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1. Introduction
In this contribution, we summarize the offline discussion on NR mobility enhancement. For information purposes, we provide RAN2 agreements from RAN2 #107 and #106.

Agreements from RAN2 #107
	Agreements on HO interruption time reduction:
1	Introduce a solution for HO interruption time reduction based on dual active protocol stack.

Agreements on RACH-less HO
1	We will not work on RACHless HO any further in Rel16 (Can be revisited if CFRA is not agreed to be part of 2 Step RACH in Rel-16)

Agreements on conditional handover – beam specific aspects:
1	For the scenario of multiple CHO cells being triggered the cell selected by the UE considering beams and beam quality. We will not specify normative requirements for the selection process but can be captured in an informative note in stage 3 spec.
2	No additional optimizations are introduced to improve RACH performance for CHO completion with multi-beam operation.

Agreements on fast handover failure recovery:
1	Support T312 mechanism (similar to LTE). At least applicable for PCell
FFS Whether this is applicable for PSCell.

Agreements on conditional PSCell addition/change:
1: 	Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.
2	From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN






Agreements from RAN2 #106
	Agreements:
1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered.


Agreements:
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
3	There is a point in time where the UL PUSCH switches from source to target.



2. Summary of Offline Discussion 

2.1 Discussion on DC based HO & MBB based HO enhancements
Summary of observations from companies on DC based HO
	Company
	Observations & Proposals

	Huawei, HiSilicon
	Observation 1: Simultaneous connectivity based solutions require two simultaneously active serving cell configurations to be configured at the UE side.
Observation 2: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages from both source/target cells.
Observation 3: Without packet duplication or simultaneous UL PUSCH transmission, strict 0ms interruption time for UL cannot be achieved by DC/MBB-based HO.
Proposal 1: For DC/MBB-based HO, the UE monitors PDCCH candidates for search space sets belonging to the source and target cells in the same slot
· Search space sets are configured for DCI formats with CRC scrambled with identifiers such as SI-RNTI, RA-RNTI, TC-RNTI, P-RNTI, INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, C-RNTI, MCS-C-RNTI, SP-CSI-RNTI and CS-RNTI on the primary cell of the MCG or SCG.
Proposal 2: Support of NR-DC and DC/MBB-based HO are reported by separate UE capabilities.
Proposal 3: For DC/MBB-based HO, the UE calculates the BD/CCE limit for the source and target cells separately.
Proposal 4: For DC/MBB-based HO, support at least PUCCH transmissions to source and target cells carrying HARQ-ACK based on TDM patterns.
· For UEs capable of simultaneous transmission, PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.
Proposal 5: For uplink power control for DC/MBB-based handover, power sharing is assumed.	
Proposal 6: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC/MBB-based handover. 
Proposal 7-a: For FR2 UEs, support TDM-based reception of PDCCH/PDSCH from source and target gNBs for DC/MBB-based HO.
Proposal 7-b: For FR2 UEs, support TDM-based transmission of PUCCH/PUSCH to source and target gNBs for DC/MBB-based HO.
Proposal 8: The transmission/reception schemes designed in multi-TRP work are used as the basis of DC/MBB-based HO in intra-frequency case.
Proposal 9: Support indicating different granted UL resources and TA/PC values for different DL RS (SSB or CSI-RS) in target cell, assuming beam correspondence at UE side in FR2. 

	ZTE
	Observation 5: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
Observation 6:  Some of the restrictions defined for multi-TRP may not be appropriate to intra-frequency DC based handover.  Further discuss which restrictions can be reused in NR mobility enhancement.
Proposal 10: Multi-TRP based scheme for intra-frequency handover for FR2 as well as intra-frequency uplink can be considered if we have some time allows in this WI. 
Proposal 11: Some restrictions should be defined for supporting intra-frequency dual connectivity. TDM manner can be considered as a starting point and FDM manner and multi-TRP like operation are FFS. 
Proposal 12: The current DC design can be reused for DC based inter-frequency handover.  There should be no additional restrictions on the configurations for CORESET, BWP and PDCCH for source and target cell during inter-frequency handover.
Proposal 13: Additional restrictions are considered for DC based intra-frequency handover.  E.g. The CORESET and PDCCH should be configured with no overlapped resource for PDCCH between source cell and target cell during intra-frequency handover. 
Proposal 14: Multiple PUSCH to both source and target cell should be supported. 
Proposal 15: Power sharing is supported for simultaneous transmission to two cells. For the case that uplink power is limited in handover with dual connectivity, the power sharing framework can be extended to support TDM pattern for switching between uplink transmissions to different cells.  . 
Proposal 16: Multi-panel uplink transmission should be supported for handover in FR2. 


