maintain either Source and/or Target eNB SCell(s) configuration during DAPS HO adds complexity for OTA UE capabilities message frame work. It is better to first decide whether to limit R16 DAPS HO to only Source PCell + Target PCell  and release any configured Source SCell(s) explicitly by NW or Keep any configured source/target SCell(s) in deactivated state . To address this basic CA Vs Non-CA DAPS HO, we need to first discuss following proposal during online session.
Proposal:  RAN2 to discuss following 2 options for DAPS HO SCell(s) handling and agree. 

                  Option 1 : In R16 DAPS HO , only source PCell + Target PCell connection is allowed and NW should always explicitly release any source configured SCell(s) in HO command given to UE. Target eNB is allowed to configure target SCell(s) only after source connection is released.

                  Option 2 : In R16 DAPS HO, source PCell + Target PCell connection is allowed and if any configured source and target SCell(s) have to remain in deactivated state during DAPS HO execution period. Target SCell(s) can be re-configured (addition, release, modify) and activated by using MAC-CE only after releasing source cell connection.

Proposal:  If RAN2 decides to support source and target SCell(s) configuration during R16 DAPS HO work, as part of HO command sent to UE, some of source SCell(s) can be explicitly released by source eNB and remaining configured source SCell(s) will be in deactivated state.
Target eNB can determine the UE configuration to be used during HO execution period based on received source eNB configuration to be used during HO period and the UE radio capabilities supported during HO. Optionally Target eNB can also determine the UE configuration to be used once source eNB is released (after HO completion) and send both target eNB configurations to the source eNB in HO Request Ack message. However, RAN2 has not yet discussed and agreed any particular mechanism about whether explicit RRC message is sent from target eNB to UE (after successful DAPS HO completion) to release source connection or any other mechanism to be used. Based on RAN2 decision about how source cell is going to be released, it is easy to decide how and when target eNB is expected to send UE capabilities to be used after successful DAPS HO completion (i.e. after successfully releasing source cell connection)
Q8. Do companies agree: During DAPS HO capability co-ordination, target eNB determines the target eNB link configuration to be used during DAPS HO execution (i.e. until source eNB connection is released) based on source eNB link configuration to be used during HO and UE capabilities. Target eNB sends this information to source eNB in HO Request Ack message.
	Company
	Agree/Disagree
	Comments

	Intel
	Somewhat
	To our understanding, the source configuration for source link used during DAPS HO is decided by source and target configuration for target link used during DAPS HO is decided by target. So our answer is agree if here in the question, “target configuration” means the configuration for target link, 

	Mediatek
	Agree
	

	Ericsson
	Agree
	In our view the target eNB generates the handover command (i.e. the RRCConnectionReconfiguration message) based on the current source configuration and the UE capabilities, and sends it to the source eNB which transparently forwards it to the UE, as in legacy handover. As mentioned in Question 7, target could instruct the UE to release all source SCells in the handover command to free up resources if needed.

	QC
	Agree
	Our understanding, target eNB configuration to be used during DAPS HO shall be determined by target eNB and source eNB configuration to be used during DAPS HO execution shall be determined by source eNB only.  Target eNB should not be allowed to modify source eNB configuration.

	Huawei
	Agree
	

	OPPO
	Agree 
	We share the same comments as Intel.

	Xiaomi
	Agree
	

	vivo
	Agree
	

	Nokia
	-
	We assume only target node will determine its own configuration, just like currently. 

See also our responses to Q1-Q3: Once we determine how the capabilities work this question can be answered more easily. 

	Apple
	Agree
	

	Charter Communications
	Agree
	Similar to our response in Q5, there are two configuration a target node should consider:

a. Target configuration expected to be used by the UE during DAPS HO execution

b. Target configuration expected to be used by the UE after DAPS HO execution

We understand this question to apply to /a/.  In which case, we agree with QC with the assumption that source eNB doesn’t send a configuration utilizing full UE capabilities.



	CATT
	Agree
	Same as normal HO, target eNB configuration should be determined by the target cell and forwarded to the UE via source cell.

	NEC
	-
	We think it is the target eNB to decide on the capability dependency between source and target eNB. The source link configuration can be taken into consideration, but target eNB has more freedom to decide its configuration 

	ITRI
	Agree
	We share the same view as Intel.

	ZTE
	Agree 
	We think the target eNB link configuration will be used after the DAPS handover as well, unless new configuration is received from target node.

	Samsung
	Agree
	The target cell configuration has to be constructed based on the UE capability and the source cell configuration indicated in HO Request message. The target eNB sends this information (target cell configuration) to source eNB in HO Request Ack message.

	LG
	Agree
	


Out of 17 companies, 15 companies agree that target eNB determines target eNB link configuration by taking source eNB configuration received from source eNB and UE capabilities. Target eNB sends its configuration back to source eNB. Same Target eNB configuration can be used even after DAPS HO execution (i.e after source cell is released) id there is no new configuration received from target eNB. 1 company thinks that it is the target eNB to decide on the capability dependency between source and target eNB. 1 company did not say agree or disagree but commented that “We assume only target node will determine its own configuration, just like currently”.

Proposal:  During DAPS HO, Target eNB determines the target eNB link configuration to be used during DAPS HO execution by taking received source eNB configuration and UE capabilities into consideration and sends its back to source eNB in HO Request Ack message. 

Q9. During DAPS HO capability co-ordination, target eNB can provide its configuration to be used after DAPS HO completion (i.e. after DAPS HO execution phase is completed and source eNB connection is released) in following ways.

