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1. Introduction 
During RAN2#104, following agreement was made.

Agreements

1
We aim to consider some form of multiple connectivity during study phase depending on RAN4 reply on applicability to different scenarios.

During RAN2#105, following agreements were made.

Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

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

Agreements

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

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized, and UE capabilities are exceeded (we may leave this up to UE implementation).
In this document, we will discuss about how to enable UE to have simultaneous connectivity to both source and target eNB during DAPS based enhanced MBB HO execution by using UL TDM mechanism. 
2. Discussion 

2.1 Motivation for UL TDM pattern during HO: 
During RAN2#105, RAN2 received reply LS from both RAN1 [2] and RAN4 [3]. As per RAN4 LS reply, it is possible to support simultaneous transmission and reception in most of the deployment scenarios expect for the following scenarios. 

· No Simultaneous transmission for intra-frequency asynchronous deployment

· No Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment.
In order to meet close to 0ms HO interruption time, it is desirable to have minimum interruption at RF level, Layer 1, Layer 2 and Layer 3 of protocol stack architecture. Dual Active Protocol Stack (DAPS) based enhanced MBB HO supported UEs will help to minimize interruption at L1, L2 and L3 level. From UE RF chain perspective, following 2 configurations can be considered.

· Dual Rx/ Dual Tx RF chains

· Dual Rx/Single Tx RF chains

Observation 1. Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.
For single Tx RF chain UEs, for all kind of intra freq, inter freq, sync and async deployment scenarios, it is not possible to support simultaneous UL transmission. Even if UEs are capable of supporting dual Tx RF chains, based on RAN4 LS reply, it is not possible to support simultaneous UL transmission to source and target cells in case of Intra Freq Async and Inter Freq-Intra Band Async deployment scenarios. For Dual Tx RF chain UEs, in certain band combinations, if UE UL transmits simultaneously on 2 different frequencies (F1, F2) then it causes DL de-sensitization of receiver (due to UL intermodulation products fall within DL receive band of operation) and in certain HO deployment cases , due to UE operating at close to max. Tx power at HO boundary region, it may not be possible to transmit or share UE UL power between source and target eNB . Now the question is, how to enable UEs to allow simultaneous UL connectivity during HO execution period to minimize interruption time. We think this issue can be resolved by configuring UL TDM pattern for UEs such that in any given UL sub frame, UE is allowed to transmit to either source or target eNB.
Observation 2. Single Tx RF chain UEs will not able to support simultaneous UL transmission to both source and target eNBs during DAPS based HO execution.
Observation 3. Simultaneous UL transmission is not possible for the case of intra freq async, inter freq-intra band async deployments even if UEs are equipped with Dual UL Tx RF chains. 
Proposal 1. RAN2 agree to adopt UL TDM pattern for DAPS based enhanced MBB HO to enable co-ordinated UL UE’s transmission to both source and target eNBs.

Proposal 2. Introduce UE capabilities for UL TDM requirement for various use cases.

2.2 How to configure UL TDM for UE:  

UL TDM pattern for UE can be configured by source eNB in different ways.
Option A: Source eNB can configure UL TDM pattern to UE in RRC Connection Reconfiguration Message with Mobility Control Info. When source eNB wanted to trigger HO to UE, based on UE capability and handover scenarios (intra freq async, inter freq-intra band async, Tx chain capability etc), source eNB decides whether UL TDM pattern is needed for UE during DAPS based HO execution. During HO preparation phase, source and target eNBs will exchange HARQ pattern and Radio Resource reservation information to enable UL TDM operation for UE. Upon co-ordination between 2 nodes, Source eNB will send UL TDM configuration to HO UE in HO command. If UL TDM pattern is configured in RRC HO command and depending on UL TDM pattern design, there may be need to specify  clear timeline requirement for both UE and Source eNB about when exactly UE’s UL TDM pattern will take effect to avoid any UL TDM pattern mis-alignment between source eNB and UE. This method needs cross-layer co-ordination to clearly define timeline (if required based on UL TDM design, which may involve change of HARQ timeline) when to activate UL TDM pattern and which is not a big issue to solve for both UE and network side.

