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1 Introduction

This is the report of email discussion:

105bis#15][NR/mob enh] HO interruption solutions (Huawei)


Identify commonality and differences of the HO interruption time solutions based on DC and non-DC (can consider conclusions from LTE discussions as a starting point if they are appropriate for NR)


The email discussion should also start to capture some analysis of the difference solutions.


Intended outcome: Report to next meeting


Deadline:  Thursday 2019-05-02 

In RAN2#105bis, the following agreements are achieved:

Agreements

1
The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)

2
We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.

3
We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).

In this email discussion, we are focused on discussion of the solutions realize true 0ms which involve dual active protocol stacks. This discussion are conducted in two phases:

Phase one: Clarification of functionalities in mobility enhancement schemes.

Deadline for phase one: Tuesday, 04/23/2019. 

Phase two, Major mobility enhancement solution comparison.

Deadline for phase two: Thursday, 05/02/2019.
2 Phase one: Clarification of functionalities in mobility enhancement schemes 

In this phase, companies are invited to provide input on major functions supported in their mobility enhancement schemes. 

2.1 User Plane Functions
Mobility enhancement schemes may differ in the support of the following functions. If a function is supported, network should be able to configure and utilize the function during handover procedure. That is, the support of a function doesn’t mean that it has to be enabled all the time. It is also beneficial to have uniform UP protocol structure, regardless of if a particular feature is configured or not.

2.1.1 ROHC header compression/de-compression

As this mobility enhancement WI should cover a variety of use cases, such as eMBB, URLLC, and V2X, where data packets carry small payload of voice and machine data, companies are invited to clarify if ROHC is supported in their mobility enhancement scheme. If yes, the ROHC function may be anchored at one node (the PDCP anchor), or conducted at both source and target nodes. 

2.1.2 PDCP packet duplication

Mobility enhancement scheme should support URLLC and IIoT, for which PDCP packet duplication is a technique already specified in Rel-15 to reduce the latency and improve the reliability. Companies are invited to clarify if PDCP packet duplication is supported in their mobility enhancement scheme. 
2.1.3 PDCP SDU encryption

The PDCP SDU encryption function may be anchored/conducted at one node (the PDCP anchor), or conducted at both source and target nodes with different keys. Companies are invited to clarify if PDCP SDU encryption is done for the anchor node only or for both source and/or target cells in their mobility enhancement scheme. 

2.1.4 PDCP PDU Re-ordering

Companies are invited to clarify whether common PDCP PDU reordering and duplication discard is performed for PDCP PDU received from source and target cells, or separate PDCP reordering and duplication discard is performed respectively for PDCP PDU received from source and target cells. 
Companies are invited to provide their input in the following table:

	Company
	ROHC support (Yes/No)
	PDCP  duplication Support (Yes/No) 
	PDCP SDU encryption (1) only by anchor or 2) separately by source and target cells)
	ROHC Compression (1) single one from anchor node or 2) either from source and/or target cells)
	Reordering and duplication discard (1) common or 2) separate for source and target cells)

	Huawei, HiSilicon
	Yes
	Yes
	1) only by anchor node
	1) single ROHC compression
	1) Common reordering and duplication discard

	Ericsson
	Yes. Unless, for MBB, RAN2 decides on a solution where the UE sends data to two nodes at the same time in which case additional specification effort would be needed to allow cross node coordination.
	PDCP duplication is can be enabled in the source node prior to the HO, like in legacy. And it can be enabled in the target node after the HO, like in legacy. However, we suspect the question by the rapporteur here is whether PDCP duplication can be enabled during the HO. 

For DL it is possible to do duplication in any solution, it is a NW-decision whether to apply it or not. In particular, for MBB, the source node can start to forward DL data to the target node after it has sent the handover command and at the same time it can also continue to transmit the same DL data to the UE. So in this sense PDCP duplication is supported even though not using a PDCP split bearer on the network side.

For UL, with MBB-based solutions, there is a defined time when the UE performs the switch from sending data to the source to sending data to the target. There is no time when the UE sends data towards both nodes.

We do however assume that duplication in UL requires dual-RX/TX and only works in inter-frequency cases so the scenarios where duplication can be used are limited.
	The HO-occasion in MBB corresponds to the role-switch occasion DC, in the context of this question.

In MBB, PDCP encryption is done separately by the source and target nodes. The UE decrypts using the key of the node from which it got the PDU from. I.e. 2?

In the DC-based variant, the UE uses source key for all PDUs (UL and DL) until the role-switch upon which the UE starts using the target key for all PDUs. I.e. 1?
	The HO-occasion in MBB corresponds to the role-switch occasion DC, in the context of this question.

2.

In MBB, the source and target node applies separate ROHC processing similar to how security is handled. The UE (de)compresses based on which node it got the PDU from/will send the PDU to. 

One suggested issue that was brought in the last meeting is that PDCP re-ordering must be done before decompression. For the DL this is not an issue since the UE can remember on which leg the packet was received on and apply the corresponding ROHC context. For the UL this issue can be solved by only transmitting UL UP data to the target node after the handover complete message. In this way the target node will have all the packets and can re-order them by itself. Hence we don’t think this is an issue.
	1.

For DL, re-ordering and duplication discard is done in the PDCP entity on the UE side and we assume there is no difference between MBB and DC in this aspect.