· Option 1: as part of HO Request Ack message during HO preparation phase (i.e., target eNB configuration to be used after HO completion is provided to UE in the HO command)
· Option 2: as part of RRC message from target eNB to UE used to release source cell connection (assuming RAN2 agrees on RRC message is used by target eNB to release source cell connection)

· Option 3: any other method (please provide details for this option in your comments)  

	Company
	Supported Option 
	Comments

	Intel
	
	For PCell configuration, it can be part of the RRC message when target release source cell or target can send reconfiguration message afterwards, i.e. option 2 or 3.. 

For SCell configuration, anyway it is in deactivated state, the target may configure SCell in CHO configuration based on UE capability without counting source PCell link. For instance, the UE can support 4 CCs, the target can configure the UE 3SCells in target cell in CHO configuration. SO source PCell and target PCell are used during DAPS HO, and target PCell and 3 target SCells are used once source is released. This is similar to option 1. 

	Mediatek
	Option 2
	Normally, the size of HO command should be limited to guarantee that it can be successfully received by the UE to improve the HO robustness.  If RRC message is used by the target eNB to release the source connection, the RRCConnectionReconfiguration message can be used, which can be used properly to provide the configuration to be used after DAPS HO completion.

	Ericsson
	Option 3

(RRC connection reconfiguration procedure)
	It would be good to first understand what type of configuration changes (if any) the target eNB would typically like to perform. If changes are rare then we think the target can perform RRC connection re-configuration after the handover.

Note that the target SCells (as discussed in Q11) will be activated via MAC signalling so for this we don’t need to use RRC re-configuration.  

	QC
	Option 1 or 2
	We are fine with either Option 1 or Option 2. We agree with MediaTek comments. For example, if UE is capable of 5CA. if UE has source PCell active + 1 SCC (deactivated) then target configuration should be PCell + 2 more SCells in deactivated/dormant state. Once source connection is released after DAPS HO, target eNB can add additional SCell resources to be used either in HO command itself or can be configured in RRC message used to release source connection in optimal way. Like Ericsson commented, it is possible to add target SCell(s) later by using legacy RRC Reconfig procedure but this option adds additional SCell config signalling and existing spec already allows this option 3. From spec point of view, we should allow flexibility to configure either in option 1 or 2 mentioned in this question.

	Huawei
	Option 3

(RRC connection reconfiguration procedure)
	Current RRC connection reconfiguration procedure can still applies.

	OPPO
	Option 2 or 3
	Target eNB configuration can be provided to the UE after DAPS HO is completed. It can be in the same RRC message (depending on RAN2’s decision) used to release source cell connection, or simply a RRCConnectionReconfiguration message after source cell is released.

	Xiaomi
	Option 3
	Agree with Ericsson and HW. Additionally, even if RAN2 agrees to introduce explicit release indication from target cell, the indication should be included in RRC Reconfiguration message.

	vivo
	Option 1 or 2
	As during the DAPS handover the UE can only use partial capability for the target link, maybe we can consider Option 1 which allows faster reconfiguration of the target link to use the full UE capability as soon as possible. 

	Nokia
	-
	We don’t in general see a need to have two different RRC configurations from target, especially since the timeline of the “during HO” RRC context is in the order of few milliseconds. We should follow the general principles that the HO command provides the full target cell configuration for HO completion.

See also our responses to Q1-Q3 and Q9.

	Apple
	Option 1 or 2 
	NW can provide the full set of target configuration (including all SCells) via HO Command or in the RRC message for source configuration release. 
For option 1, in order to avoid the union of the full set of source configuration and the full set of target configuration exceeding UE capability, the activated target SCells should not result in the activated serving cell number (including PCells) of target and source link exceeding UE capability before the source link release.

	Charter Communications
	Option 3
	Current RRC Reconfiguration should be used. We agree with E// in that activation of source-provided Scells in deactivated state, if applicable, is expected via a MAC CE. 

	CATT
	Option 3 (RRC connection reconfiguration procedure)
	Existing reconfiguration procedure is sufficient in this case. 

	NEC
	Option 2 or 3
	Agree with OPPO

	ITRI
	Option 2
	Including both target configurations used during DAPS HO execution and after DAPS HO completion in HO command will enlarge the size of HO command. However, as Mediatek mentioned, we should limit the size of HO command to guarantee that it can be successfully delivered to UE. We also share the same view as Mediatak that target eNB can use RRCConnectionReconfiguration message to release source connection (if this is done with RRC message can be agreed) and provide target configuration used after DAPS HO completion.

	ZTE
	Option 3
	The target eNB can simply send a separate RRC reconfiguration message after the DAPS. We don’t think any optimization is needed on this aspect.

	Samsung
	Option 2
	The target configuration to be applied after DAPS execution (if different from the configuration during execution), can be signalled to the UE in RRC connection reconfiguration after successful DAPS execution. The message can be used to inform the UE to release source cell configuration.

	LG
	Option 3 or Option 2
	If we task Ericsson’s comments as Option 3, Option 2 is one of cases in Option 3. Anyway target cell send RRC signalling to release the source cell connection as general RAN2 assumption.


10 companies agree with Option 2 of providing updated target eNB link configuration to be used after source cell release in RRC message used to release source cell connection (However, RAN2 has not yet agreed any specific method about how to release source connection after successful DAPS HO completion). 
10 companies agree that it is possible to change target eNB configuration after source cell release by using legacy RRC Connection Reconfiguration procedure. 
3 companies think that Option 1 is possible. Depending on configuration change for target eNB, it may be possible to have increased size of HO command.
1 company said that “We don’t in general see a need to have two different RRC configurations from target, especially since the timeline of the “during HO” RRC context is in the order of few milliseconds. We should follow the general principles that the HO command provides the full target cell configuration for HO completion”.