	MediaTek
	Observation 9: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.
Proposal 3: Classify the scenarios to perform simultaneous DL/UL into three different capability categories: 
· Category 1: feasible to support simultaneous Tx/Rx with the source and target cells during HO; 
· Category 2: feasible to support only simultaneous Rx with the source and target cells during HO; 
· Category 3: no support of simultaneous Tx/Rx with the source and target cell during HO.  
Proposal 4: DC-based HO is supported for the category 1 scenarios, e.g., inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 
Proposal 5: DC-based HO is supported for the category 2 scenarios, e.g. intra-frequency asynchronous or single UL transmission. TDM pattern for UL transmission is coordinated between the source and target cells. 
Proposal 6: DC-based HO doesn't need to be supported for the category 3 scenarios.  
Proposal 7: For UE capable of dynamic power-sharing for simultaneous UL, SCG (target cell) UL power is prioritized over MCG (source cell) for the case of DC-based handover. If UE transmissions of the source cell and target cell overlap in time and the transmitted power exceeds total power constraint, UE reduces transmission power of source cell until the total UE power constraint is met. If the reduced power amount of transmission for source cell exceeds a configured threshold, UE drops the transmission for source cell.
Proposal 8: For UE performing single uplink operation (SUO) during DC-based HO, if there is a UL collision for source cell and target cell due to network scheduling, UE drops the UL for source cell to prioritize the target cell UL transmission.
Observation 9: L1-RSRP reporting on SSB and CSI-RS for neighbor cell may have RAN4 impact since beam management measurement for neighbor cell has no requirement in current RAN4 spec.
Observation 10: Beam failure recovery on neighbor cell should be evaluated by RAN2 due to higher layer procedures and the interaction between source cell and target cell over Xn interface.
Observation 11: For beam failure recovery on neighbor cell, UE needs to obtain UL grant, power control, and timing advance of target cell like RACH-less handover.

	Nokia
	Observation: For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently.
Observation: For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth.
Observation: In FR1 intra-band intra-frequency case, it would not seem neccesary to align SCS-SpecificCarrier nor PointA location between the cells.
Observation: For simultaneoues transmission to two cells in case of intra-band intra-frequency, the DC locations need to be aligned.


	Samsung
	Proposal 4: For DC-based HO, PDCCH monitoring is configured semi-statically across source and target cells.
Proposal 5: For DC-based HO, the Rel-15 power prioritization rule can be starting point. 

	Qualcomm
	Proposal 1: Configuration on CORESET, search space and the maximum number of PDCCH blind decoding for simultaneous PDCCH reception from source and target cells follows the agreements in multi-TRP.
Proposal 2:  For FR1-FR1 intra-frequency asynchronous scenario and FR1-FR1 inter-frequency intra-band asynchronous scenario,
· Simultaneous Rx is possible for UEs with separate Rx chains.
· Simultaneous Tx is not possible for UEs with single Tx chain and is FFS for UEs with ULCA capability.
Proposal 3: Simultaneous Tx/Rx is UE capability for a source/target band combination.