For UL, in MBB, UL UP packets will only be sent to target node after the target link is established which means that the re-ordering and duplication discard can be done locally by the target node.



	QC
	Yes
	Yes

Up to implementation for DL.

Can be configured for UL but the benefit is questionable for cell edge UE which is going through HO.
	1 for DC-based

2 for eMBB
	1 for DC-based

2 for eMBB
	Common

	DOCOMO
	Yes
	Yes
	Only by anchor node
	Single ROHC compression
	Common reordering and duplication discard

	ZTE
	Yes
	Should be discussed separately for DL and UL and can also be different for DC based and non-DC based solutions.

For DL: left to source decision. Can be supported both for DC based and non-DC based solutions.

For UL: Whether duplication can be supported or not depends on the scenarios and the selected solutions. 

1) For scenarios where simultaneous transmission in source and target is possible (e.g. inter-freq): duplication can be configured for DC based solutions. While for non-DC based solutions, in our opinion, the new data should be switched to the target cell after the reception of the first UL grant in the target. So there’s no requirement to configure UL duplication in this case.

For scenarios where simultaneous transmission in source and target is impossible (e.g. intra-freq asynch): in our opinion,  new data should be switched to the target cell after the reception of the first UL grant in the target, both for DC based and non-DC based solutions. So there’s no requirement to configure UL duplication in this case.
	1) for DC based

2) for non-DC based
	Single ROHC compression both for DC based and non-DC based.
For non-DC based solution: it should be noted that in NR reordering function is removed from RLC. Maintaining separate ROHC functions at the source node and target node will require two rounds of reordering. The PDCP reception side should process the first round of reordering before ROHC (to ensure the in sequence de-compression), and process a second round of reordering for duplication detection and discard. In order to avoid the extra complexity and reordering latency, we prefer to have single ROHC for non-DC based solution as well.
	Common reordering and duplication discard both for DC based and non-DC based.



	vivo
	Yes
	Yes
Up to implementation for DL.

Configurable for UL.
	1) for DC-based solution.

2) for non-DC-based solution
	1) for DC-based solution.

2) for non-DC-based solution
	1) for DC-based solution and non-DC-based solution which supports dual active protocol stacks.
2) for non-DC-based solution which supports dual active protocol stacks.

	OPPO
	Yes
	Yes
	1 for DC-based

2 for eMBB
	1 for DC-based

2 for eMBB
	1 for DC-based;
For eMBB: separate reordering before decompression and common reordering after decompression for in-sequence delivery of PDCP SDUs to upper layer;

	LG
	Yes
	DL: Yes
The UE has to apply different security key for a PDCP PDU based on from which leg it is received.

UL: NO

The legacy PDCP duplication cannot be applied because the PDCP PDU transmitted to source cell and target cell has to be encrypted with different security key.

Note that in legacy PDCP duplication, all duplicated PDCP PDUs are encrypted by the same security key.


	2) separately by source and target cells
	Other) separately by source and target cells
	Common reordering and duplication discard

For DL, it is similar to split bearer operation. Therefore, common reordering and duplication discard in UE can be used. 

For UL, if the UE does not transmit the packets to the source cell after successfully connecting to the target cell, reordering and duplication discard can be performed only in target cell.

	CATT
	Yes
	Yes

It is up to the network implementation in DL. In UL, duplication  could be applied at least in some scenarios hence it could be configurable by the network.
	(1) for DC-based solution.

(2) for non-DC-based solution
	(1) for DC-based solution.

(2) for non-DC-based solution
	For both DC-based and non-DC based DL, common reordering applies.

(1) for UL of DC-based solution 
(2) for UL of non-DC-based solution .

	Samsung
	Yes
	DL: PDCP duplication is possible with both eMBB and DC based solution.

UL: Scenarios where this can be applied is limited and this requires dual Tx capability at the UE.
	For DC based 1)

For eMBB 2) i.e. from source before detachment point and from target after detachment point


	For eMBB source applies its ROHC context before detachment point and target applies its ROHC context after detachment point.


	Common reordering and duplication discard

	Vodafone
	Yes
	Yes 
	(1) for DC scenario 
	Single ROHC from the anchor node for DC scenario
	Common re-ordering and duplication discard

	Intel
	Yes
	For DL, it is possible, but depends on network decision and UE capability.
For UL, the gain needs to be evaluated since normally power is limited at cell edge. 
	1 for DC, 2 for non-DC;
From UE side, for both DC and non-DC, UE needs to be ready to deciphering the packets protected by source key and target key simultaneously. 
	1 for DC, 2 for non-DC;

From UE side, for both DC and non-DC, UE needs to be ready to do decompression based on source ROHC and target ROHC during role change.  .
	For DL, common reordering for both DC and non DC;
For UL, common reordering if single UL for non DC; separate reordering before decompression if dual UL is supported;

	Mediatek 
	Yes
	It should be discussed separately for DL and UL. 

In DL, it’s possible to do duplication by implementation and UE performs duplication detection as normal. 

In UL, the gains for interruption reduction and the complexity at both the UE and network side should be evaluated first. 
	(1) for DC-based solution.

(2) for non-DC-based solution
But for DC-based solution with role change, UE still needs to handle two security keys.  
	(1) for DC-based solution.

