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Introduction
A way forward for NR mobility enhancement was agreed in RAN4#91, however slide 2 is just for information so the agreements only cover RACHless handover enhancement (slide 2 is agreements on DC based handover)
	R4-1904827	Way forward on NR mobility enhancement
						  CR-  rev  Cat:  () v
					Source: Intel Corporation
Abstract: 

Discussion: 
Agreement: the Slide #2 is just for information.
Decision:		Approved
· RAN4 confirms the feasibility of RACH-less handover in FR1 with zero TA or same TA between source and target cells
· For both intra and inter-frequency scenarios
· For both synchronous and asynchronous deployment
· With same or different SCS in source and target cells
· Feasibility of RACH-less in FR2 is FFS.
· Interested companies are encouraged to provide analysis on RACH-less handover with different TA


 
An LS was also agreed to RAN2 which covers some agreements for simultaneous RX/TX and RACHless handover.
	RAN4 thanks RAN2 for the LS on NR mobility enhancement. In RAN4 #90bis, RAN4 discussed the replies in R4-1902030 (R2-1902601) and R4-166817 (R2-166016) with focus on the difference between LTE and NR and reached the following agreements:
· the replies in R4-1902030 regarding handover/SCG change with simultaneous transmission/reception with source and target cells are also applicable for NR in FR1 on conditions that UL waveform (CP-OFDM vs. SC-OFDM) is the same in both serving and target cells, and SCS is the same for SSB and data in both serving and target cells.
· FFS if the SCS is different among SSB and data in serving and target cell.
· FFS if different waveforms for serving and target cells
· Handover with simultaneous transmission/reception with source and target cells in FR2 is not feasible.
· RACH-less handover for NR with zero or equal TA on FR1 is feasible for intra and inter frequency in synchronous and asynchronous scenarios. 
· FFS if RACH-less handover in FR2 is feasible
· FFS if RACH-less handover with different TA is feasible.

Note: definitions of intra-frequency and inter-frequency in NR are specified in TS38.133 section 9.2.1 and 9.3.1 respectively.




Discussion
In this contribution we discuss further the DC enhancements and conditional handover based work; in another contribution we cover RACHless handover. For DC enhancements, 
The following agreements may be seen from the RAN2 meeting report
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
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.

The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)