	Ericsson
	Observation 3	Since RAN4 rules out simultaneous Rx/Tx in FR2, RAN1 should not spend any time discussing FR2-FR2 scenarios.
Observation 4	With the RAN4 definition of ‘synchronous’, most handovers, including intra-frequency handovers in TDD systems, would be asynchronous.
Observation 5	For intra-frequency FR1-FR1, the active BWP and SCS must be the same in source and target to ensure feasibility.
Observation 6	In the multi-TRP work, it is assumed that the PDSCHs arrive at the UE within the cyclic prefix, meaning that asynchronous intra-frequency FR1-FR1 has been ruled out.
Observation 7	Simultaneous reception of multiple PDCCHs has not been discussed in the multi-TRP agenda item.
Observation 8	There is no agreement that PUCCH resources corresponding to different TRPs can be FDM.
Observation 9	Reception of multiple UL signals transmitted from the same UE in the same time/frequency resource will be very challenging.
Observation 10	Separation in time or frequency is required to separate signals from the same UE at the gNB.
Observation 11	Only certain CSI resource configurations would be relevant for early CSI reporting.
Observation 12	The CSI resource configuration for the default CSI report configuration would only contain a channel measurement resource that is known to the UE and no interference measurement resource.
Proposal 10	RAN1 should investigate other ways to reduce interruption to 0ms.
Proposal 11	Support CSI reporting in Msg3 triggered by the CSI request bit in the RAR grant, both for contention-based and non-contention-based random access.
Proposal 12	For non-contention-based access, the UE reports CSI according to a specific CSIReportConfig conveyed in the RRCReconfigurationWithSync.
Proposal 13	For contention-based access, the UE reports CSI according to a default CSI report configuration.



Summary of offline discussion on DC/MBB based HO solutions:
· Companies have reviewed latest agreements in RAN2.
· Based on latest agreements companies discussed on next steps and plan for RAN1.
· Feature lead emphasized that RAN1 has only two meetings left to complete all physical layer work for the WI.
· [bookmark: _GoBack]For some information on dual active protocol based HO interruption reduction solution, please see R2-1910384 for reference only (please note that details of the RAN2 solution is not completely agreed)

Suggestion for Agreement:
· Support separate UE capability for NR-DC and dual active protocol stack (DAPS) based HO interruption reduction solution.


Suggestion for Conclusion:
· Companies are encourage to provide views and proposals to complete the physical layer specification in the next meeting for dual active protocol stack (DAPS) based HO solution agreed in RAN2.
· The following are list of potential physical layer aspects that may be relevant for discussion:
· How to leverage features supported by Multi-TRP WI
· Procedures related to DL/UL operation
· PDCCH monitoring, CORESET, and Search Space configuration for source and target cells
· PDSCH resource allocation and transmission for source and target cells
· How the simultaneous reception is performed, e.g. TDM
· PUSCH resource allocation and transmission
· How the simultaneous transmission is performed, e.g. TDM
· Multi-beam PUSCH transmission (e.g. repetition of PUSCH)
· Physical layer functionality needed to support RAN2 agreement, “Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution.”.
· HARQ-ACK, CSI, SR feedback
· Uplink TA adjustments
· Power control for PUSCH/PUCCH/SRS 
· Any other Tx/Rx beam related aspects
· Physical layer aspects required to support DAPS based HO solution in FR2 (including determining feasibility and whether or not support feature for FR2)
· UE capability aspects


2.2 Discussion on RACH-less HO
Summary of observations from companies on TA aspects of RACH-less HO
	Company
	Observations & Proposals

	Huawei, HilSilicon
	Observation 4: There is no need for RAN1 to further discuss feasibility of RACH-less HO with zero or equal TA in FR2, as RAN4 already concluded it is feasible if source and target cells are well synchronized.
Observation 5: RAN1 does not need to spend time on RACH-less HO with non-zero and non-equal TA as RAN4 is still discussing its feasibility.
Observation 6: Option 2 is already supported in NR Release 15 in the form of gradual TA adjustment and one-shot TA adjustment. RAN1 should send an LS to RAN4 to check whether any further modifications are needed in order to support gradual TA adjustment and one-shot TA adjustment between Rx/Tx beams targeting different cells.
Proposal 10: Regarding TA enhancements over LTE RACH-less HO, RAN1 continues discussing option 1 and 3, taking into account the possibility of NW to indicate UE to transmit SRS to neighbour cell for TA estimation. 
Proposal 11: Support configuring grant-free resource(s) (i.e., configured grant type I) to be used for transmission to target cell in the HO command from source cell.

