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1. Introduction
In this contribution, we summarize issues identified by submitted contributions on NR mobility enhancement in RAN1 #98bis. 

2. Summary of Issues
2.1 Handling of overlap of DL channel/signals [2][6]
In case there are UEs that are not able to support simultaneous Rx in the context of DAPS based HO, but is required to perform DAPS based HO, there may need to be some specification support on how to handle DL channel/signal collision. One company has provided some proposals on how this could be handled. The collision handling issues is expected to be more prominent in FR2.

Companies have provided proposals shown below:
· For the UE without simultaneous Rx in DAPS based HO, when monitoring occasions of PDCCH from source and target cells are overlapped, a PDCCH monitoring prioritization rule should be defined. [6]
· For the UE without simultaneous Rx in DAPS based HO, when PDCCH from source (target) cell overlaps with PDSCH from the target (source) cell or PDSCHs from both cells overlap, a channel reception prioritization rule should be defined. [6]
· For the UE without simultaneous Rx/Tx in DAPS based HO, when DL/UL channels from source (target) cell overlap with DL/UL from the target (source) cell, a channel prioritization rule should be defined. [6]

The following are list of proposals for FR2 scenarios:

· For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs from source and target cells overlap and have QCL assumptions which are explicitly indicated by the TCI states in the DCI or TCI states which follows the scheduling PDCCH, a TCI state prioritization rule should be introduced. [6]
· For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs with default PDSCH TCI states from source and target cells overlap, a TCI state selection rule should be introduced. [6]
· For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCH with TCI state indicated by DCI from source (target) cell and PDSCH with default PDSCH TCI state from the target (source) cell overlap, an TCI state selection rule should be introduced. [6]

· For FR2 UEs, support TDM-based reception of PDCCH/PDSCH from source and target gNBs for DAPS-HO. [2]


Suggestion from feature lead:
· Continue discussion 
· First focus on whether or not to support DAPS based HO procedure in scenarios where UE may not be able to support simultaneous DL needs discussion.
· Next discuss required specification changes needed.


2.2 Handling of overlap of UL channels/signals [1][2][3][5][6][7][8]
In case there are UEs that are not able to support simultaneous Rx in the context of DAPS based HO, but is required to perform DAPS based HO, there may need to be some specification support on how to handle UL channel/signal collision. The issue for uplink seems more relevant given that there are already restrictions on UL channel/signal transmissions in CA/DC operations, primarily due to power control and signal phase continuity.
In order to combat transmission limitations in UL, some companies investigated into support of TDM like approach of multiplexing UL channel/signals for source and target cell. A company also mentioned that support of TDM like approach may be specification transparent and left up to gNB implementation. A company mentioned that instead of defining rules for TDM behavior, RAN1 focus on defining rules on dropping or prioritization to combat simultaneous UL transmission limitations.

Companies have provided proposals shown below:
· The source cell and target cell coordinate the TDM or FDM pattern, the pattern is transparent for UE. [1]

· For UEs not capable of simultaneous transmission, [2]
· For intra-frequency DAPS-HO, UE send separate PUCCH transmissions to source and target cells in accordance with the agreements in the multi-TRP framework.
· For other cases of DAPS-HO, the UE sends PUCCH carrying HARQ-ACK according to existing Rel. 15 specification.
· For UEs capable of simultaneous transmission, PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot. [2]
· For FR2 UEs, support TDM-based transmission of PUCCH/PUSCH to source and target gNBs for DAPS-HO. [2]


· At least for intra-frequency handover, slot based TDM approach achieved by network scheduling is supported by all UEs with capability of DAPS handover i.e. including the UEs with and without capability of simultaneous DL reception.  [3]
· FFS whether and how UEs with multi-TRP capability can support simultaneous DL reception in DAPS handover
· For inter-frequency handover, power sharing scheme in Rel-16 NR-DC can be reused to support simultaneous transmission to two cells from a UE with capability of simultaneous transmission. For intra-frequency handover or 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. [3]

· RAN1 assumes PUSCH + SRS, PUSCH + PUCCH, and PUSCH + PUSCH (CSI only) channel multiplexing cases are supported for DAPS based HO solution. [5]

· [bookmark: _Hlk20925628]Proposal 7: DAPS based HO supports separate HARQ-ACK feedback for PDSCHs from source and target cells with leveraging the following agreements from multi-TRP: [6]
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
· For the UE without simultaneous Tx in DAPS based HO, when PUCCH from source (target) cell overlaps with PUSCH from the target (source) cell or PUCCHs from source and target cells overlap, a channel prioritization rule should be defined. [6]
[bookmark: _Toc21092321]
· RAN1 does not introduce any TDM pattern for RUDI handover. [7]
· [bookmark: _Toc21092322][bookmark: _Ref21009315]In case the UE gets overlapping UL grants, the UE drops the transmission to the source. [7]
· [bookmark: _Toc21092315]There is no RAN1 specification impact of RUDI handover related to HARQ-ACK, CSI or SR.
· [bookmark: _Toc21092316]There are no RAN1 specification impacts of RUDI handover related to TA adjustment.
· [bookmark: _Toc21092317]There are no RAN1 specification impacts of RUDI handover related to UL power control. (assuming In case the UE gets overlapping UL grants, the UE drops the transmission to the source.)