(2) for non-DC-based solution
Agree with Ericsson that there is no problem to support separate ROHC in DL at the UE side in non-DC based solution. 

For UL, how to perform reordering and header decompression should be considered further. 
	Common reordering is needed for DC-based solution in both DL and UL;

Common reordering is needed for non-DC-based solution in DL. 

For single UL, reordering is perform at the target gNB; for dual UL, two levels of re-ordering may be needed. 




2.2 Functional Steps in Control Plane Procedures


As many companies did not consider HO schemes for UE configured in DC mode, this discussion focuses on the HO procedure for UE not configured in DC mode. This does not mean UE mobility under DC configured mode is not a requirement for handover. In fact, handover under DC mode is a very important aspect which deserves separate discussion. 
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Figure 1 Signaling flow chart of control plane procedures of handover for 0ms interruption.

As is shown in Figure 1, the major control plane functional steps can be summarized as follows:
2.2.1 Target cell addition and Pcell change

Target cell addition and Pcell change are configured by the RRC reconfiguration message including ReconfigurationWithSync for handover with simultaneous connectivity. The Pcell change includes the control plane change and user plane change. Through the control plane change, the SRB1 and SRB2 are transferred to the target gNB. The user plane change includes PDCP anchor change. The target cell addition and Pcell change are comparable to the corresponding procedure in basic handover.

2.2.2 Access to target cell (RACH )

The access technique used for the handover access to the target cell is independent to the handover schemes. Handover access can be conducted as RACH based including CFRA or CBRA. Access to target cell is a common procedure to be conducted in any handover procedure.
2.2.3 Source cell release

Source cell release is another basic process of the complete handover procedure. It can be conducted implicitly or explicitly. The network explicitly controlled source node release function is likely used to ensure the connection between the UE and the source node and benefit to 0ms interruption.

Companies are invited to indicate the use of these major steps in their mobility enhancement schemes.

	Company
	Target cell addition & anchor change (Yes/No)
	Access to target cell (RACH or RACH-less) (Yes/No) 
	Source cell release (Yes/No)

	Huawei, HiSilicon
	Yes
	Yes
	Yes

	Ericsson
	No.

For MBB there is no need for the concept of “anchor change”.
	We interpret the question to be if RA (or RACH-less) is needed to target. But perhaps we have misunderstood it.

Yes.
	No. There is no need for an “Source cell release” procedure in MBB since the UE can release source implicitly.

	Qualcomm
	Yes (assuming the meaning is configuring dual links by source and removing source link at the end)
	Yes
	Yes

	DOCOMO
	Yes
	Yes
	Yes

	ZTE
	Yes for DC based.

No for non-DC based (for non-DC based there’s no such step of anchor change)
	Yes 
	Yes for DC based.

FFS for non-DC based (for non-DC based, the source cell can also be released implicitly)

	vivo
	No, as there is no anchor change for non-DC-based solution 
	Yes
	Yes. This can be either explicit or implicit.

	OPPO
	No. For eMBB-based solution, we don’t have “anchor change”.
	Yes
	Yes

	LG
	No,

We also think there is no step for anchor changing in non-DC bearer solutions.
	Yes,

To synchronize with Target cell, UE should perform Access procedure in a certain step regardless of solutions.
	Yes,

Condition to release source cell can be a discussion point.

	CATT
	Yes for DC-based

No for Non-DC based since no anchor change procedure
	Yes
	Yes

	Samsung
	No

For eMBB there is no concept of anchor change
	Yes
	No for eMBB

	Vodafone
	Yes
	Yes 
	Yes

	Intel
	No, we do not have anchor change for non DC solution. 
	Yes, but RACH less HO is still under the discussion. 
	As mentioned by other companies, FFS on explicit release or implicit release for non DC based solution. 

	Mediatek
	NO for non-DC based solution.
	Yes. 
But whether to support RACH-less has not concluded yet.
	Yes. 


3 Phase two: Discussion of the impact of different functionalities in mobility enhancement schemes 

3.1 Summary of the input from phase one discussion
3.1.1 User plane functions

	Company
	Commonality in Schemes

1) ROHC is supported during HO procedure;
2) DL PDCP duplication is supported during HO procedure
	Difference in Schemes
1) UL PDCP duplication is supported (Huawei/QC/DoCoMo);

2) UL PDCP duplication is not supported (Ericsson). 

3) UL PDCP duplication is supported in DC HO if simultaneous UL TX to the source and target cells is feasible, but not for non-DC approach or when simultaneous UL TX to the source and target cells is not feasible. 

	Huawei, HiSilicon
	  
	The feasibility of UL simultaneous TX to the source and target cells can be decoupled from the support UL PDCP duplication, as UL PDCP duplication doesn’t require the duplicated PDCP packets to be sent simultaneously.
Without the support of UL PDCP duplication (e.g., the proper reordering and duplicate discarding operation at network side), handling packets sent to the source cell but not acknowledged becomes difficult. If UE retransmits all unacknowledged packets to the target cell without waiting PDCP status report, there will be duplicate packets delivered to upper layer. If UE only retransmits packet after receiving PDCP status report, there would be delay before transmission to the target cell can begin. Please note that when packet of SN=n was sent to the source cell and unacknowledged, UE can’t opportunistically start transmission of packet with SN=n+1 to the target cell, and retransmits packet n to the target cell later if it gets lost on the way to the source cell, as that would mess the ROHC context at the target cell.
And the lack of UL PDCP duplication would also limits the application of the particular mobility scheme to URLLC/IIoT scenarios. 

