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In TSG-RAN#80 plenary meeting [1], a new WID on NR mobility enhancements was approved for Release 16 (Rel-16). The following objectives are considered in this WI:
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 

In RAN1#95 [2], the following agreement on multi-TRP transmission was achieved. 
Agreement:
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
In RAN1 AdHoc 1901 meeting [3], the following agreement on multi-TRP transmission was achieved.
Agreement:
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported

[bookmark: _Ref129681832]In this contribution, we provide 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) with a UE with non-ideal backhaul between cells. Since the UE is capable of communicating with multiple cells at the same time, the DC can be extended to support 0ms interruption time during mobility. Moreover, since the DC can enable control/data communications from/to multiple cells, it can also improve data reliability and robustness, which can be very stringent for URLLC scenario, 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 [4].
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 has sent a Measurement Report (MR) to the source gNB and is yet to receive a RRC Reconfiguration message.
· Phase 2: The UE has received 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, which corresponds to the time when the target gNB is being added as a secondary gNB upon request of the source gNB.

RAN1 Impact
· Simultaneous DL control/data from multiple cells to a UE as identified in the phases 3 and 4 has RAN1 specification impacts. These impacts are mainly on the multiple PDCCH-based multi-TRP/panel transmission which is agreed to be supported in Rel-16 [2], where a UE has multiple links from multiple TRPs, each with individual PDCCH/PDSCH, with details currently being discussed in MIMO WID. The focus is on the non-coherent joint transmission (NCJT) for DL data from multiple TRPs, with ideal or non-ideal backhaul using multiple PDCCHs. The separate ACK/NACK payload/feedback for the received PDSCHs is also agreed to be supported [3]. It is actually a part of UL control that corresponds to simultaneous DL transmissions. Moreover, it is understood that the focus of multi-TRP transmission is on the intra-frequency transmission links from multiple TRPs, as they can efficiently utilized the resources. The TRPs can be from the same or different cells [5], [6].  When multiple TRPs are from different cells, the simultaneous transmission/reception from those TRPs indicates the support of intra-frequency DC. Therefore, the DC-based HO could be applied to achieve 0ms interruption time. 
· Simultaneous UL control/data/signal identified in phases 3 and 4 has RAN1 impacts, i.e. when UE simultaneously transmits PUCCH/PUSCH/SRS to the source cell, and PUCCH/PUSCH/SRS/PRACH preamble to the target cell. Moreover, UE’s behaviors on how to handle such UL transmissions, in case that the UE is not capable of perform simultaneous UL transmissions, also have RAN1 impacts. 
1.2 Make-before-break solution 
The Make-Before-Break (MBB) solutions are the enhancement 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 releasing the link as in the traditional HO procedure. Multiple MBB solutions have been considered in LTE mobility enhancements [7], the main differences between the solutions are when to release the source link, and the amount of interruption times saved as the source link being kept longer. At the end as agreed in RAN2 #95 for LTE mobility enhancements, the “make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB (correspoding to RACH-less or RACH-based HO, respectively) to minimize/avoid impacts on RAN1 and RAN4. The signaling flow for the LTE MBB as shown in Figure 2 is from [7] . The physical channels and signals associated with links from UE to source and target eNBs at different phases are given in Table 2. These channels and signals actually show that there is no RAN1 impact for LTE MBB as there is no simultaneous DL/UL connections between a UE and source and target eNBs. However, as analyzed in [7], the LTE MBB cannot achieve 0ms interruption time. 
	[image: option1]


[bookmark: _Ref1081625]Figure 2: Signaling flow for LTE MBB [7]

[bookmark: _Ref1082021]Table 2: Summary of DL/UL transmission from/to a particular eNB in LTE MBB
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 1
	Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH



Since NR mobility enhancements target is 0ms interruption time, further enhancement of MBB needs to be considered, i.e. by keeping the source link longer than that of LTE MBB. Various flavors of MBB schemes are discussed/analyzed in [7], with various degrees of interruption time saving and RAN1 impacts. One proposal of enhanced MBB where 0ms can be achieved is discussed in [7] and a similar scheme is expected to be considered in NR, as shown in Figure 3.       
[image: ]
[bookmark: _Ref1082944]Figure 3: Signaling flow for MBB-based HO
Table 3 presents physical channels and signals associated with links from UE to source and target eNBs at different phases of enhanced MBB-based HO that can achieve 0ms interruption time. Note that this enhanced MBB scheme has the same channels and signals at different phases as DC-based solution. Since these channels and signals are used to identify RAN1 impacts, we can conclude that this enhanced MBB as illustrated in Figure 3 and DC-based HO have the same RAN1 impacts as discussed earlier. 
[bookmark: _Ref1083212]Table 3: DL/UL transmission between UE and source/target gNB in MBB-based HO that can achieve 0ms interruption time
	Scenario
	DL/UL channels
	Phase