· TDM pattern is used for UL data/cntrl collision avoidance between target and source. [8]


Suggestion from feature lead:
· Continue discussion 
· First focus on whether or not to support TDM based UL transmission for DAPS based HO procedure
· Next discuss required specification changes needed, such as details of TDM pattern/dropping/prioritization rules.


2.3 Power control during simultaneous UL transmission in source and target cell [1][2][4][5]
In case UE is able to transmit simultaneously for source and target cell in UL, UE is still is limited to maximum transmission power across source and target cell. The existing CA/DC power control rules and prioritization was primarily between NR and LTE, or MCG and SCG, or primary and secondary cells. For DAPS based HO the power sharing may need to be for target and source cell, which may both be SpCell (PCell or PSCell).
Companies have provided proposals shown below:
· For TDM scheduling, two sets of power control parameters are configured from the source cell and target cell, thus the transmission power is adjusted independently in each severing cells. [1]
· For FDM scheduling, the UL transmission for source cell and target cell will happen in the same slot, if the total transmission power is smaller or equal to Pcmax, the transmission power can be shared between source and target cell dynamically. [1]
· In case of the total transmission larger than Pcmax, the power scaling rule needs to be defined. To make the UE handover to target cell successfully, the power scaling can be done in the source cell. [1]
· If the simultaneous UL transmission power exceeds the UE maximum transmission power, power scaling is done form the source cell side. [1]

· For DAPS-HO, power sharing is assumed for Uplink Power Control for PUCCH for UEs indicating DAPS-HO with simultaneous transmission capability.	[2]
· Power sharing mechanism supported in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DAPS-HO. [2]

· For DAPS based HO, the Rel-15 power prioritization rules can be starting point when a total UE transmit power exceeds PCMAX. The power control aspects for Rel-16 MR-DC/CA WI should be taken into account for DAPS based HO as well. [4]
· For DAPS based HO, when a total UE transmit power exceeds PCMAX, PRACH transmission on the PCell of the target cell has the highest priority. [4]

· CA/DC operations is the baseline for defining UE behavior for multiple cell concurrent connectivity for DAPS based HO solution. [5]
· Any specific new UE behaviors required (other than what is already supported by CA/DC operations) for DAPS based HO solutions is FFS.


Suggestion from feature lead:
· Continue discussion on
· Power prioritization between source and target cell
· Whether semi-static and/or dynamic power sharing will be applicable for DAPS based HO procedure.
· How the PHR will be reported in DAPS based HO procedure


2.4 UE capability for simultaneous DL/UL reception/transmission in source and target cell [1][2][4][5]
In RAN1 #98, it was agreed that there will be a separate capability for DAPS based HO procedure from CA/DC operation capability. Further details on the required capability indications is needed.

Companies have provided proposals shown below:
· DAPS-HO capability is reported per band and/or per band combination [2]
· For each supported band or band combination, the UE reports a set of supported features, e.g. simultaneous PDCCH reception, PDSCH with full/partial/no overlap, multiple Timing Advance, dynamic or semi-static UL power control, etc.
· For DAPS-HO, the maximum number of BD/CCE is subject to UE capability and needs to consider leveraging the numbers from other Work Items, e.g. multi-TRP and URLLC. [2]

· For inter-band inter-frequency DAPS based HO, DC functionality involving two frequencies in MCG and SCG are utilized. [4]
· When DAPS based HO utilizes a UE’s DC functionality, RF and baseband parameters configured for two cells in HO should satisfy those parameters a UE declared for MCG and SCG in the corresponding DC combination. [4]
· For intra-band DAPS based HO, DC combination a UE declares can also be utilized in one of the ways below. [4]
· Any DC combination can be utilized if MCG and/or SCG includes the carrier frequency of the HO.
· A UE may declare preferred DC combination(s) among multiple ones which include the carrier frequency of the HO in MCG and/or SCG.
· When intra-band DAPS based HO utilizes DC combination in a way proposed in proposal 6, baseband parameters in MCG and SCG should separately satisfy configurations for two cells. [4]

· For inter-frequency HO cases, RAN1 assumes an indication of whether the UE supports DAPS based HO procedure between two cells for each CA/DC band combination is sufficient to capability signaling. [5]
· For intra-frequency HO cases, RAN1 assumes an indication, which is separate from inter-frequency HO cases, of whether the UE supports DAPS based HO procedure between two cells in the same frequency and under specific conditions for each CA/DC band combination is sufficient. [5]
· The details on the conditions in which intra-frequency DAPS based HO procedure is feasible is FFS.
· The details of the physical layer restriction during the intra-frequency DAPS based HO procedure is FFS.