	Qualcomm
	
	Agree that UL PDCP duplication can be considered separately from simultaneous transmission capability. However, as we commented in the Phase 1 above, the benefit of UL duplication during HO is not clear and in fact could be worse than always transmitting to the same base station. We shouldn’t confuse the scenario here with NR or EN-DC which is expected to be deployed with low-band MN and mid/high-band SN while the more important scenario here is intra-band HO. Using all of the UE tx power on the better link would provide better performance. In general, we should aim at switching the PUSCH from source to target and minimize or eliminate dual PUSCH transmission. Note that this does not mean that we are not targeting 0ms on UL, the switching could be instantaneous. This type of behavior was also captured in our contribution R2-1903645.


	Vivo
	We consider that the DL PDCP duplication can be left to the network implementation, but RAN3 can discuss if some enhancements/changes are needed. 
	We consider that the UL PDCP duplication is optional/configurable for the handover solutions, as it is only to improve the data transmission robustness in case that the UE is at the cell edge.

	OPPO
	For ROHC, DC HO uses single ROHC while eMBB HO uses separate ROHC.

DL PDCP duplication can be configured by network. In DC HO, DL PDCP duplication uses single key for the two legs in source cell and target cell. In eMBB HO, PDCP duplication uses separate keys for the two legs.
	UL PDCP duplication can be supported and configured by the network. We should also target 0ms interruption time for UL for those Ues capable of simultaneous transmission.

	LG
	The source gNB and the target gNB have to send IR packets during handover.
	We have to define first what the “UL duplication” means. 

In our view, the “UL duplication” means that a same PDCP SDU (with different header compression and different security) is transmitted to both source and target gNBs, which is different from legacy PDCP duplication where a PDCP PDU is duplicated. The “PDCP SDU duplication” is not supported in current specification, and it would have huge impact if we introduce this scheme.

	Ericsson
	PDCP duplication in DL is not using the PDCP duplication framework, the NW can simply send the same packets in DL by implementation. But in our understanding, to do duplication does not improve latency.
	-

	CATT
	
	For Non-DC based solution, UL PDCP duplication is configurable, and, UL PDCP duplication can improve the reliability of data transmission during the short handover period. In addition, it can further reduce the end-to-end uplink interruption delay.

	Samsung
	If the UE is configured with CA then PDCP duplication framework can be used in source before the detachment from source and can be used in target after switching to the target. Data forwarding is one kind of duplication.
	

	Vodafone
	PDCP Duplication in the DL direction should be a standardized feature and should not be left to network implementation as multi-vendor interoperability would be a big issue. Does the duplication of PDCP in the DL direction improved the Handover latencies and if so can it be quantified?  

ROHC should also be an available feature. Furthermore, the benefits of the ROHC in the handover enhancements should be quantified
	We also support UL PDCP packet duplication, provided is will enhance the handover latencies. Can the handover enhancements be quantified for comparison purposes?   

	ZTE
	
	Yes, UL PDCP duplication can be considered separately from simultaneous transmission capability. However, the most important deployment scenario to consider is the intra-band (even intra-frequency) HO. Then, according to the reply LS from RAN1&RAN4, if we want to support UL PDPC duplication, TDM scheme is needed. 

In addition, we share the same view with Qualcomm that no matter which solution will be chosen (DC based solution or non-DC based solution), PUSCH should be switched from the source to the target to avoid dual PUSCH transmission. 

	Intel 
	Agree with Ericsson, duplication is not used for reduction of interruption time. 
	Same view as Qualcomm. To support dual UL may lead more failure due to power limitation at the edge of coverage. 

	Mediatek
	PDCP duplication in DL can be left to network implementation. Agree with Intel and Ericsson that it will not help to reduce the interruption time esp. targeting the UE experience at IP/application layer. 
	Agree that UL PDCP duplication can be considered separately from simultaneous transmission capability. The gains for interruption reduction and the complexity at both the UE and network side to support UL duplication should be evaluated first.

	Apple
	Same view as OPPO. 

ROHC and Security handling could be separate for non-DC based solution, but common for DC based solution.
	For single Tx capable UE, we can consider the UL duplication to be performed in TDM pattern. E.g. for the same packet, UE transmits it in soure cell in T1, and transmits it in target cell in T2.


3.1.2 Control plane procedure
A couple of companies don’t think that there is “anchor change” in MBB. We consider it a semantic issue. By “anchor change”, the rapporteur means that the UE activates the use of the context and security key of the target cell for UL transmission. The intention is to discuss the over-the-air operation, which is the focus to achieve the 0ms latency time, not on a particular terminology. The rapporteur would be happy to point out that the terminology of “anchor change” is used here only to accommodate the discussion, which could not be taken as agreeing the particular term for later specification work. 
	Company
	Commonality in Schemes

3 over-the-air steps UE takes in HO:

 1) receive reconfiguration message with target cell info (including key info); 

 2) access target cell with target cell key; 

 3) release source cell.
	Difference in Schemes
1) Source cell release is done by explicit RRC message (Huawei/QC/DoCoMo, ZTE for DC HO)

2) UE releases the source cell implicitly for eMBB HO (Ericsson/ZTE)

	Huawei, HiSilicon
	As UE needs to go through the same steps and perform the same tasks, there is no definitive source to cause difference in control plane latency.  
	We have been following a general principle of avoiding RRC reconfiguration based on timers, as it’d make it hard to sync-up context between UE and network. 
And it’d be difficult to set proper timer value for implicit release, whether it is based on the reception of reconfiguration message or the successful connection to the target cell – a conservative timer would not help reduce the latency and an aggressive timer would lose the connection with the source cell prematurely.