Many of the agreements for DC enhancement handover are more related to RAN2 work. Of interest in RAN4 are the agreements that RAN2 is aiming to get either to strict 0ms interruption or close to 0ms interruption on the radio level, and the agreement that simultaneous UL PUSCH does not need to be supported. Nevertheless, this does not preclude simultaneous transmission of other signals such as simultaneous transmission of UL PUSCH to the source cell and PRACH preambles to the target cell. The exact details of the solution are still to be decided.  
We now turn our attention to the RAN4 aspects of DC enhancement handover and conditional handover.
DC Enhancements
The reply LS in [2] covers the basic cases which have similarity to LTE. For these cases, RAN2 still needs to decide on the approach they will take and which scenarios will be supported, so it would be premature to start defining requirements in RAN4. It was also indicated in [2] that handover with simultaneous transmission/reception with source and target cells in FR2 is not feasible. While inter-FR handover with simultaneous RX/TX could be possible from a RAN4 perspective, we note that RAN2 decided already in RAN2#105bis The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)
The cases which are still shown as FFS in [2] are
-	FFS if the SCS is different among SSB and data in serving and target cell.
-	FFS if different waveforms for serving and target cells
Both of these can be considered as baseband processing. For different SCS, separate iFFTs are required to decode according to the configured SCS for each link. It was discussed in RAN4#91 that this would be a different capability than the existing capability to receive SSB with a different SCS than data from one serving cell.  It was also suggested that this would not be a common scenario for intraband handover.
Basically, we agree with the latter point; for interband handover it is rather likely (in some cases almost certain) that different SCS will be used for source and target cell. For interband handover, the baseline assumption is that different RF chains are used, so naturally the simultaneous reception and transmission is also performed with different FFT. For intrafrequency handover it seems to be unnecessary to specify different SCS for simultaneous RX/TX given that most deployments would not use different SCS on source and target cell, and it is always possible to fall back to using legacy HO in any case. Therefore, it does not seem worthwhile to define additional capabilities and requirements, considering that there would be limited usage of the capability anyway. For interfrequency handover within a band with DC enhancement (if specified by RAN2), to ensure that both single FFT and dual FFT approaches can be implemented (adjacent interfrequency HO versus another frequency on the band, for example), we propose that fixed capability related to SCS should be sufficient.
Proposal 1 : Interband HO with DC enhancement allows different SCS to be configured for source and target cell.
Proposal 2: Interfrequency intraband HO with DC enhancement does not support different SCS to be configured for source and target cell
Proposal 3: Intrafrequency HO with DC enhancement support does not different SCS to be configured for source and target cell
Naturally proposals 1-3 only apply to UEs which support the feature (or sub features) and are also conditional on RAN2 deciding to specify a certain case.
For different waveforms between source and target cell, it may be sufficient to assume same uplink waveform. However, we also do not see a major additional complexity for supporting different waveform given that the UE anyway needs to have baseband hardware capability to generate both signals, and the hardware needs to support both modes of operation. So there does not seem to be a big incremental complexity to support mixed CP-OFDM and s-OFDM operation.
Proposal 4 : Simultaneous mixed UL waveform is feasible for DC enhancement based handover, 
Conditional handover
The main discussion on CHO is when to define the start of handover delay. Two options have been considered
The handover delay DCHO in CHO is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted. The interpretation of “handover condition is met” is:
	option 1: the time when actual channel condition is satisfied (before UE realizes the condition).
	option 2: the time when UE realizes the condition is satisfied and HO is executed.
Only option 1 is testable, and moreover option 2 could result in undesirable UE behaviour such as a UE which has excessive delay in evaluating the condition still to meet the requirement. Hence, we propose
Proposal 4 : HO delay starts from the time when actual channel condition is satisfied (before UE realizes the condition).
Then the requirement is proposed to be defined by
DCHO = Ttrigger + Tinterrupt_CHO
Ttrigger: is the delay from the time when condition is met to HO is actually executed:
Ttrigger = TRRC, 1 + Tmeasure + TTTT	
TRRC, 1 : CHO command RRC procedure delay. TRRC, 1 =0 if the time from when the CHO command until the time when the condition is met > RRC procedure delay, otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until 		the condition is met) 
Tmeasure: measurement period on the target frequency layer
TTTT: length of time-to-trigger window if configured, otherwise zero
Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell:
Tinterrupt_CHO = TRRC_2 + Tinterrupt
TRRC_2: time to disconnect with the source cell, e.g. stop timer if running, release UL data compression configuration and etc 
Tinterrupt = TIU + 20+ T∆ (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working group)
Only TRRC_2 is not already known from legacy measurement and handover requirements, and the value can be further discussed. As an initial suggestion, we believe  TRRC_2 should be less than the RRC procedure delay for a handover command, considering that legacy handover also needs to disconnect with the source cell as a first step when performing HO. Indeed, it may be feasible that the 20ms implementation allowance in Tinterrupt is already sufficient.

Conclusions
Proposal 1 : Interband HO with DC enhancement allows different SCS to be configured for source and target cell.
Proposal 2: Interfrequency intraband HO with DC enhancement does not support different SCS to be configured for source and target cell
Proposal 3: Intrafrequency HO with DC enhancement support does not different SCS to be configured for source and target cell
Proposal 4 : HO delay starts from the time when actual channel condition is satisfied (before UE realizes the condition).
Then the requirement is proposed to be defined by
DCHO = Ttrigger + Tinterrupt_CHO
Ttrigger: is the delay from the time when condition is met to HO is actually executed:
Ttrigger = TRRC, 1 + Tmeasure + TTTT	
TRRC, 1 : CHO command RRC procedure delay. TRRC, 1 =0 if the time from when the CHO command until the time when the condition is met > RRC procedure delay, otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until 		the condition is met) 
Tmeasure: measurement period on the target frequency layer
TTTT: length of time-to-trigger window if configured, otherwise zero
Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell:
Tinterrupt_CHO = TRRC_2 + Tinterrupt
TRRC_2: time to disconnect with the source cell, e.g. stop timer if running, release UL data compression configuration and etc 
Tinterrupt = TIU + 20+ T∆ (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working group)
Only TRRC_2 is not already known from legacy measurement and handover requirements, and the value can be further discussed. As an initial suggestion, we believe  TRRC_2 should be less than the RRC procedure delay for a handover command, considering that legacy handover also needs to disconnect with the source cell as a first step when performing HO. Indeed, it may be feasible that the 20ms implementation allowance in Tinterrupt is already sufficient.
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