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1. Introduction 
[bookmark: _GoBack]Below is the justification and objectives of the New WI “NR mobility enhancements” [1].:
Justification:
Furthermore, in NR, 0ms interruption is one of the requirement to provide seamless handover UE experience. Mobility performance is one of the most important performance metric for NR. Therefore, it is important to identify handover solution to achieve high handover performance with 0ms interruption, low latency and high reliability. In Rel-15 NR, 0ms interruption time can be achievable by using intra-cell using beam mobility and addition/release of SCell for CA operation. However, there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios.
Therefore, to reduce HO/ SCG change interruption time and to improve HO reliability should be the use cases and requirements in Release 16. The mobility enhancements should be applied to both inter-/intra-frequency HO/SCG change. The mobility enhancements should not be limited to the high frequency range although challenges/channel characteristic in high/med frequency should be considered. 
Objective:
· 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 
Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies
In this document, we discuss the clarifications required for the mobility interruption time definition and performance requirements for different HO scenarios in NR Rel.16.  
2. Discussion
Mobility Interruption Time definition clarification
The key justification for NR rel.16 mobility enhancements WI is to support “0ms mobility interruption time requirement during handover and provide seamless handover experience to the UE.”
Below is the definition of 0ms interruption time from [2]:
7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.
This KPI is for both intra-frequency and inter-frequency mobility for intra-NR  mobility
According to this definition, in order to achieve 0ms interruption on both UL and DL, the user plane data (i.e. the PDCP packets) should be transmitted and received without any gaps during mobility from source cell to the target cell. However, whether a UE can tx/rx data in slot n with source cell  and in slot n+1 with target cellB without any gaps is dependent on the factors below:
· Type of handover
· Intra-Freq or Inter-freq HO
· Intra-CU or Inter-CU HO
· Sync vs async HO
· UE RF chain capabilities (Ex: Dual Rx/Dual Tx, Dual Rx/Single Tx, Single Rx/Single Tx RF Chains)
· UE RF chain capabilities impact which type of handover can be supported with 0ms HO
· UE L2 stack implementation 
· NW implementation of the lossless HO features 
Considering these multiple factors, it should be noted that it is not always possible to achieve 0ms mobility interruption time. 0ms interruption time may be achievable for both UL(Uplink)/DL(Downlink) user data in some HO scenarios (Dual Tx/Dual Rx UE with simultaneous connectivity), only achievable on DL in some other HO scenarios (e.g. Single Tx/Dual Rx with DL simultaneous connectivity) or not achievable on either UL or DL in some HO scenarios (e.g. single Tx/single Rx). Thus, it is necessary to provide separate definition of UL(Uplink) data interruption and DL(Downlink) data interruption. 
[bookmark: _Toc532827062][bookmark: _Toc532827214][bookmark: _Ref532827453][bookmark: _Toc532827475][bookmark: _Toc532827532][bookmark: _Toc532827586][bookmark: _Toc532898183][bookmark: _Ref532898365][bookmark: _Ref532898369][bookmark: _Ref535405020][bookmark: _Hlk532898284]Observation 1. Due to different UE Rx/Tx chain capabilities and Network implementation of HO procedures, it is possible to have different mobility interruption time for DL and UL during HO.
[bookmark: _Ref535405072]Proposal 1. Capture the following definitions of mobility interruption time in the specifications to clarify the difference between the UL/DL mobility interruption time:
· UL mobility interruption time: the duration between the time when UE loses data transmission capability at the source base station and the time when the UE can resume data transmission at the target base station.
· DL mobility interruption time: the duration between the time when UE loses data reception from the source base station and the time when the UE can start data reception from the target base station.
· 0ms mobility interruption time: where both the UL and DL mobility interruption times are 0 ms during HO.
Mobility Interruption Time requirement clarification
From  [3], sources of latency during handover execution in typical LTE HO are visualized in Figure 1. These handover interruption components are the same for a typical NR HO. However, the latency for each of these components differ for NR compared to LTE Rel.8/Rel.9 as shown in Table 1.
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Figure 1: Service interruption time in handover
	Component/ Step
	Description
	Rel-8/Rel-9 LTE Time (ms)*
	NR Rel-16 HO 

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15
	[0-15] (NOTE1)

	8
	SN Status Transfer
	0
	0

	9.1
	Target cell search
	0
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20
	[0-20] (NOTE2)

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5
	[0-0.5/2.5](NOTE3)

	9.4
	PRACH preamble transmission
	1
	[0-1](NOTE3)

	10
	UL Allocation + TA for UE
	3/5
	[0-3/5](NOTE3)

	11
	UE sends RRC Connection Reconfiguration Complete
	6
	[0-6](NOTE3)

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5
	[0-45.5/49.5]