Suggestion from feature lead:
· Continue discussion on
· What information needs to be informed to RAN2, so that RAN2 complete the capability signaling design for DAPS based HO procedure


2.5 PDCCH monitoring for source and target cells [2][4][5][7]
In order to receive PDSCH from source and target cell, UE must able to receive PDCCH from both source and target cell. Therefore, details of PDCCH monitoring operations including signaling needs further discussion.
Additionally, the PDCCH monitoring has implications on the UE complexity and capability. For example, the maximum number of CORESET configuration the UE is expected to handle for source and target cell during DAPS based HO procedure is questionable.

Companies have provided proposals shown below:
· At most 3 CORESET configurations available for target cell during DAPS based HO procedure. [1]

· For DAPS-HO, the UE monitors PDCCH candidates for search space sets belonging to the source and target cells in the same slot [2]
· Search space sets are configured for a primary cell of a MCG.
· A given primary cell of a given MCG is either the source or target cell.

· For DAPS based HO, PDCCH monitoring is configured semi-statically across source and target cells. [4]
· For intra-band HO and DAPS based HO, the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell). [4]

· Support separate DCI/PDCCH for the source cell and the target cell in DAPS based HO. [5]
[bookmark: _Toc21092319]
· Reuse the Rel-15 limits on the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP defined in [2], Table 10.1-2 and Table 10.1-3. As a starting point, replace [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70274401&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image024.png%22&N=image024.png] with [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70275538&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image025.png%22&N=image025.png] where r=[1,2] is a UE capability. [7]
· [bookmark: _Toc21092320]The PDCCH configuration related to RUDI handover is left to RAN2. [7]

· For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently, expect for subcarreir spacing which is pending on the UE capability. [8]
· For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth. [8]

Suggestion from feature lead:
· Continue discussion on
· Required capability signaling for PDCCH monitoring during DAPS based HO procedure
· Limitation of configurations for PDCCH monitoring (such as maximum CORESET configuration, number of BD, number of non-overlapped CCEs) (if any)



2.6 DRX operations during simultaneous transmission/reception [2]
One company discussed how DRX may potentially be impacted by DAPS based HO procedure and suggested the following proposal.
· While DAPS-HO is taking place, UEs are expected to be configured with the same DRX periodicity for source and target cells or expected not to be in DRX operation mode during DAPS-HO operation. [2]


Suggestion from feature lead:
· Continue discussion on DRX operations and its relationship with DAPS based HO procedure.


2.7 SCell Handling during DAPS based HO procedure [5][6]
One company discussed whether Scells need to be considered during DAPS based HO procedure. It was mentioned that the motivation for DAPS based HO procedure is for constant connectivity and therefore may not need to support Scells, which are intended for throughput enhancement.

Companies has provided the following proposals:
· RAN1 recommends that no SCell are active during DAPS based HO procedure and UE only need to maintain connectivity with PCell and PSCell during DAPS based HO procedure. [6]
· Send an LS to RAN2 to seek confirmation on RAN1 recommendation.

· Whether the CA/multi-TRP operation in the source cell is deactivated or remains unchanged should be discussed in RAN2. RAN1 should discuss CA/multi-TRP-related PHY issues after RAN2 made agreements on such operation. [6]


Suggestion from feature lead:
· Continue discussion on Scell related aspects of DAPS based Ho procedure.


2.8 Relationship of NR Mobility enhancement and Multi-TRP enhancements [3][4][6][7]
Serval companies discussed the relationship between NR mobility enhancement and multi-TRP enhancements. It was identified that several aspects of multi-TRP operation is similar to DAPS based HO procedure and therefore discussed on whether the featured defined for multi-TRP operation may be applicable to DAPS based HO procedure or not.
One company mentioned that Due to the different user plane protocol structures, it is impossible to reuse the mTRP configuration framework for RUDI handover (a.k.a DAPS based HO procedure). Also it was mentioned that if multi-TRP is applied to RUDI handover, the requirements introduced in the multi-TRP work would limit the scenarios where RUDI handover is applicable. Furthermore some of the configuration restrictions in the mulit-TRP work are introduced to facilitate communication over longer time periods, which is unnecessary for RUDI handover.