Option B: Another possible solution is for source eNB to configure what is UL TDM pattern to be used for a UE even before HO preparation phase starts by using dedicated RRC signalling messages. However, this pre-configured UL TDM pattern is determined by source eNB without having any negotiation with potential target eNB for HO. This means what ever UL sub frames are reserved for source eNB during HO execution phase , which has to be communicated to target eNB during HO preparation phase and the remaining UL sub frames have to be used by Target eNB by liming its DL and UL scheduling sub frames such that there is no UL sub frame collision for UE during HO execution phase. 
After HO preparation period, source eNB can send MAC-CE to activate UL TDM pattern for UE. One drawback of this solution is if both HO command and MAC-CE to activate UL TDM pattern are sent at the time of HO begins, both have to be sent in same MAC Transport Block so that UE will use MAC-CE for UL TDM activation only when it successfully receives and processes HO command. If they are sent at different times in different MAC TBs, there may be some issues due to UE unable to receive either of HO command or MAC-CE. If MAC-CE is received too later after multiple Re-transmissions, then UE can not apply UL TDM pattern soon after successfully processing earlier received HO command and this can delay HO execution or UE may not be able to activate UL TDM in timely manner causing increased HO interruption time. If MAC-CE is received and UE fails to receive HO command then it is not clear what is expected UE behaviour for earlier received MAC-CE.
Based on above discussion, we have preference for Option A based solution. However, it is better to discuss in RAN2 and select one solution . Hence, we propose

Proposal 3. RAN2 to discuss and select one of the following options to configure UL TDM pattern configuration to UE                   
· Option A: In HO command message sent from source eNB to UE and FFS about need to specify timeline for TDM activation based on UL TDM pattern decision
· Option B: Preconfigure UL TDM pattern to UE using RRC dedicated signalling messages and activate UL TDM pattern using MAC-CE at the time of HO.
2.3 When to release UL TDM pattern for HO UEs:    

After successful HO completion to target cell, still RAN2 has not agreed how to release source cell by using explicit RRC release message sent from target eNB to UE. When source cell is released, UL TDM pattern has to be released at both UE and NW side.
Stop TDM Pattern at UE : When UE gets explicit RRC Message to release Source Cell from Target eNB OR when UE successfully completes HO to Target eNB and release Source eNB stack connection .
Stop TDM pattern at NW : At NW side release TDM pattern when Target eNB sends UE Context Release Message to Source eNB  or  when UE indicates HO Failure to Source eNB . 
If only source eNB UL TDM pattern is configured during HO (as mentioned in option 1 in table mentioned above) and when UL TDM pattern is released , then target cell HARQ pattern timeline has no impact and any target eNB DL/UL scheduling restrictions will be released in subframe where UL TDM pattern is released.
Proposal 4. UE releases UL TDM pattern when target eNB indicates release of source cell stack and target eNB scheduling restrictions for UE will be released.                   

2.4 UL TDM patterns and operation:  

In appendix of this paper, as reference we have provided various UL TDM patterns for both LTE FDD and TDD HO scenarios. RAN2 can send an LS to RAN1, CC: RAN4 to get their feedback about what is UL TDM pattern to be used for DAPS HO.
Proposal 5. RAN2 agrees to send an LS to RAN1 and CC: RAN4 about what is UL TDM pattern to be used for DAPS LTE HO.                   

2.5 UL TDM for Async HO:    

In aync deployment scenarios, it is possible that neighbour eNBs are not synchronized and causing a part of DL sub frame of one eNB overlapping with a part of UL sub frame of neighbouring eNB and between UL and DL sub frames of neighbouring cells. Based on UE RF chain implementation also, there may be some time delay for switching UL from one cell to another (variable based on whether it is intra freq, inter freq, intra band vs inter band UL switching scenario). In certain deployment scenarios due to difference in timing advance commands between neighbouring cells, there will be some overlap between neighbouring cells DL/UL sub frames. In such scenario if UL TDM is configured for UE during HO execution, the question is how avoid collision between UL sub frames for neighbouring eNBs UL sub frames and how NW configures UL TDM pattern to avoid any collision. Network can take assistance from UE to determine amount of timing difference observed by UE and configure UL TDM pattern such that collision can be avoided or minimized.
· Source eNB may configure UE to perform timing difference measurements between source and target eNB

· UE can measure timing difference and report it as part of UE measurement report.

