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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In TSG-RAN#80 plenary meeting [1], a new WID on NR mobility enhancements was approved for Release 16. In RAN1#96 [1], the following conclusion was reached for NR mobility enhancements:

Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

[bookmark: _Ref129681832]In this contribution, we provide an overview on possible RAN1 specification impacts on the identified solutions.
Overview on NR mobility enhancement from RAN1 perspective
1.1 DC-based HO solution
The solutions for handover/SCG change with simultaneous connectivity with source cell and target cell are largely fallen into Dual-Connectivity (DC)-based solutions. In LTE Rel-12, inter-frequency DC has already been supported for multi-cell simultaneous communications (control/data) assuming non-ideal backhaul between cells. Since the UE is capable of communicating with multiple cells at the same time, DC can be extended to support 0ms interruption time during mobility events such as HOs. Moreover, since DC can enable control/data communication from/to multiple cells, it can also improve data reliability and robustness, which can be very stringent for URLLC scenarios, e.g. the remote driving scenario requiring 1E-5 reliability with 5ms end-to-end delay at all-time even during the HO.
In general, the basic DC-based HO procedure consists of two steps,  1) adding the target gNB as S-gNB and role change, 2) S-gNB release, as discussed in [3].
To identify RAN1 impacts on DC-based solutions, we first present the signaling flow of DC-based HO in Figure 1. The different phases are defined as follows:
· Phase 1: The UE sends a Measurement Report to the source gNB and is yet to receive a RRC Reconfiguration message.
· Phase 2: The UE receives a RRC Reconfiguration message from the source gNB.
· Phase 3: The UE transmits the Random Access (RA) preamble towards the target gNB and monitors for the PDCCH scrambled with the RA-RNTI scheduling the PDSCH carrying the RA response.
· Phase 4: The UE transmits a RRC Reconfiguration Complete message to the target gNB.
· Phase 5: The target gNB takes steps to release the source gNB.
[image: ]
[bookmark: _Ref1078978]Figure 1: Signaling flow for DC-based HO

Table 1 below presents physical channels and signals associated with connections a UE has with source and target gNBs in a DC-based HO solution, which later can be used to identify RAN1 impacts.
[bookmark: _Ref1079088]Table 1: DL/UL transmission between UE and source/target gNB in DC-based HO
	Scenario
	DL/UL channels
	Phase

	
	
	Phase 1
	Phase 2
	[bookmark: OLE_LINK214][bookmark: OLE_LINK213][bookmark: OLE_LINK212]Phase 3
	[bookmark: OLE_LINK21][bookmark: OLE_LINK20]Phase 4
	Phase 5

	DC-based
mobility 
	Source gNB
	[bookmark: OLE_LINK12][bookmark: OLE_LINK11]DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH 
	[bookmark: OLE_LINK14][bookmark: OLE_LINK13]DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/ PUSCH
	[bookmark: OLE_LINK22]DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	-

	
	Target gNB
	[bookmark: OLE_LINK24][bookmark: OLE_LINK23]-
	DL: SS/PBCH
	DL:PDCCH/PDSCH
UL: PRACH Preamble
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH



As can be seen, a UE maintains data connectivity with the source and target gNBs simultaneously during phases 3 and 4.
Observation 1: DC-based HO keeps links to source and target gNBs simultaneously active, i.e. the UE does not experience any interruption due to mobility.

Simultaneous connectivity feasibility
DC requires the UE to transmit signals to and receive signals from the PCell and PSCell simultaneously. The feasibility/applicability of such simultaneous transmission and reception is down to two factors: the UE’s capability and the network deployment.
[bookmark: _GoBack]As per the LS reply from RAN4 [4], a UE with dual Tx/Rx RF chains can maintain two links with the PCell and PSCell simultaneously in FR1 for at least synchronous network. If the PCell and PSCell are operating in bands located in FR1 then the UE can maintain simultaneous connectivity as both RF chains can independently maintain DL/UL towards the respective cells. The case where the PCell and PSCell are both operating in bands located in FR2 is not feasible according to RAN4, while the case where the PCell and PSCell are in an asynchronous network is still under study and there is currently no conclusion regarding that case.  
In addition, according to the LS reply from RAN4 [4], a UE with a single Tx/Rx RF chain can maintain two links with the PCell and PSCell simultaneously in FR1 for at least synchronous network. The case where the PCell and the PSCell are both operating in bands located in FR2 is not feasible as the UE cannot simultaneously maintain separate DL/UL beams towards the PCell and the PSCell. The UE could maintain separate DL/UL beams towards the PCell and the PSCell in a TDM manner.
Observation 2: According to the LS reply from RAN4 in R4-1706913, simultaneous connectivity is feasible in FR1 for UEs with one or two Tx/Rx RF chains in a synchronous network. The case for asynchronous networks is still under study.