	Qualcomm
	This is assuming that SN addition and role switch can be done together which is currently not supported. The suggested unified procedure makes DC-based HO very similar to eMBB and the main difference becomes common vs separate PDCP ciphering.
	For also eMBB, an explicit release can minimize the data interruption. Agree with HW that using a timer is not a practical solution. The release timing can be left to UE implementation but can create out-of-sync between UE and NW. There is little overhead for this signaling so we don’t see the downside. 

	vivo
	The steps in general is ok. However regarding how to release the source cell, different companies may have different solutions/options.
	Both implicit release and explicit release could work. Regarding the implicit release, we consider that during the handover the UE may not be able to use its full capability due the simultaneous reception/transmission on the target and the source. Then when the UE implicitly releases its source cell, the UE should be able to be reconfigured to use its full capability. One option is to also include the reconfiguration message of the implicit release in the handover command.

	OPPO
	In general, we are ok with this commonality analysis. 
	For eMBB HO, we think both implicit and explicit release can be used for UE to release the source cell.

For DC HO, source cell is better to be explicitly released by RRC message, e.g. via SN release procedure.

	LG
	OK but we wonder if this common procedure can be applied only when SN addition had previously performed before handover. 

As QC said, if SN addition should be performed first for DC-based HO, the SN addition procedure also need to be discussed as the ‘difference in schemes’.
	Signaling point of view, the both explicit and implicit release can be used or together, RAN2 may consider certain condition to release the source cell. Because if the source cell quality is still good to perform data transmission, it may more efficient that the UE and the network performs DL data transmission for residual data on the source cell instead of forwarding to the target cell after HO complete.
In addition, SN addition for target cell is also main difference among the candidate solutions.

	Ericsson
	Short answer: the third step is only needed with the DC-approach.

Long answer: In the MBB-case there is no explicit release of the source cell. We only need one HO-command from source to UE, and a RA by the UE towards the target.

If the DC-based approach is using DC “out of the box”, we need a first message adding the SCG for the UE, a RA by the UE towards the target, another message switching the roles of the MCG and SCG, and another message releasing the source (i.e. now the SCG). But we understand from HW that they foresee that the SCG-addition can be merged with the role-change message.
	-

	CATT
	We agree with point highlighted by Qualcomm and LG. The signaling flow described for DC only applies in case either the SN has been added in advanced or SN addition and role switch happen at the same time. 
	Explicit signaling indicator will enable the network to better control UE, but for timer-based release, would lead to out-of-sync issues between the UE and the network.

	Samsung
	Release source cell is not needed for eMBB
	

	Vodafone 
	Clarification is required if the last steps 3 is required for a conventional (non-dual connected) scenarios. 
	We would prefer explicit signaling, to avoid network / procedural conflicts.  

	ZTE
	If SN addition and role switch is combined in a single step, then the general procedure looks like quite the same for the DC based and non-DC based solutions. However, in our opinion, one outstanding benefit for the DC based solution is that besides the interruption reduction, it can also improve the handover robustness. Such benefit comes from the separate SN addition and role switch, i.e. earlier SN addition and later role switch, making use of the split SRB. Given that, we don't think we need to artificially align the CP procedures between DC based and non-DC based solutions. Instead, the comparison should be given based on a more general DC based procedure, i.e. with the separate SN addition and role switch. 
	For the DC based solution, yes, the source cell should be released by explicit RRC message. In this way, the existing SN release procedure can be totally reused. 

However, for the non-DC based solution, both implicit release and explicit release could work. The details can be discussed after we have decided the way forward, e.g. DC based or non-DC based solution.

	Intel
	If SN addition and role switch is combined in one step, then from the total number of steps perspective, yes non-DC and DC are same except step 3 may be different. 
But if we look at the content details, it will be huge different. 
	

	Mediatek
	It seems that in this question it is assumed that SN addition and role switch is combined in one RRC message. However, it is not crystal clear how UE apply the configuration which combine SN addition and role change. For UE aspect, it’s very likely that UE configures SCG first, and then performs role change. There are still separate steps at UE side. 
	Agree with ZTE that both explicit and implicit release for non-DC based solution can work. The key point is not through what kind of signal to release the source cell. The key point is when to and based on what criteria to release the source cell. 

	Apple
	We are fine with the analysis. 
	For explicit release, there should be some limitation on the NW implementation in order to avoid NW keeps UE connected to both source and target cell for a long time. 

For implicit release, we think it may be up to UE implementation or based on some condition, e.g. receiving RLC A/N.