Proposal:  For target eNB, it is allowed to provide its updated configuration to be used after source cell connection is released by using either legacy RRC Connection Reconfiguration procedure or by using any other explicit RRC message used by target eNB to release source link. 

Q10. Do companies agree: During DAPS HO, if target SCell(s) configuration is received in HO command, UE keeps target eNB SCell(s) in deactivated state.
	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	It is existing behaviour.

	Mediatek
	Agree
	

	Ericsson
	Disagree
	In our understanding, in legacy handover the target node can configure whether the target SCells should be in activated/deactivated/dormant state. We think the same should be allowed here.

	QC
	Agree
	Our view is when target SCell(s) configuration is received, target SCell(s) can be allowed to remain in either deactivated or Dormant state (but not in activated state). Activated SCell(s) during DAPS HO adds lot of additional complexity. We are also open to consider the option of NW does not configure target SCell(s) until source cell connection is explicitly released by target cell by using a RRC message.

	Huawei
	Agree
	Same view as Intel

	OPPO
	
	If SCell state is not explicitly indicated in HO command, then it is in deactivated state.

	Xiaomi
	Agree
	SCell should be de-active before handover completes.

	vivo
	Agree
	Not sure why this needs to be discussed.

	Nokia
	Depends
	Normally SCells are deactivated in HO, but as Ericsson stated, we should follow the existing functionality in case SCells are configured as activated. Therefore, nothing new is needed here and UE just follows the network configuration.

	Apple
	Partial Agree
	NW can activate some of target SCells via HO command if the total activated serving cell number of source and target link does not exceed UE capability. 

	Charter Communications
	Agree
	

	CATT
	Agree
	

	NEC
	Partial Agree
	Agree with Apple.

	ITRI
	Agree
	Same view as Xiaomi.

	ZTE
	Disagree 
	Since the fast SCell activation has already been supported in LTE, we think the UE should determine the initial state of SCell based on the configuration provided in handover command. If the initial state is configured as active, then the UE should active the SCell accordingly.

	Samsung
	Partial Agree
	The SCells may remain in activated, or dormant, or deactivated state based on network configuration during handover. 

	LG
	Disagree
	It depends on the network decision. As the legacy configuration, SCell can be activated directly. Since the network has already known whether the SCells configuration can be directly activated or not when doing capability coordination, the Scells is configured with direct activation if the UE capability is allowed.


For legacy HO, R15 euCA allows target SCell(s) can be explicitly configured as either active or dormant state using sCellState-r15    ENUMERATED {activated, dormant}. If there is no explicit SCellState IE configuration, then by default target SCell(s) remain in deactivated state.
9 companies agree that when target Scells configuration sent to UE in HO command, they have to remain in deactivated state for DAPS HO. After Source cell is released, target eNB can activate target SCell(s) via MAC-CE. The main reason is to simplify UE implementation for R16 DAPS HO for CA and keep SCell(s) in deactivated state until source connection is released by UE. 
6 companies think that target eNB SCell state after DAPS HO is same as R15 euCA behaviour. i.e target SCell(s) can be in one of 3 states (Active, Dormant, Deactive).
Proposal:  RAN2 to discuss whether it is allowed to configure target SCell(s) directly in active or dormant state (based on sSellState IE value) or restrict to deactivated state only (i.e., same as pre-R15 behaviour) until source connection is released to minimize R16 DAPS HO UE complexity. 

Q11. If answer to above question is “agree”, do companies agree: After successful release of source cell connection, target eNB can activate the configured SCell(s). 
	Company
	Agree/Disagree
	Comments

	Intel
	Agree
	The benefit for this is, the network does not need to count source PCell in the max number of CCs supported by the UE. 

For instance, the UE can support 4 CCs, the target can configure the UE 3SCells in target cell in CHO configuration. SO source PCell and target PCell are used during DAPS HO, and target PCell and 3 target SCells are used once source is released.

	Mediatek
	Agree
	We assumes that the SCells are activated by MAC CE. But it is also possible that the RRC message used to release the source cell connection can configure and indicate the activation/deactivation status for the SCells. 

	Ericsson
	Agree
(but can also be done earlier)
	The target eNB can also activate the target SCells in the handover command, see answer to Question 10.



	QC
	Agree
	Once source connection is released by RRC message, there are two options possible to activate already configured target eNB SCell(s) during DAPS HO. 1) based on MAC-CE 2) in new RRC message used to release source cell connection, we can specify new IEs to active/dormant /deactivated status for target SCell(s).

	Huawei
	Agree
	Target eNB can activate the configured SCell(s) by existed MAC CE, it is already supported in current specification.

	Xiaomi
	Disagree
	In the other email discussion #29, it is proposed UE may keep connection with both source and target for a certain period. There may be a gap between handover completion and release of source cell. The SCell(s) could be active after handover completion as long as the source configuration + target configuration doesn’t exceed UE capability.

	vivo
	Agree?
	We can reuse the current MAC CE to activate the SCell.
Not sure why the target SCell activation has to be after releasing the source cell.

	Nokia
	See response to Q10
	Nothing new is needed.

	Apple
	Agree
	

	Charter Communications
	Agree
	

	CATT
	Agree
	

	NEC
	Agree
	Agree with Ericsson.

	ITRI
	Disagree
	Agree with Xiaomi and vivo. Target eNB can activate SCell(s) by MAC CE once HO completes as long as the source configuration + target configuration doesn’t exceed UE capability.

	ZTE
	Agree
(but can also be done earlier)
	We think the target node can activate the SCell configured by target eNB either in handover command or any time after the handover command is received. It is up to NW’s implementation.