RAN1 impact details
As can be seen in Table 1 during phases 3 and 4 for simultaneous reception from and transmission to source and target gNBs, UE needs to handle the possible simultaneous PDCCH/PDSCH reception, possible simultaneous PUCCH/PUSCH or PUCCH/PUSCH and PRACH transmission, and possible simultaneous PDCCH/PDSCH reception and PUCCH/PUSCH/PRACH transmission. 
(1) simultaneous PDCCH/PDSCH reception and HARQ-ACK feedback
A UE’s behavior as per Section 10 in [6] is to monitor PDCCH candidates in one or more CORESETs in an activated DL BWP on each active serving cell. Active serving cells are configured using servingCellConfig IEs. A UE will monitor PDCCH candidates on a CORESET as long as there is a servingCellConfig configured by RRC. 
During HO procedure based on DC structure, the UE would be configured with two separate serving cell configurations, where each cell would have its own set of activated DL BWP configurations as well as the configurations for CORESET. Some envisioned RAN1 impact includes at least as follows:
· UE’s monitoring/decoding behavior for multiple PDCCH from different cells. 
· HARQ-ACK feedback procedure to multiple PDSCH from different cells. 
Observation 3: RAN1 impact for DC-based handover at least includes:	
· UE’s monitoring/decoding behavior for multiple PDCCH from different cells.
· HARQ-ACK feedback procedure to multiple PDSCH from different cells. 

It is noted that Rel-16 NR eMIMO WI [7] is specifying multi-TRP transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs) [2]. The inter-cell case for multi-TRP transmission is the same as the simultaneous PDCCH/PDSCH reception and PUCCH/PUSCH transmission in DC-based HO in terms of RAN1 impact as aforementioned. Rel-16 eMIMO has made some agreements on these aspects as follows:
Agreements from eMIMO on multi-TRP transmission [2] [5] include:
· A1: For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported 
· A2: For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.
· A3: To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
· FFS: UE monitoring/decoding behavior for multiple PDCCHs.
· A4:For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
· For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

The listed agreements (A1-A4) as above apply to the DC-based handover for RAN1 impact/specification, even though some of agreement is specifically targeting other cases e.g., A1 for eMBB. 
Proposal 1: The agreements made in eMIMO WI on multi-TRP transmission as A1, A2, A3, A4 as listed apply to DC-based handover for RAN1 impact/specification. 

(2) Uplink power control
When UE maintains simultaneous PUCCH/PUSCH transmission to source and target gNBs during DC-based handover procedure, how to perform uplink power control needs to be identified/specified. 
As of Release 15 there is no mechanism specified in RAN1 for how the UE performs Power Control across cell groups for channels such as PUCCH, PUSCH and PRACH in NR-NR DC as Rel-15 only supports NR-NR DC with two cells being deployed in FR1 and in FR2, respectively. Let’s use the PUSCH transmit power as an example:
[image: ]
PLb,f,c(qd) is the downlink path loss estimate based on a DL reference signal that the UE measures on the active DL BWP. The NR Release 15 does not support NR-NR DC in a single frequency range, so it is unclear yet how to perform UL power control when both the are intra-frequency, e.g., how to pick DL reference signals to determine PLb,f,c(qd) for NR-NR DC when both the PCell and PSCell are in FR1 or FR2. 
How to perform uplink power control during DC-based handover is the same case as NR-NR DC as part of the multi-RAT DC/CA WI [8] for uplink power control issue. RAN1 is currently discussing the options of supporting UL power control for NR-NR DC, with proposals for supporting dynamic and semi-static power sharing operations in FR1-FR1 band combinations. If the source and target cells are both in the same frequency range and are using the same DL and UL BWPs, the UE could determine downlink pathloss estimates separately for each cell based on RSs by those cells but UL Power Control would eventually be performed in a joint manner using either dynamic or semi-static power sharing. 
Proposal 2: For uplink power control for DC-based handover, power sharing is assumed.	
Observation 4: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC-based handover. 

1.2 Make-Before-Break solution
As we explained in [9], the Make-Before-Break (MBB) solutions are the enhancements on the traditional HO procedure in which the UE keeps the link to the source cell, even after receiving the HO command from the source, rather than releases the link as in the traditional HO procedure. From RAN1’s perspective: the impacts from MBB with enhancement HO solutions are the same as DC-based HO solutions. Both solutions aim to reduce the mobility interruption time such that data connectivity is not lost (i.e. the UE is always monitoring for PDCCH messages scheduling DL/UL data transmissions). Similarly to the DC-based HO solution (as explained in Section 2.1), the enhanced MBB HO solution establishes a link with the target cell before releasing the link with the source cell: this means that the UE is indeed monitoring PDCCH messages from both the source and target cells simultaneously. 
Observation 5: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.


Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: DC-based HO keeps links to source and target gNBs simultaneously active, i.e. the UE does not experience any interruption due to mobility.
Observation 2: According to the LS reply from RAN4 in R4-1706913, simultaneous connectivity is feasible in FR1 for UEs with one or two Tx/Rx RF chains in a synchronous network. The case for asynchronous networks is still under study.
Observation 3: RAN1 impact for DC-based handover at least includes:	
· UE’s monitoring/decoding behavior for multiple PDCCH from different cells.
· HARQ-ACK feedback procedure to multiple PDSCH from different cells. 
Proposal 1: The agreements made in eMIMO WI on multi-TRP transmission as A1, A2, A3, A4 as listed apply to DC-based handover for RAN1 impact/specification. 
Proposal 2: For uplink power control for DC-based handover, power sharing is assumed.	
Observation 4: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC-based handover. 
Observation 5: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.
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