Table 1: Minimum/Typical radio access latency components during handover
NOTE1: Dependent on the simultaneous data tx and RRC processing capability of the L2 stack
NOTE2: UE processing time for RF/baseband re-tuning varies based on the RF chain capabilities of the UE, type of handover (intra-freq, inter-freq, sync vs async). 
NOTE3: RACH-delays can be 0ms or hidden for a UE that can support simultaneous data transmission on source cell while performing RACH on target cell. Otherwise, RACH-delays vary based on the NR numerology.
[bookmark: _Hlk532896582]As compared in Table 1, there are multiple components of handover interruption that vary based on the RF chain capabilities of the UE and the handover type. Thus, 0ms UL or DL mobility interruption time is not achievable in all cases, and it is essential to define the performance expectations under each of the different HO scenarios. We understand that this is not in the scope of RAN2 and thus request RAN2 to send an LS to RAN4/RAN1 to define the performance expectations.
[bookmark: _Ref535405025]Observation 2.  UL and DL mobility interruption time of 0ms is not possible in every HO scenario. The UL/DL mobility interruption time varies based on the UE Rx/Tx chain capabilities and the type of HO (Intra-Freq/Inter-Freq with sync/async gNBs, Intra-CU vs Inter-CU HO) performed.
[bookmark: _Ref535405077]Proposal 2. RAN2 should send an LS to RAN4/RAN1 to request the UL/DL mobility Interruption time expectations for UEs with different Rx/Tx chain capabilities (Dual Tx/Dual Rx, Single Tx/Dual Rx, Single Tx/Single Tx UEs) under the below HO scenarios: 
· Intra-Freq HO, both sync and async cases
· Inter-Freq HO, both sync and async cases  
· FR1->FR1, FR2->FR2, FR1->FR2, FR2->FR1
· Source gNB and target gNB with same numerology, same channel bandwidth 
· Source gNB and target gNB with different numerology, different channel bandwidth
Service Interruption Time clarification
The service interruption time is not the same as the mobility interruption time. It is strongly dependent on the traffic patterns of the service in addition to the UE capabilities. That is, if there is no data queued in the buffer during a handover, then the mobility interruption time >0ms has no impact on the user experience. This could happen with some services (like voice, instant messaging, IOT applications, AR/VR) that transmit periodically small data packets. For example, if a service provides a packet every 20 ms and the UL data interruption time is only 10 ms, then the UL service interruption time can be 0 ms if the HO is timed correctly with respect to the data arrival time. 
[bookmark: _Ref535405029]Observation 3. UL/DL Mobility interruption time >0ms does not always result in Service Interruption, i.e. user data transmission interruption, for the user. 
[bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. Due to different UE Rx/Tx chain capabilities and Network implementation of HO procedures, it is possible to have different mobility interruption time for DL and UL during HO.
Observation 2.  UL and DL mobility interruption time of 0ms is not possible in every HO scenario. The UL/DL mobility interruption time varies based on the UE Rx/Tx chain capabilities and the type of HO (Intra-Freq/Inter-Freq with sync/async gNBs, Intra-CU vs Inter-CU HO) performed.
Observation 3. UL/DL Mobility interruption time >0ms does not always result in Service Interruption, i.e. user data transmission interruption, for the user. 
Proposal 1. Capture the following definitions of mobility interruption time in the specifications to clarify the difference between the UL/DL mobility interruption time:
· UL mobility interruption time: the duration between the time when UE loses data transmission capability at the source gNB and the time when the UE can resume data transmission at the target gNB.
· DL mobility interruption time: the duration between the time when UE loses data reception from the source gNB and the time when the UE can start data reception from the target gNB.
· 0ms mobility interruption time: where both the UL and DL mobility interruption times are 0 ms during HO.
Proposal 2. RAN2 should send an LS to RAN4/RAN1 to request the UL/DL mobility Interruption time expectations for UEs with different Rx/Tx chain capabilities (Dual Tx/Dual Rx, Single Tx/Dual Rx, Single Tx/Single Tx UEs) under the below HO scenarios:
· Intra-Freq HO, both sync and async cases
· Inter-Freq HO, both sync and async cases  
· FR1->FR1, FR2->FR2, FR1->FR2, FR2->FR1
· Source gNB and target gNB with same numerology, BWP 
· Source gNB and target gNB with different numerology, BWP 
4. References
[1] RP-181433   New WID: NR mobility enhancements
[2] 3GPP TR 38.913 V14.3.0 (2017-06), Study on Scenarios and Requirements for
 Next Generation Access Technologies
[3] 3GPP TR 36.881 V14.0.0 (2016-06), Study on latency reduction techniques for LTE
3GPP
image1.png
RACH related delay

RRC signaling processing . L )
HO Command / Layer 2/3 reconfiguration RRCConnectionReconfigurationComplete
M UE processingtime Ty RACH RAR ¥

: P — |

RRC procedure delay  Up10 Tinempt
e >

Service interruption time