If the overall SCell configured exceed the UE’s capability, the UE should deactivate the SCell in source node automatically.

	Samsung
	Agree
	

	LG
	
	It’s up to network configuration. We think target cell can activate SCells regardless of the status of the source cell release.


8 companies agree that deactivated target eNB SCell(s) can be activated by using legacy MAC-CE procedure after source cell connection is released.
8 companies think that any deactivated target eNB SCell(s) are allowed to be activated using MAC-CE at any time after successful HO (i.e before releasing Source cell connection).

2 companies think that it is possible to activate target eNB SCell(s) by using a new IE to be specified in RRC message used to release source cell connection.

Proposal:  RAN2 to discuss whether it is allowed to activate any deactivated target eNB SCell(s) by using legacy MAC-CE procedure any time before release of source cell connection or only after source cell connection is released. 

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 3 possible ways to send this information to the UE:
Alt 1: Target eNB includes both source and target eNB configurations in HO Request Ack. The source eNB transparently sends this info to the UE in RRC Connection Reconfiguration Message. 

Alt 2: Target eNB sends only target eNB configuration to the source eNB in HO Request Ack. The source eNB modifies/updates the HO command to include source eNB configuration and sends to the UE.

Alt 3: The source eNB sends to the UE the source configuration to be used during HO before sending HO command. Then source eNB sends only the target eNB configuration to be used during HO in the HO command. Note: This option involves two RRC messages compared to other options.
Q12.  Companies are requested to provide their view on the alternatives above in case source eNB configuration needs to be updated/modified during DAPS HO.
	Company
	Preferred alternative
	Comments

	Intel
	Alt 3
	To our understanding, only source PSCell configuration may need to be changed since Source SCells configuration is not used during DAPS HO. 

Alt 3 could introduce additional HO delay, but unrelated to interruption time. 

	Mediatek
	Alt 2 or Alt 3
	For Alt 2, in majority of the cases, the source eNB doesn't need to modify the HO command assume that the combination with the configuration provided by the target eNB will not exceed UE capability. In some corner cases that the combination with the configuration provided by the target eNB exceeds UE capability, the source eNB will modify the HO command to include source eNB configuration. 

	Ericsson
	Alt 3
	If the source SCells can be automatically deactivated/released when the UE receives the handover command the source would not typically need to modify its configuration. If for some reason this would still be needed we think it can be done before the handover is triggered using the normal RRC connection reconfiguration procedure. We don’t think it’s worth complicating the handover procedure to cater for some very rare cases.

	QC
	Alt 1 or Alt 2
	We are fine with either Alt 1 or 2. 
For Alt 3, it is possible in current spec itself. Alt 3 means, before DAPS HO, source eNB has to update UE configuration (i.e., to release some configured source SCell(s) or all SCell(s) so that source + target configuration does not exceed UE max. capability during DAPS HO). However, when UE sends Measurement Report to source cell for DAPS HO, there will not be enough time for source eNB to change its configuration for UE and then perform HO preparation and send HO command to UE. This adds unwanted signalling overhead every time source eNB configuration has to be changed. Whether scenario is rare or not is based on actual operator deployment configuration. Note that when an SCell is configured and deactived for a UE, UE’s baseband and RF resource are reserved and we cannot assume those UE SCell(s) resource are available for other cell connection usage purpose.

	Huawei
	Alt 3
	Source eNB can change its configuration any time before HO completes, it is unnecessary to bind source and target configuration together.

	OPPO
	Alt 3
	Alt 3 is already supported by the existing spec.

	Xiaomi
	Alt 3
	Alt 3 is cleaner and aligns with the update procedure.

	vivo
	Alt 1 or Alt 2
	We should avoid sending two RRC messages for the handover. According to the mobility evaluation for LTE, the handover failure is mostly caused by the loss of the handover command. Sending two RRC messages for the handover would introduce more delay for handover, which will cause more handover failure.

	Nokia
	Alt 4
	We should be as close to legacy as before: Source cell RRC configuration is done by source, and target cell HO command is passed to UE transparently by the source. Then the UE capabilities tell what is possible during HO without any extra configurations.

Note also that none of the alternatives 1-3 truly make sense:  

· Alt.1 requires target to include source cell configuration to UE, which breaks existing rules for HO command in that the HO command only includes the source cell configuration. What happens to the source configuration after the HO? Is it released or something else? How long does UE retain it? 

· Alt.2 breaks the transparency of HO command, which may create ASN.1 comprehension issues - See also response to Q7.

Alt.3 seems to assume source cell needs to send something additional to UE before the HO, which is not necessarily the case (see Q3 for discussion on capabilities). This could delay the handover without a good reason or require network to “set up” the handover well before it’s needed.

	Apple
	Alt 3
	Alt3 is supported by current spec. 

	Charter Communications
	Alt 2
	We agree that Alt 3 is supported by existing specs, but it requires an additional RRC message to the source after receiving the measurement report message which triggers the source to execute DAPS HO. This means additional processing with respect to lower layer (re)transmissions as well on a link which has started to degrade. 

So, between Alt 2 and Alt 3, we prefer Alt2. 

	CATT
	Alt 3
	For simplicity.

	NEC
	Alt 2 or Alt 3
	We are also fine with Alt 3 which is supported by current spec. But we are also find to send source eNB and target eNB configuration in one message which can save processing delay.

	ITRI
	Alt 1 or Alt 2
	We understand that Alt 3 is already supported by current spec and source configuration can be sent to UE through an independent RRC message whenever. However, when preparing HO, additional signalling may delay the transmission of HO command, which may increase the possibility of HO command delivery failure.