	MediaTek
	Observation 1: In NR, without considering feasibility, RACH-less HO saves about 16% of interruption time using 2-step RACH as a baseline, while DC-based and enhanced MBB based handover can achieve 0ms interruption time.
Observation 2: RAN1 impacts on RACH-less HO is how can UE obtain UL grant, power control, timing advance, and UL beam pair selection for initial PUSCH transmission.
Proposal 1: Configuring multiple UL grant resources associated with different DL RS (SSB or CSI-RS) in target cell during RACH-less handover should be discussed after some companies perform simulation to justify the handover successful rate gain.
Proposal 2: For NR RACH-less HO, similar approach as [8] where PUSCH (re)transmissions follow the same power control procedures (power ramping) as in RACH process with parameters not exist for RACH-less HO set to zero can be discussed.
Observation 3: The requirement of TA measurement in SMTC window by UE may have RAN4 impact since there is no requirement for TA measurement in current RAN4 spec.
Observation 4: According to current RAN4 reply, RACH-less HO is feasible with target cell TA = 0 or source cell TA = target cell TA in FR1 and FR2. It is not clear why FR2 is required to be well synchronized (synchronous) to support RACH-less HO while FR1 is not.
Observation 5: For synchronous network, the cell phase offset between source cell and target cell may be required for UE to do TA estimation for RACH-less HO. The behavior to acquire the offset between source and target cells is up to RAN3 to determine.
Observation 6: The feasibility of TA estimation for RACH-less HO in asynchronous network requires RAN3’s input.
Observation 7: Among the 3 options to determining TA raised in RAN1 #97
· Option 1: Network indicates a timing refinement factor to UE so that UE can use at least the indicated timing refinement factor to adjust the target cell TA from the source cell TA.
· Option 2: UE performs an autonomous TA adjustment
· Option 3: Network indicates the target cell TA that is estimated by the target cell based on SRS transmission to the source cell
Option 1 and Option 3 makes more sense since in Option 2 UE still requires Network’s help as stated in observations 5 and 6.
Observation 8: Due to the long measurement period in FR2 for each measurement target, the beam sweeping results from RRM can be outdated for UL beam selection in RACH-less handover. Further enhancement for this issue may be required.


	ZTE
	Observation 1: The TA error calculated by UE should be at least smaller than the half of CP length.
Observation 2: UE-calculated TA may not work when PUSCH SCS is larger than 15kHz. For 15kHz, its feasibility is FFS. 
Observation 3: It may not be feasible for network to indicate a timing refinement factor for target cell TA calculation by UE.
Observation 4: There are some potential issues on latency, reliability, complexity, HOF rate for the network-based method. 
Proposal 1: RACH-less can be supported in the scenarios where target cell TA is zero or equal to source cell TA in FR2.
Proposal 2: It is not preferable to support UE based autonomous TA adjustment..
Proposal 3: NR RACH-less is considered only in the same scenarios as LTE RACH-less.  
Proposal 4: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
Proposal 5: Multiple configured grant resources can be configured for a UE in RACH-less handover and each configured grant resource corresponds to each beam, such as SSB or CSI-RS. The UE selects the resource corresponding to the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 6: If the signal quality of all the configured RS are below the configured threshold, UE will use traditional random access procedure to access target cell.
Proposal 7: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
Proposal 8: Power ramping should be supported for PUSCH transmission in RACH-less handover.
Proposal 9: 2-step RACH should be considered for handover to reduce interruption time.  

	Ericsson
	Observation 1	The NW can choose to enable calculated TA only in scenarios where the BS timing uncertainty is sufficiently small.

Observation 2	Options 1 and 3 still require that the source and target cells are synchronized, i.e., that the timing difference is fixed and known.