3.2 Analysis of specification impact and complexity
Among the proposed schemes, there doesn’t seem to be major difference at MAC and RLC layers, and the main differences reside at PDCP layer. Hence, the following discussion focuses on the impact and complexity on PDCP protocol.
Table 3.2-1, Additional impact on PDCP protocol for DL data transfer
	Company
	DC HO DL (HW/QC/DOCOMO/ZTE)
	eMBB HO DL with Single ROHC (ZTE)
	eMBB HO DL with Dual ROHC (Ericsson/QC)

	Huawei, HiSilicon
	1) To link the context of a PDCP PDU with LCH ID, which is different for the source and target cells.
	1) To link PDCP PDUs from the source and target cells with different indications visible to PDCP entity, e.g., LCH ID or a flag bit in PDCP header field, for different security context.

2) when anchor changes for ROHC from the source cell to the target cell, additional indication needs to be provided for different ROHC context.
	1) To link the context of a PDCP PDU with LCH ID, which is different for the source and target cells (please note PDCP entity doesn’t see the source or target cells).

2) before ROHC decompression, to disable the current common reordering and duplicate discarding function, instead, to enable separate reordering and duplicate discarding functions for PDCP PDUs with the source and target cells’ contexts, respectively (please note PDCP PDUs with the same SN may have different ROHC context and can’t be replaced with each other).

3) to perform separate ROHC decompression on the PDCP PDUs received from the source and target cells, respectively.

4) after ROHC decompression, to enable a common reordering and duplicate discarding function to merge PDCP PDUs from both the source and target cells for delivery to upper layer.
Annex A shows the additional reordering and duplicate discarding operations required at the PDCP entity of a receiving UE. 

	Qualcomm
	 
	
	Separate reordering and duplicate detection are not needed and single one is sufficient as for eMBB in general. The PDCP entity knows which link the PDU was transmitted. Similarly, there is no step 4.
 The decompression is done based on either source or target context, i.e. which LCH the PDU was transmitted. The only issue could be when there is duplication and discard in which case one decompressor can miss a packet if its PDU is discarded.

	vivo
	
	If only one ROHC entity is used, we need to define when the UE releases the source ROHC context and establishes the target ROHC context.
	Regarding the single active UL protocol solution, it seems that the ROHC feedback message of the PDCP is transmitted via the deactivated uplink if the downlink is always activated.

	OPPO
	
	
	Separate reordering is needed before separate ROHC decompression. After separate decompression, common reordering and duplication detection needs to be done for in-sequence delivery of PDCP SDUs to higher layer.

	LG
	We don’t understand how it could be a solution. In this scheme, the source PDCP is associated with the source RLC and the target RLC, and performs PDCP duplication. However, at some point of time, the source PDCP has to be changed to the target PDCP, and it would cause interruption.
	A simple solution is that the source gNB and target gNB transmits only IR packets during handover. Then, the UE can use only one ROHC decompressor.
	A simple solution is that the source gNB and target gNB transmits only IR packets during handover. Then, the UE can use only one ROHC decompressor.

	Ericsson
	-
	-
	-

	CATT
	
	
	We don’t see the need for separate reordering and duplicate detection in DL. Single reordering and duplication detection is sufficient in our view.


	ZTE
	Handling of single security, single ROHC in the PDCP entity at a time.
	Actually our answer for Phase I was mainly from the UL perspective. To be more accurate, our opinion on ROHC for eMBB HO is as follows:

· For UL: Single ROHC (the reason why we prefer Single ROHC has been provided in Phase I);
· For DL: Whether to adopt Single ROHC or Dual ROHC depends on the final solution we select. For Option0/1 (R2-1904255), Single ROHC is sufficient. While for other Options, Dual ROHC is needed.
	Our opinion on ROHC for eMBB HO is as follows:

· For UL: Single ROHC (the reason why we prefer Single ROHC has been provided in Phase I);
· For DL: Whether to adopt Single ROHC or Dual ROHC depends on the final solution we select. For Option0/1 (R2-1904255), Single ROHC is sufficient. While for other Options, Dual ROHC is needed.

	Apple
	During the handover procedure, it is possible for UE to receive the PDCP PDUs ciphered by different keys, then PDCP should be enhanced to identify the different keys.
 
	
	We have the same understanding as QC, and step 4 is not needed.
 


Table 3.2-2, Additional impact on PDCP for UL data transfer with duplication
	Company
	DC HO UL (HW/QC/DOCOMO/ZTE)
	eMBB HO UL with Packet Duplication (QC)

	Huawei, HiSilicon
	1) To link the context of a PDCP PDU with LCH ID, which is different for the source and target cells.
	1) PDCP needs to perform header compression on a PDCP SDU twice, one for the source cell and one for the target cell;
2) PDCP needs to perform security operation (integrity protection and ciphering) on a PDCP SDU twice, one for the source cell and one for the target cell;

Annex B shows the additional ROHC compression and security operation (integrity protection and ciphering) required at the PDCP entity of a transmitting UE.

3) both the source and target cells need to perform deciphering, integrity verification, and reordering and duplicate discarding;

4) After ROHC decompression, another reordering and duplicate discarding operation is needed at the UP anchor node to merge packets received at the source and target cells before delivery to the upper layer. 