	ZTE
	Alt 3
	The updating/modification of configuration in source side is not allowed after the transmission of handover command. While before sending HO command, the source eNB can change the source configuration at any time, which is supported by the current spec.

	Samsung
	Alt 3
	This alternative is already supported in specification

	LG
	Alt 3
	We think this is corner case discussion which mean it can be occurred rarely and it could be handled by the current specification. 


2 companies think that Alt 1 is also possible. This means target eNB has to send both source eNB configuration to be used during DAPS along with target eNB configuration to source eNB. Then source eNB can transparently pass this information to UE.

6 companies think that Alt 2 is possible. i.e Target eNB sends only target eNB configuration to the source eNB in HO Request Ack. The source eNB modifies/updates the HO command to include source eNB configuration and sends to the UE. This means, source eNB is free to modify Source eNB SCell(s) configuration and send to UE along with target eNB configuration.
10 companies think that Alt 3 is possible. This option means, whenever source eNB is using full UE configuration before DAPS HO, source eNB has to release some of Source eNB SCell(s) to create space for target eNB configuration. This can be done with legacy RRC Connection Reconfiguration procedure. But the main issue with this option is , it adds unwanted additional signaling overhead for changing source eNB configuration before DAPS HO, causes delay in execution of DAPS HO (most of legacy HO failures are caused due to UE unable to receive HO command properly and this is being addressed by R16 Conditional HO enhancements) and it is against the spirit of DAPS HO robustness improvement. source eNB can decide whether to perform DAPS HO or not only after receiving UE measurement reports and then source eNB initiates HO preparation procedure with selected eNB. There is short window of time between source eNB decision to perform DAPS HO and sending HO command to UE. If source eNB sends updated source eNB configuration during that short window of time, it more likely that DAPS HO will be delayed and may cause DAPS HO failure as well. 
1 company thinks that none of 3 alternatives will work. Alt 4 is “Source cell RRC configuration is done by source, and target cell HO command is passed to UE transparently by the source. Then the UE capabilities tell what is possible during HO without any extra configurations”

Proposal:  RAN2 to further discuss about how to signal updated source eNB configuration to be used during DAPS HO. 

                  Option 1 : Target eNB sends only target eNB configuration to the source eNB in HO Request Ack. The source eNB modifies/updates the HO command to include source eNB configuration and sends to the UE.
                 Option 2 : The source eNB directly updates to the UE the source eNB configuration to be used during DAPS HO before sending HO command. Then source eNB transparently sends only the target eNB configuration to be used during in the HO command.

Once UE receives RRC Connection Reconfiguration message (including Mobility Control info), UE updates its source cell configuration and 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 HO completion, target eNB may send RRC message (which is not agreed yet) to UE for releasing source eNB connection. Based on this RRC message, UE can release source cell connection and UE applies target eNB configuration to be used after source cell is released. Alternatively, 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).
In RAN2#106, following was captured as FFS:


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).
If a network does not support UE capability co-ordination (i.e., either of source or target or both nodes do not support capability co-ordination) it is not always possible to ensure that source configuration + target configuration does not exceed maximum UE capabilities. One option for UE upon receiving such HO command could be to to trigger re-establishment or relinquish connection with source cell and just perform legacy HO to the target eNB, which in theory can be pre-Rel-14 or Rel-14 MBB. This causes large HO interruption and at the same time increases UE implementation complexity for supporting many types of handovers. 
Therefore, it is reasonable to explore and define simplistic and deterministic ways such that UE can take advantage of Rel-16 eMBB (i.e.,whenever possible) even in absence of capability coordination or even when capability co-ordination is supported by network but source + target cell configuration is still exceeding max. UE capability during DAPS HO (due to network configuration issues etc)  . In order to simplify UE implementation, concurrency requirements and to meet requirement of close to 0ms HO interruption time, it should be sufficient for UE to maintain active PCell connections with both source and target eNBs during DAPS HO execution period.  
Q13. Do companies agree: During DAPS HO execution, UE maintains only PCell connections with both source eNB and target eNB, provided source PCell + Target PCell configuration does not exceed maximum UE capability. 

	Company
	Yes or NO
	Comments

	Intel 
	Yes
	This is the simplest way. 

	Mediatek
	Yes
	If network doesn’t support UE capability coordination, UE only maintains PCell configuration for both the source eNB and the target eNB. 

	QC
	Yes
	

	Huawei
	Yes
	For close to 0ms interruption time it is enough, the activation of SCells can be done by network explicit indication later.

	OPPO
	No
	We wonder:
1. What is the meaning of “maintains only PCell connections”? For those SCells, does UE automatically release them if not maintaining them?

2. Does UE always behave like this? Or only if the source eNB (PCell + SCells) + target eNB (PCell + SCells) configuration exceeds maximum UE capability?
3. or is the intention to restrict network to configure only source PCell + target PCell during DAPS HO?

Updated comments:

We don't think UE can autonomously release SCells. We prefer to not change the CA mechanism, i.e. SCell deconfiguration and deactivation are all explicitly controlled by the network. If source + target configurations exceed UE maximum capabilities, then UE simply fall back to legacy HO, i.e. option a) in Q14.

	Xiaomi
	No
	The SCell(s) could be active after handover completion as long as the source configuration + target configuration doesn’t exceed UE capability.

	vivo
	Yes?
	This can be realized by the explicit configuration from the network. Not sure anything needs to be specified in the specification.

	Nokia
	-
	This is same as Q2 – why are we repeating the same question? If the intent was to ask what happens if capability coordination is not done, that should be made more clear. As it is, the intent of this question is very unclear.