· This timing info can be used by NW to determine which UL sub frames to be used for source and target eNB to avoid collision between source eNB DL/UL and target eNB UL/DL sub frames. 

· Source and Target Cell can exchange Async time difference to determine TDM pattern such that there are no collisions.

Proposal 6. Based on network configuration request, if UE is capable of measuring DL timing delta between source and target eNBs then UE will measure and send timing delta information as part of UE measurement reporting. Network uses this timing delta information to determine UL TDM pattern to avoid collisions.                    

3. Conclusion 
In this contribution, we are proposing various proposals for how to enable UL TDM pattern for UEs during DAPS based enhanced MBB HO. 
Observation 4. Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.

Observation 5. Single Tx RF chain UEs will not able to support simultaneous UL transmission to both source and target eNBs during DAPS based HO execution.

Observation 6. Simultaneous UL transmission is not possible for the case of intra freq async, inter freq-intra band async deployments even if UEs are equipped with Dual UL Tx RF chains. 

Proposal 1.
RAN2 agree to adopt UL TDM pattern for DAPS based enhanced MBB HO to enable co-ordinated UL UE’s transmission to both source and target eNBs.
Proposal 2.
Introduce UE capabilities for UL TDM requirement for various use cases.
Proposal 3.
RAN2 to discuss and select one of the following options to configure UL TDM pattern configuration to UE

Option A: In HO command message sent from source eNB to UE and FFS about need to specify timeline for TDM activation based on UL TDM pattern decision

Option B: Preconfigure UL TDM pattern to UE using RRC dedicated signalling messages and activate UL TDM pattern using MAC-CE at the time of HO.
Proposal 4.
UE releases UL TDM pattern when target eNB indicates release of source cell stack and target eNB scheduling restrictions for UE will be released.
Proposal 5.
RAN2 agrees to send an LS to RAN1 and CC: RAN4 about what is UL TDM pattern to be used for DAPS LTE HO.
Proposal 6.
Based on network configuration request, if UE is capable of measuring DL timing delta between source and target eNBs then UE will measure and send timing delta information as part of UE measurement reporting. Network uses this timing delta information to determine UL TDM pattern to avoid collisions.
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Appendix
UL TDM patterns and operation:  

In this section, we provided some alternatives for UL TDM patterns.
For FDD LTE Handover from source to target eNB:
	UL TDM Pattern Method
	FDD Source eNB
	FDD Target eNB
	Additional details

	1)   UL TDM pattern specified w.r.t source eNB only using TDD config pattern (change of DL HARQ timeline for source eNB only) . This is shown in Fig 1 below.


	UL TDM pattern is defined based on EN-DC MN node TDM pattern (DL HARQ time follows FDD SCell DL HARQ timeline of TDD PCell – FDD SCell CA, Ref Table: Table 10.1.3A-1 from TS 36.213)
	UL sub frames not reserved for source eNB can be used by Target eNB.

Target eNB schedular has to limit DL and UL scheduling such that there is no UL transmissions from UE in source cell reserved UL SFs.
	· Specific timeline has to be defined when to activate UL TDM pattern between UE and Source eNB. 

· When TDM is activated, DL HARQ timeline changes for source eNB and UE behaviour has to be specified at the boundary of change of HARQ timeline. 

· For Target eNB, all DL SFs can not be used to avoid UE UL transmission of HARQ ACK/NACK and UL PUSCH and there will be some DL loss of scheduling opportunities as function of UL TDM pattern applied. 

	2)    UL TDM pattern specified for both source and target eNBs using TDD config patterns. (change of DL HARQ timeline for both source and target eNB )
	UL TDM pattern is defined based on EN-DC MN node TDM pattern (DL HARQ time follows FDD SCell DL HARQ timeline of TDD PCell – FDD SCell CA, Ref Table: Table 10.1.3A-1 from TS 36.213)
	UL TDM pattern has to be defined based on EN-DC MN node TDM pattern (DL HARQ time follows FDD SCell DL HARQ timeline of TDD PCell – FDD SCell CA, Ref Table: Table 10.1.3A-1 from TS 36.213). 