	
	
	Phase 1
	Phase 2
	Phase 3
	Phase 4
	Phase 5

	Make-
Before-
Break
mobility 
	Source gNB
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH 
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	-

	
	Target eNB
	-
	DL: SS/PBCH
	DL:PDCCH/PDSCH
UL: PRACH Preamble
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH


Observation 1: Only DC-based HO and enhanced MBB that keep the source link until a UE can receive control/data from the target cell can achieve 0ms interruption time, and they have the same RAN1 impacts.
1.3 RACH-less solution
The RACH-less HO solution [8] is another enhancement on the traditional HO procedure in which the UE does not perform contention-free or contention-based random access in order to acquire the Timing Advance (TA) and Power Control (PC) commands from the target cell.  RACH-less solutions have also been considered in LTE mobility enhancements [9], and only limited scenario with TA = 0 or TA_source =TA_target are supported.  
RAN1 Impact
As NR aims to support many challenging scenarios, e.g. high speed train, remote driving [10], the possible RAN1 impacts are:
1. Timing Advance (TA):Other specific UE reference signals and measurements can be used to obtain TA without RACH, and the corresponding UE’s behaviors need to be specified if needed;
2. Power control (PC): how to obtain PC without RACH for the initial transmission of PUSCH, when there is no power-ramping mechanism, possible of using other reference signals for PL estimation, and the corresponding UE’s behaviors; 
3. UL grant for initial PUSCH transmission:  normally UL grant would have been carried in Random Access Response (RAR) message if RACH is performed. For RACH-less HO, pre-allocated resource can be configured in RRC reconfiguration message for HO or SCG addition, for use in the UL transmission of RRC connection reconfiguration complete message. Moreover, the configuration of configured grant type 1 from the source gNB for subsequent PUSCH transmissions to target gNB can also be transmitted in HO commend. 
Observation 2: RAN1 impacts on RACH-less HO are how to obtain timing advance, power control and UL grant for initial PUSCH transmission.
1.4 Conditional HO solution
The Conditional HO solution is another enhancement on the traditional HO procedure in that a network provides to a UE some candidate cells configurations in the HO preparation phase, when the source-cell link is still good, together with a HO triggering condition(s).  Then, the UE evaluates whether the condition is met, and if so the UE triggers the access to the target cell, in the HO execution phase. After that, similar to the traditional HO, the HO completion phase is followed.
RAN1 Impact
This solution itself does not have direct RAN1 impact. However, it is possible that the source cell can also trigger the HO, after the pre-configuration is done. Then, there can be RAN1 impact if a PHY-layer signaling is used instead of RRC signaling to achieve the faster HO triggering.  
1.5 Fast handover failure recovery solution
Similar to LTE, in NR, the timer T310 is triggered upon detecting physical layer problems for the SpCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers. At the expiry of T310, the Radio Link Failure (RLF) is declared, and if security is not activated, go to RRC_IDLE, otherwise initiate the connection re-establishment procedure. In LTE, there is timer T312 triggered, when T310 is still running and UE sends measurement report to the NW. Upon the expiry of T312, the UE can initiate the connection re-establishment procedure, even when the T310 has not expired. Similar to LTE T312 is proposed for NR as the fast handover failure recovery solution.   
RAN1 Impact
This solution itself does not have direct RAN1 impact. However, if considering to define new procedures for the purpose of fast HO recovery, e.g. fast RRM procedure, L1/L2 beam failure recovery, fast radio link failure, or more candidate target cells for RRM which can be relevant/considered and generally can be used to improve other mobility enhancements solutions as well, then there are some RAN1 impact wherein. 
Observation 3: Direct RAN1 impacts on conditional HO and fast HO failure recovery solutions are limited.
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. 
Observation 1: Only DC-based HO and enhanced MBB that keep the source link until a UE can receive control/data from the target cell, can achieve 0ms interruption time, and they have the same RAN1 impacts.
Observation 2: RAN1 impacts on RACH-less HO are how to obtain timing advance, power control and UL grant for initial PUSCH transmission.
Observation 3: Direct RAN1 impacts on conditional HO and fast HO failure recovery solutions are limited.
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