	Apple
	??
	We have the same question as Nokia’s.  The intention of this question is not clear. 

	Charter Communications
	Yes
	Of the two stated clarifications by rappoteur in the comments section, /2/ (”if NW supports capability co-ordination but still source + target eNB configuration for a UE is exceeding max. UE capabilities.”) shouldn’t occur if capability coordination is supported by the involved nodes.  

/1/ (”when NW does not support capability co”) may occur. In which case, proposal here is acceptable to us.

	CATT
	
	This question is not so clear. 

	NEC
	Yes
	If the capability coordination is not proformed, and the source and target configuratons excedd UE capabilies, UE only maintains PCell configuration for both the source eNB and the target eNB if they are within UE capacities.

	ITRI
	No
	Same view as Xiaomi.

	ZTE
	No 
	We think such strict restriction “UE maintains only PCell connections with both eNB and atrget eNB” is not needed. It can be left to UE implementation to prioritize the configuration/scheduling from the target cell if source+target configuration exceeds UE capability. E.g. the UE can automatically release or deactivate the source SCells in such case. 

	Samsung
	
	Not clear about the intention of ‘UE maintains only PCell connections with both source eNB and target eNB’ 

Does this mean that the SCells configured by network are implicitly released by the UE if the UE capability is exceeded (provided source PCell config + target PCell config is within the UE capabilities)? We don’t prefer UE autonomous release of SCells. 

	LG
	No
	If needed, the network configure SCell configuration. We don’t need to support autonomously SCell release from UE side since the network can configure the SCell configuration according to the capa coordination.


7 companies think that if source Pcell , Scell(s) configuration + target eNB Pcell , Scell(s) configuration exceeds UE max. Capability (which may happen more likely when network capability co-ordination is not implemented by network), UE can try to make use of its DAPS capability to maintain only Pcell connection during DAPS HO execution and configured Scell(s) can be released by UE.
For 4 companies, intent of question was not clear. It was clarified as in a paragraph before the question itself and it was clarify in a comment as ”Motivation for this question is 2 fold . 1) when NW does not support capability co-ordination 2) if NW supports capability co-ordination but still source + target eNB configuration for a UE is exceeding max. UE capabilities”.Few other companies think that they do not prefer UE autonomous actions for SCell handling. It is not clear how NW can explicitly handle this situation, since NW does not know whether UE capability exceeded or not due to “no capability co-ordination support”. One company thinks that It can be left to UE implementation to prioritize the configuration/scheduling from the target cell if source+target configuration exceeds UE capability. E.g. the UE can automatically release or deactivate the source SCells in such case.
Proposal:  When network does not support UE capability co-ordination framework for DAPS HO and if UE capability is exceeded, the UE maintains only PCell connection with both source and target eNBs. It is FFS what is UE behaviour for source and target SCell handling. 

Q14. Companies are requested to provide their view on: During DAPS HO execution, if UE capabilities are exceeded by source+target configurations:

a) UE performs legacy pre-Rel-14 HO to target eNB.

b) If UE supports Rel-14 MBB HO, UE performs Rel-14 MBB HO to target eNB.

c) UE triggers Re-establishment.
d) Other.
	Company
	Option
	Comments

	Intel
	“d” trigger RRC re-establishment” as if UE cannot comply with target RRC configuration.
	This is only applied for source/target configuration for PCell used during DAPS HO, since the UE only handles target SCell configuration after release of source PCell, and target PCell+target SCells configuration as legacy HO.
1 if source PCell+target PCell configuration or target PCell+target SCells exceed the UE capability, the UE trigger RRC reestablishment. 

2 If source PCell+target PCell+target SCell. Exceed the UE capability, but target PCell+target SCell or target PCell+source PScell do not exceed the UE capability, the UE will still perform DAPS


	Mediatek
	d
	Agree with Intel. Trigger RRC connection re-establishment is the simplest way in both standard and implementation.

	QC
	Option A 
	Option C causes UE to trigger re-establishment, which may cause unwanted additional signalling and latency than legacy HO. 

	Huawei
	c
	Same view as Intel and MTK

	OPPO
	a
	We share the same view as Qualcomm. We should try to avoid Re-establishment as it is less optimal than HO.

	Xiaomi
	c
	We see this case as NW error, which should trigger re-establishment. Failure information could be stored to optimize NW. If option a is used, NW is not aware of the error configuration.

	vivo
	c
	Not sure how the UE differentiates the network error configuration from other configurations. For Option a), this could also be caused by an error configuration of the target link. For example, if the target link RLC configuration (e.g. RLC Length Indicator (LI) configuration mismatching) exceeds the UE capability, the UE should not try handover to the target.

	Nokia
	a (fallback to legacy)
	This also relates to how the “capability coordination” is defined, which unfortunately has not been discussed so much in this discussion. See our responses to Q1-Q3.

If HO is triggered, triggering re-establishment seems unnecessary as it would involve UE autonomous actions and cause more interruption. Since the HO is triggered, it would be better if UE just follows the legacy procedure towards target without causing extra delays due to cell selection because of re-establishment.

	Apple
	a
	Comparing to option c (triggering establishment), option a (legacy HO) will bring less signaling overhead and shorter data interruption time. 

	Charter Communications
	c or d
	We assume this is the case where capability coordination is not supported in the network i.e. an error case. So, we don’t see a point in trying to optimize this scenario. If we agree to the premise and conclusion to Q13, then even if the source and target configuration mismatch occurs, UE only has to worry about source and target Pcell. From that perspective, option a) is the easiest to avoid interruptions. But, if UE proceeds with DAPS HO regardless, and the configuration mismatch is e.g. UL/DL MIMO configuration, then handover is not expected to succeed anyways. In which case, option c or d (per Intel) appears to be the cleanest.