Proposal 1	RAN1 to await further progress in RAN4 regarding the possibility to use a calculated TA value for the target cell at RACH-less HO.
Proposal 2	If RACH-less handover is introduced in NR and calculated TA is ruled out, the configuration should support that the network can set a specific TA value for the target cell, which is different from 0.
Proposal 3	If RACH-less HO is introduced in NR, it should be possible to limit the validity of the RACH-less HO configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO configuration, it uses the RACH-procedure there.
Proposal 4	If RACH-less HO is introduced in NR, all the pre-allocated UL grants should be valid for the Msg3 transmission (as long as the RACH-less configuration is valid for the selected DL beam).
Proposal 5	If RACH-less handover is introduced in NR, the UE shall use a spatial relation defined by a DL RS selected from a set of RSs signalled by the NW to transmit Msg3.
Proposal 6	Until reconfigured/activated, the UE may assume that all DL signals from the target gNB are quasi co-located with respect to QCL-TypeA, and QCL-TypeD properties with the selected DL RS.
Proposal 7	The Msg3 Tx power is determined using the PUSCH power control rules specified in section 7.1.1. in [1] using the RS used for QCL assumptions and spatial relation determination as pathloss reference RS.
Proposal 8	In RACH-less HO, it should be possible to map several DL RSs to the same Msg3 allocation.
Proposal 9	In RACH-less HO, it should be possible to configure the UE to signal the selected DL RS (beam) in Msg3.

	Qualcomm
	Proposal 4: For intra-frequency handover, network indicates a timing refinement factor to UE that can derive the target cell TA by adjusting the source cell TA based on at least the indicated refinement factor.
· The timing refinement factor should represent aspects such as source-target cell timing synchronization and uplink/downlink imbalance at source/target cells.
Proposal 5: At least for FR1 intra-frequency handover, the target cell can estimate the timing advance based on SRS transmitted to the source cell. SRS configuration is configured to UE and known to the target cell.
Proposal 6: Define PUSCH occasion for PUSCH transmission in multi-beam deployments.
Proposal 7: RACH-less HO supports PUSCH repetition.
Proposal 8: Discuss PUSCH configuration on numerology, waveform and MCS.

	Samsung
	Proposal 1: The configured grant specified in Rel-15 NR is reused to pre-allocate the uplink grant for UE configured with RACH-less HO.
Proposal 2: The initial value of the PUSCH power control adjustment state for the target cell is set to fb,f,c(i,l) = 0.
Proposal 3: Support fallback to RACH based HO in case of RACH-less HO failure.

	Nokia
	Observation: Configured Grant Type1 and Type2 could be used as baseline for the two scenarios for delivering the UL grant. 
Observation: The RACH-less HO the UE can use the UL and DL BWP indicated by ‘firstActiveDownlinkBWP-Id’ and ‘firstActiveUplinkBWP-Id’ (i.e. no special BWP is required for the RACH-less HO).
Observation: PDCCH monitoring e.g. for UL grant (Type2) could use the Type3-PDCCH CSS or USS, if configured and if not configured, Type1-PDCCH CSS.
Observation: For Type1 RACH-less HO, pathloss reference could be used to determine the UL spatial relation. If multiple pathloss references are to be considered, determining association between RS’es and UL grant time occasions could be used. 
Observation: For Type2 RACH-less HO, pathloss reference determination could follow the same procedure as for Type2 configured grant. For multi-beam operation, the PDCCH monitoring occasion determination could follow the TCI state given in CORESET(s) or be based on the non-default association as e.g. for Type2-PDCCH. 
Observation: To account possible different UL allocations, Msg3 based approach could be considered for the transmit power definition.  
For TA enahancements to RACH-less HO following observations are made:-
Observation: Enabling network to indicate the TA to be applied could be considered as an extension for RACH-less HO.
Observation: Feasibility of UE autonomous TA adjustment depends heavily on the achievable accuracy of RSTD measurement. 
For the simultaneous connectivity cases, we make following observations:




Comments from Feature Lead:
· Based on latest RAN2 decision, “RAN2 will not work on RACH-less HO any further in Rel16 (Can be revisited if CFRA is not agreed to be part of 2 Step RACH in Rel-16)”, it is suggested that RAN1 not spend efforts in discussions on RACH-less HO until next meeting (after next RAN Plenary).
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