This enables all DL sub frames used for scheduling and UL TDM pattern has to be configured to avoid conflict with source eNB UL sub frames.
	· For source and target eNBs, UL TDM pattern has to be configured such that they do not collide. 

· This requires change of DL HARQ timeline for both source and target eNB when UL TDM pattern is actively in usage. 

· This method enables both source and target eNBs using all DL sub frames for scheduling PDSCH data and UL SFs are shared between 2 cells. 

· When UL TDM is released after successful HO completion (i.e when source cells is release), there will be change of DL HARQ timeline for target eNB and that needs to be handled.

	3)    UL TDM pattern has to be specified for both source and target eNBs using a bit pattern (No change of DL HARQ timeline for source and target eNB )
	Source eNB decides few UL sub frames (Ex: Even UL SFs).  

Source eNB schedular has to limit DL and UL scheduling such that there is no UL transmissions from UE in target cell reserved UL SFs.
	Target eNB decides few UL sub frames (Ex: Odd UL SFs) I co-ordination with source eNB to avoid conflict.  

Target eNB schedular has to limit DL and UL scheduling such that there is no UL transmissions from UE in source cell reserved UL SFs.
	· For source and target eNBs, UL TDM pattern has to be configured such that they do not collide. 

· This does not require any change of DL HARQ timeline for both source and target eNBs. 

· But both eNBs have to restrict DL and UL scheduling sub frames such that UE is not required to transmit UL PUSCH and HARQ in sub frames not intended for a given scheduling cell and it is NW responsibility to avoid any DL and UL scheduling. 

· This method involves no change of DL HARQ timeline for either source not target cell. After successful HO completion (i.e source cell is released), target cell scheduling restriction will be removed.


Figure 1 : UL TDM pattern specified w.r.t source eNB only using TDD config pattern (Option 1 in above table)
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Consider above 3 options, Option 1 and Option 3 are less complex than Option 2. Since Option 2 involves changes of DL HARQ timeline for both source and target eNBs  and there is requirement of configuring TDD config based HARQ timeline for both nodes such that UE UL sub frames are mutually exclusive (even though it not an impossible task). 

For TDD LTE Handover from source to target eNB:
In TDD LTE deployment, every intra frequency neighbor cell will be configured with same TDD UL-DL configuration (7 TDD configurations available)

· To avoid DL to UL and UL to DL sub frame interface between neighboring cells

During Intra Freq HO from source to target eNB, both source and target cells on same frequency will have same UL subframes.

· Source cell configured UL sub frames (based on configured TDD configuration) need to be partitioned between both cells.

· Using dedicated RRC signaling message, HO UE will be configured with which UL sub frames can be used for source and target cells. i.e sharing of available UL sub frames between source and target eNB.

· Due to sharing of available UL sub frames between source and target eNB, in order to maintain DL HARQ timeline and UL PUSCH transmission , source and target eNBs have to co-ordinate such that DL PDSCH and UL PUSCH is not scheduled in certain DL sub frames due to unavailability of corresponding UL sub frames from UE to report HARQ ACK/NACK. 

· Alternatively source eNB can indicate UL sub frame restrictions during HO execution via SIBs or RRC dedicated signaling

During HO from source to target eNB (Inter Freq, Inter Band), it may be possible to have separate TDD configurations between source and target eNBs.

· Based on configured TDD configurations for source and target eNBs, there may be overlapping UL sub frames between source and target eNB UL sub frames.

· Using RRC dedicated signaling procedure, source eNB has to configure UE, which of the common overlapping UL sub frames to be used for source eNB and remaining ones for Target eNB UL transmission.

· Based on this UL sub frame restrictions, both source and target eNBs have to co-ordinate DL and UL scheduling restrictions for UEs during HO execution period.

· Alternatively source eNB can indicate UL sub frame restrictions during HO execution via SIB signaling
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