	CATT
	c
	Agree with MediaTek and Intel

	NEC
	A and B
	RRC reestablishment will cause remarkable interruption, which is the opposite of the goal of DAPS handover, should be avoided. For A and B, only one connection needs to be maintained by UE during handover, and the network behaviour is not impacted. 

	ITRI
	c
	Same view as Intel and MTK

	ZTE
	d (prioritize the configuration/scheduling from the target cell)
	Based on the agreement that “We will specify dual active with specified capability coordination that does not have to be utilized by the network.”, we think option C shall be excluded, since option C imply the capability coordination is mandatory for DAPS.

In LTE, besides the capability related to band combination, the capability needed to be coordination is mainly the UL transmission power and the maxSCH-TB-BitsDL. For the UL transmission power and maxSCH-TB-BitsDL, we think option a/b is not feasible, since the UE has no idea whether the UL Tx power and maxSCH-TB-BitsDL will exceed the UE’s capability before processing the DAPS HP.
From our point of view, in case UE capabilities are exceeded by source+target configurations, UE should always prioritize the configuration/scheduling from the target cell (i.e. the UE can release/ignore some configuration in source side to enable the configuration in target side).

	Samsung
	c
	This is a network configuration issue and UE cannot isolate the cause as either source or target eNB issue. Moreover, this network error is not expected to happen frequently. Therefore, it is best to trigger RRC connection re-establishment. 

	LG
	d
	We wonder if this case can be same as error case handling. In the most cases, this issue can be prevented by the network since the both cells already know UE capability to support DAPS HO. Then it will be one of rare case handling and we also think it can be also up to UE implementation which is not specified in this release due to many other issues.


8 companies think that option c works (i.e UE declares Re-establishment when source eNB + Target eNB configuration exceeds UE max. capability, Example: which may be due to NW implementation error. 1 company thinks that Option d (i.e UE to prioritize target connection over source cell connection). 5 companies think Option A works (i.e benefit of UE fallback to legacy HO if UE capabilities are exceeded is legacy HO interruption and signalling overhead is less than Re-establishment procedure). 1 company thinks Option B is possible. 1 company thinks it is rare case and can be handled by UE Implementation. Probably, it is better to have some online discussion and select one option between option A and C.
Proposal: RAN2 to discuss and agree one of following 2 options when source eNB configuration + Target eNB configuration exceeds UE capabilities during DAPS HO.
                  Option 1 : fallback to legacy HO case

                 Option 2 : UE performs Re-establishment procedure
DAPS HO need to be supported for various deployment scenarios and it may not be possible for UEs to support DAPS (based on various of UE implementations, high tier/low tier UEs etc). Thus, it is reasonable to specify UE capabilities for various scenarios. Here are few scenarios (may not be an exhaustive list) to consider as starting point of discussion for specifying UE DAPS capabilities.
· Intra Band: Intra Freq, Inter Freq HO

· Inter Band: Inter Freq

· DAPS HO support indication for various bands and band combinations 
· Baseband capability limitation for Intra Freq HO (e.g., reduced MIMO capability)
· Sync Vs Async DAPS HO support

· How to indicate supported number of CCs between source and target cells during DAPS HO 

· Multi TAG support for DAPS HO
· Ability for UE to support simultaneous DL reception and UL transmission as function of supported Rx/Tx chains.
· Optional UL TDM support etc.
Q15. In order to support DAPS HO for various scenarios, do companies agree that UE capabilities need to be enhanced to indicate the support of DAPS HO for various scenarios (ex: Intra freq HO, DAPS HO Band combinations, ability to simultaneous transmit for a given DAPS HO scenario, multi TAG support between source and target eNBs, Sync Vs Async etc.)? Also list any other applicable scenarios.
	Company
	Yes or No
	Comments

	Intel
	Yes
	At least support of DAPS (sync or async, TDM based or not (depends on the decision on support of 1Rx)) for intra/inter band combination (MIMO/CSI, etc are included as CA/DC band combination) is needed. 

In terms of supported number of CCs between source and target during DAPS HO and multi TAG, we may not need them if only source PCell and target PCell are used during DAPS HO.  

	Mediatek
	Yes
	We should consider UE capability in inter-frequency/intra-frequency, sync/async, optional UL TDM for different band/band combination first. 

	Ericsson
	Yes
	The proposed list is a good starting point but the exact capabilities needed for eMBB (and in particular for dual Rx/Tx) should be discussed in RAN1/RAN4 as this is not RAN2’s competence area. 

	QC
	Yes
	To support various DAPS HO scenarios like supported Bands (intra freq, inter freq), Band Combinations (inter freq), Sync Vs Async , Base Band limitations for intra freq HO if any, multi TAG between nodes, Rx/Tx chain support capability, optional need for UL TDM in cases where simultaneous UL Tx is not possible etc. We are fine to send an LS to RAN4/RAN1 to seek their inputs for new UE capabilities required for DAPS HO UEs.

	Huawei
	Yes
	As we haven’t had any discussion on TDM, at least in this stage we think if UE supports DAPS handover in some scenario it means UE supports simultaneous DL reception and UL transmission in this scenario.

	OPPO
	Yes 
	At least UE capabilities need to consider inter freq/intra freq and sync/async as sent in the earlier RAN4 LS. For others, we may need more input from RAN4.