 Companies has provided proposals shown below:
· Some of the restrictions defined for multi-TRP may not be appropriate to intra-frequency handover. Some require tight coordination between gNBs. Further work is required to identify which restrictions can be reused in NR mobility enhancement and the corresponding specification impact. [3]

· In principle, the specification support for multi-PDCCH based M-TRP/Panel transmission is also applicable for DAPS based HO interruption time reduction. The technical details should be adjusted further for HO scenario. [4]
· Single-PDCCH based M-TRP/Panel transmission may not be applicable for DAPS based HO interruption time reduction. [4]
· Multi-TRP support for URLLC is out of scope for DAPS based HO interruption time reduction. [4]

· [bookmark: _Hlk20834743]Whether the CA/multi-TRP operation in the source cell is deactivated or remains unchanged should be discussed in RAN2. RAN1 should discuss CA/multi-TRP-related PHY issues after RAN2 made agreements on such operation. [6]
[bookmark: _Toc21092318][bookmark: _Ref21010050]
· Multi-TRP and RUDI handover are separate UE capabilities. [7]

Suggestion from feature lead:
· Continue discussion on relationship between multi-TRP and DAPS based HO procedure.


2.9 UL configurations for source and target cell [8]
One company discussed issues on UL configurations for source and target cell. More specifically, RACH configurations and potential impact from using certain PRACH resource due to limitation of UL transmission in DAPS based HO procedure. The following proposals were made.
· RACH configurations, including subcarrier spacing, can be independent in source and target cell.
· To avoid source cell UL and DL blocking due to target cell RACH occassions, some UE assistance information on selected RACH resources could be considered for CBRA.

Suggestion from feature lead:
· Continue discussion on potential changes to existing UL configuration that would be needed for DAPS based HO.
· Continue discussion on PRACH transmission impact and RACH configuration for DAPS based HO.


2.10 Other Issues [9][10]
The following are proposals that were submitted to the others agenda category. 

Proposal from [9]
· Reporting events for HO are triggered using cell-level results obtained from beam measurements, which are L3-filtered and evaluated against a certain threshold for a time configured for a given event.
· In FR2, a UE will have to do beam sweeping in order to find the appropriate Rx beam in order to detect and measure a given RS for mobility purposes per the current procedure in Rel-15.
· Not consider the beam-related enhancements of CHO in Rel-16.

Proposals from [10]
· [bookmark: _Toc20678386][bookmark: _Toc16838652][bookmark: _Toc534887759]Introduce an optional PCI in the QCL-info definition to facilitate update of the QCL source to an RS in a non-serving cell.
· [bookmark: _Toc20678387][bookmark: _Toc16838653][bookmark: _Toc534185972][bookmark: _Toc525886725][bookmark: _Toc513036230]Include a PCI in the definition of BFR-SSB-Resource and/or BFR-CSIRS-Resource to allow the UE to perform the beam recovery in other cells.
· [bookmark: _Toc20678374][bookmark: _Toc16838640][bookmark: _Toc534187300][bookmark: _Toc528247964][bookmark: _Toc525828774][bookmark: _Toc513402424]A quite small addition is required in the standard to enable the UE to report RSRP also on SSBs from non-serving cells. 
· [bookmark: _Toc20678375][bookmark: _Toc16838641][bookmark: _Toc534187301][bookmark: _Toc528247965][bookmark: _Toc525828775][bookmark: _Toc513402425][bookmark: _Toc510798573][bookmark: _GoBack]L1-RSRP measurements of SSBs in neighbour cells is readily available in the UE. No additional measurement functionality needs to be implemented. 
· [bookmark: _Toc20678376][bookmark: _Toc16838642]Reporting over L1 is significantly faster than reporting than L3 reporting and enables to the NW to easily perform UE-specific processing of the measurement, taking additional quantities into account.
· [bookmark: _Toc20678378][bookmark: _Toc16838644]The NW can very easily activate and deactivate the L1 reporting when needed, leading to reduced UE power consumption.
· [bookmark: _Toc20678385][bookmark: _Toc16838651][bookmark: _Toc534866612][bookmark: _Toc528247966][bookmark: _Toc525828776][bookmark: _Toc513402428][bookmark: _Toc510798575]Proposal Include an optional PCI in the definition of SSB resources for beam management reporting to enable reporting of L1-RSRP of non-serving cells over PUCCH/PUSCH.

Suggestion from feature lead:
· Continue discussion
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