	Qualcomm
	 
	As mentioned above, UL duplication has limited benefits in most cases. The feasibility does not imply benefits. It can be disabled by NW, for example at least when ROHC is configured. Also don’t understand step 4 here why there is an anchor node with eMBB.
 Please do not consider QC as an advocate of UL duplication; we only pointed out that it was feasible.

	vivo
	
	Not sure this cause much extra complexity at the UE, as the UE anyway has two separate ROHC and two separate keys if we allow two simultaneous uplink data transmission. 

	OPPO
	
	We have the same view as vivo. Two separate ROHC and two separate keys are anyway there for eMBB HO. UE simply uses two security keys for UL packet duplication. 

	LG
	In our view, the “UL duplication” means that a same PDCP SDU (with different header compression and different security) is transmitted to both source and target gNBs, which is different from legacy PDCP duplication where a PDCP PDU is duplicated. 
The “PDCP SDU duplication” is not supported in current specification, and it would have huge impact if we introduce this scheme.


	To support “UL duplication”, two separate PDCP entities should be configured in UE, one for source gNB and the other for target gNB.

However, for DL, only a single PDCP entity is used to perform reordering.

Then, associating one DL PDCP and two UL PDCP is quite odd configuration.

Thus, we want to avoid “UL PDCP SDU duplication” scheme.

	Ericsson
	-
	-

	CATT
	
	In any case, DL PDCP already supports two separate ROHC and security keys, for UL PDCP, just taking the opposite action does not add additional functionality, so we don't think it will introduce more complexity to the UE. As said before, UL duplication can be configurable by the network, hence the network has the flexibility to not configure UL duplication in certain scenarios.

	ZTE
	
	Same view as Qualcomm. There’s no clear benefit to support UL duplication.

	Intel
	From reordering, separate ROHC and security perspective, do not see the different between DC and non DC during the role change. 
	

	Mediatek
	
	For protocol aspect, there is no much complexity at the UE side to support UL duplication. However, the main concern is at the network side that two levels of reordering may be needed, one performed before header decompression and the other one is common to guarantee the in-sequence delivery to the CN. 

	Apple
	
	If support UL duplication, dual ROHC and ciphering is required. 


4 Summary of the Discussions
To accomplish the goals of this email discussion:

· To “Identify commonality and differences of the HO interruption time solutions based on DC and non-DC” and
· “to capture some analysis of the difference solutions”,
a summary is provided below on the functions supported in DC HO solutions and MBB HO solutions, and their respective impact on the specifications.  

The email discussion was set-up in a way that only a sub-set of DC HO solutions, which perform the target cell addition and role change together, are considered. Though the rapporteur acknowledges that it is unfair to the proponents of [2-4], it was considered beneficial for the sake of this email discussion, as MBB HO solutions don’t support the separation of key activation of the target cell from the establishing connection link to the target cell.

Furthermore, based on the agreement of “The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells”, only solutions supporting simultaneous receptions from the source and target cells are captured and compared in the summary. 
4.1  User Plane Functions

In phase 1, companies were asked to identify the functionality supported in HO interruption reduction solutions, with the following outcome:

· All companies responded that ROHC is supported;

· all companies responded that PDCP duplication is supported on the DL;
· the support of PDCP duplication on the UL should be further discussed with the considerations of, e.g., UE transmission capability, the resulting benefit and complexity in the system.
Through the discussion, no major difference at MAC and RLC layers have been identified, and the main differences reside at PDCP layer. 

Table 4.1-1, Supported Functions and Required Specification Work for DL Data Transfer
	HO Solutions
	DC HO DL
	MBB HO DL

	
	
	With normal ROHC operation
	With special ROHC operation, in which only IR packets are generated by compressor

	Supported Functionality
	1) Normal ROHC compression is supported;
2) PDCP duplication is supported on PDCP PDU
	1) Normal ROHC compression is supported;
2) PDCP duplication is supported on PDCP SDU
	1) Only IR packets are generated by ROHC compressor;
2) PDCP duplication is supported on PDCP SDU

	Required Specification Work
	1) To link the context of a PDCP PDU with LCH ID, which is different for the source and target cells.

Note: There are several ways to indicate the change in the context of PDCP PDU, and indication by LCH ID is used here just for direct comparison with MBB HO on specs impact
	1) To link the context of a PDCP PDU with LCH ID, which is different for the source and target cells, as PDCP entity doesn’t see the source or target cells.
2) before ROHC decompression, to disable the existing common reordering and duplicate discarding function, instead, to enable separate reordering and duplicate discarding functions for PDCP PDUs with the source and target cells’ contexts, respectively.

3) the reordering and duplicate discarding operation for the target cell needs to know at which SN the transmission on the target cell starts 

4) to perform separate ROHC decompression respectively on the PDCP PDUs received from the source and target cells.

5) after ROHC decompression, to enable a common reordering and duplicate discarding function to merge PDCP PDUs from both the source and target cells for in-sequence delivery to upper layer.
	1) to specify in ROHC specs and RRC/PDCP specs that only IR packets can be generated during MBB HO for PDCP SDU; 
2) Given that “The IR and IR-DYN packets always update the context for all context-updating fields carried in the header.  They never clear the context, except when initializing a new context”, to specify mechanisms to synchronize contexts of compressors at the source and target cells.