	Xiaomi
	Yes
	

	vivo
	Yes
	

	Nokia
	Yes
	Almost any new feature needs additional capabilities. We think at least the following capabilities could be considered:

· Basic RUDI HO support: Intra-frequency synchronous scenario (1 capability bit)

· UE maximum data rate towards source/target during HO (2 capabilities, e.g. using UE category signalling)

· Maximum number of MIMO layers during HO to source/target (might not be needed if we just halve the MIMO layers in existing capabilities)

Support of async deployments for intra/inter-frequency (2 bits)

	Apple
	Yes
	

	Charter Communications
	Yes
	Agree with Ericsson.

	CATT
	Yes
	

	NEC
	Yes
	

	ITRI
	Yes
	Agree with Ericsson and OPPO. Comments from RAN1/RAN4 are required.

	ZTE
	Yes 
	We may need more input from RAN1/RAN4 about the exact capabilities needed for DASP HO. Then we can discuss how to indicate those UE capabilities in the existing structure.

	Samsung
	Yes
	We need to study this in more detail in RAN2. We feel that we need more time and discussions to develop the complete solution ex: how to support for UEs that don’t support CA/DC. Agree with Ericsson that we may need inputs from RAN1 and RAN4 as well.

	LG
	Yes
	


All 17 companies agree that some sort of UE capability needs to be specified and different companies have different assumptions about what capabilities to be specified. Since there is requirement for DAPS HO UE to share baseband/RF resources between source and target eNB for simultaneous connectivity, RAN2 can send a LS to both RAN1/RAN4 to seek their input. 
Proposal: RAN2 to send a LS to both RAN1 and RAN4 to seek their input about what are various DAPS HO UE capabilities to be specified for sharing of baseband/RF resources between source and target eNBs for various deployment scenarios.

3. Summary
Based on the above discussion, below is list of proposals for discussion and agreement.
Proposal 1:
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 based on UE’s radio capabilities supported for DAPS HO.

Proposal 2:        Network implements capability co-ordination for DAPS HO and follows the principle of “During DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”.

Proposal 3: 
If Network capability co-ordination is supported by a network, both source and target eNBs need to be capable of supporting UE capability co-ordination for DAPS HO.
Proposal 4:
In order to fulfil the principle of “during DAPS HO, source eNB configuration + target eNB configuration shall be less than or equal to maximum UE supported radio capabilities”, network has to support UE capabilities co-ordination between source and target eNBs during DAPS HO preparation phase. 
Proposal 5: 
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 6:  
RAN2 to discuss following 2 options for DAPS HO SCell(s) handling and agree. 

                           Option 1: In R16 DAPS HO, only source PCell + Target PCell connection is allowed and NW should always explicitly release any source configured SCell(s) in HO command given to UE. Target eNB is allowed to configure target SCell(s) only after source connection is released.

                           Option 2: In R16 DAPS HO, source PCell + Target PCell connection is allowed and if any configured source and target SCell(s) have to remain in deactivated state during DAPS HO execution period. Target SCell(s) can be re-configured (addition, release, modify) and activated by using MAC-CE only after releasing source cell connection.

Proposal 7:  
If RAN2 decides to support source and target SCell(s) configuration during R16 DAPS HO work, as part of HO command sent to UE, some of source SCell(s) can be explicitly released by source eNB and remaining configured source SCell(s) will be in deactivated state.
Proposal 8:
RAN2 agrees that Source eNB determines the source eNB configuration to be used during DAPS HO execution and sends this information along with UE HO capabilities to the target eNB in HO Request message. i.e., If source eNB is already using full UE capabilities, source eNB is allowed to downgrade its configuration and send to target eNB.
Proposal 9:
During DAPS HO, Target eNB determines the target eNB link configuration to be used during DAPS HO execution by taking received source eNB configuration and UE capabilities into consideration and sends its back to source eNB in HO Request Ack message. 

Proposal 10:
For target eNB, it is allowed to provide its updated configuration to be used after source cell connection is released by using either legacy RRC Connection Reconfiguration procedure or by using any other explicit RRC message used by target eNB to release source link. 

Proposal 11:
RAN2 to discuss whether it is allowed to configure target SCell(s) directly in active or dormant state (based on sSellState IE value) or restrict to deactivated state only (i.e., same as pre-R15 behaviour) until source connection is released to minimize R16 DAPS HO UE complexity. 

Proposal 12:
RAN2 to discuss whether it is allowed to activate any deactivated target eNB SCell(s) by using legacy MAC-CE procedure any time before release of source cell connection or only after source cell connection is released. 

Proposal 13:  
RAN2 to further discuss about how to signal updated source eNB configuration to be used during DAPS HO. 

                 
Option 1: Target eNB sends only target eNB configuration to the source eNB in HO Request Ack. The source eNB modifies/updates the HO command to include source eNB configuration and sends to the UE.
            
Option 2: The source eNB directly updates to the UE the source eNB configuration to be used during DAPS HO before sending HO command. Then source eNB transparently sends only the target eNB configuration to be used during in the HO command.

Proposal 14:  
When network does not support UE capability co-ordination framework for DAPS HO and if UE capability is exceeded, the UE maintains only PCell connection with both source and target eNBs. It is FFS what is UE behaviour for source and target SCell handling. 

Proposal 15: 
RAN2 to discuss and agree one of following 2 options when source eNB configuration + Target eNB configuration exceeds UE capabilities during DAPS HO.
                


Option 1: fallback to legacy HO case

                 


Option 2: UE performs Re-establishment procedure
Proposal 16:      RAN2 to send a LS to both RAN1 and RAN4 to seek their input about what are various DAPS HO UE capabilities to be specified for sharing of baseband/RF resources between source and target eNBs for various deployment scenarios.
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