Table 4.1-2, Supported Functions and Required Specification Work for UL Data Transfer
	HO Solutions
	DC HO UL
	MBB HO UL

	
	
	With dual connections (not necessarily simultaneous TX) to both the source and target cells
	Only single connection to the target cell after the target cell context is activated (i.e., PUSCH is switched from the source to the target to avoid dual PUSCH transmission)

	Supported Functionality


	1) ROHC compression is supported;

2) PDCP duplication is supported on PDCP PDU
	1) ROHC compression is supported;

2) PDCP duplication is supported on PDCP SDU
	1) ROHC compression is supported on the UL; however, ROHC feedback message can’t be sent for the source cell’s DL ROHC operation.
2) PDCP duplication is not supported.

	Required Specification Work
	1) to indicate the change in the context of PDCP PDU
	1) to indicate the change in the context of PDCP PDU 
2) PDCP needs to perform header compression on a PDCP SDU twice, one for the source cell and one for the target cell;

3) PDCP needs to perform security operation (integrity protection and ciphering) on a PDCP SDU twice, one for the source cell and one for the target cell;

3) both the source and target cells need to perform deciphering, integrity verification, and reordering and duplicate discarding;

4) After ROHC decompression, another reordering and duplicate discarding operation is needed at the UP anchor node to merge packets received at the source and target cells before delivery to the upper layer. 
	1) to indicate the change in the context of PDCP PDU


4.2 Control Plane Procedure
Table 4.2-1, Over-the-Air Steps in HO Procedure
	 3 common over-the-air steps UE takes in HO
	DC HO
	MBB HO

	1) receive reconfiguration message with target cell info
	a) target cell security info;

b) MAC/RLC/PDCP configurations for the target cell;

	2) establish connection with the target cell
	a) at least this can be done through RACH procedure to the target cell; 

b) whether RACH-less operation is supported or not is a separate issue; 

	3) release configuration of the source cell
	a) release MAC/RLC/PDCP configurations of the source cell for the simultaneous connection (at least for the DL) to the source cell after the connection to the target cell is established;

	
	b) done explicitly by a RRC message
	b) can be done either explicitly by a RRC message or implicitly by a timer

	
	Note: We have been following a general principle of avoiding RRC reconfiguration based on timers, as it’d make it hard to sync-up context between UE and network, and to really achieve the reduction in reconfiguration time.


References 

[1] RAN2-105bis-Xian-chair-notes-2019-04-12-1615-eom.

[2] R2-1904245, Discussion on the support of DC based mobility solutions in NR,
ZTE Corporation, Sanechips.

[3] R2-1903563, Procedure analysis of DC-based handover, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell.

[4] R2-1904292, Split bearer solution for reducing the service interruption time during HO in NR
Nokia, Nokia Shanghai Bell.

Annex A: Example of eMBB PDCP operation at a receiving UE
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Figure Annex A-1, eMBB HO DL with Dual ROHC (Ericsson/QC)
Annex B: Example of eMBB PDCP operation at a transmitting UE
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Figure Annex B-1, eMBB HO UL with Duplication (QC)
If the figure below also illustrates the DC based handover then the SN addition needs to be added. Or are you assuming that the SN addition and role change procedure are merged into a single procedure? If that’s the case, then it would be good to explain that in the text.





�Yes, when HO is triggered by network, DC HO can perform target cell addition and role change together. 


We I think step 10 is not necessary in neither MBB nor DC based so it should be removed. Step 11 could also be removed.


For MBB step 13 may not be necessary. It is possible that that we use some other trigger for releasing the source cell than an explicit RRC reconfiguration message.








�Yes, steps 10 and 11 are not really relevant to this discussion. We’ll take implicit release on step 13 into account in the Phase 2.


�A PDU of SN=n and with the source cell context is not exchangeable/replaceable with a PDU of the same SN=n but with the target cell context. PDUs of consecutive SN but with contexts not of the same cell can’t be delivered for ROHC decompression. The reception/missing of a PDU of the source cell context would have no impact on the reordering and duplicate discarding operation on the PDUs of the target cell context; vice versa, the reception/missing of a PDU of the target cell context would not affect the reordering and duplicate discarding operation on the PDUs of the source cell context for ROHC decompression with the source context. This would fall into a typical meaning of separate/independent operation. The discussion is about how a logical operation works, not about if PDUs of different contexts can be stored and handled in a shared memory buffer in an implementation.  


�A PDU of SN=n and with the source cell context is not exchangeable/replaceable with a PDU of the same SN=n but with the target cell context. PDUs of consecutive SN but with contexts not of the same cell can’t be delivered for ROHC decompression. The reception/missing of a PDU of the source cell context would have no impact on the reordering and duplicate discarding operation on the PDUs of the target cell context; vice versa, the reception/missing of a PDU of the target cell context would not affect the reordering and duplicate discarding operation on the PDUs of the source cell context for ROHC decompression with the source context. This would fall into a typical meaning of separate/independent operation. The discussion is about how a logical operation works, not about if PDUs of different contexts can be stored and handled in a shared memory buffer in an implementation.   


�Please see the above ZTE’s input. Unlike MBB approach, in DC based solutions, PDUs of any SN can only have one context, either of the source cell or of the target cell. 


�Please see my comments to Qualcomm’s input in the above.


�UP anchor node is the node which has the connection with UPF, i.e., the source cell before path switch, and the target cell after path switch.


�In DC HO solutions, PDCP duplication is done on PDCP PDUs.
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