
[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #107bis                                                     R2-1912296
Chongqing, CN, 14th - 18th Oct 2019                                           Revision of R2-1908932	

Agenda item:	6.9.2
Source:	Qualcomm Incorporated
Title:	DAPS HO support for simultaneous Tx not feasible scenarios
WID/SID:	NR mobility enhancements 
Document for:	Discussion and Decision
1. Introduction 
New WI “NR mobility enhancements” [1] specifies to consider the “UE capability on the number of Tx/Rx chains” aspect for the solutions studied to reduce mobility interruption time. In this document, we discuss the potential issues and the solutions for supporting Dual Active Protocol Stack (DAPS) HO for UEs with different Tx/Rx RF chain capabilities.
2. Discussion
The definition of 0ms interruption time from [2] is copied below:
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, to support 0ms mobility 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 one gNB to another gNB. 
DAPS HO is one of the solutions agreed during the study phase to reduce the mobility interruption time as part of the New WI “NR mobility enhancements” [1]. To support 0ms UL/DL mobility interruption time with DAPS HO, UE has to support simultaneous Tx/Rx with the source cell and target cell without any gaps in the data transmission. That is, the UE needs to support atleast dual Tx/Dual Rx chain capability. 
[bookmark: _Ref536803033]Observation 1. Simultaneous connectivity during DAPS HO to achieve 0ms UL/DL mobility interruption time requires simultaneous Tx/Rx capability on the UE.
RAN1/RAN4 LS replies[3],[4] submitted to RAN2#106 indicate the below on simultaneous Tx/Rx feasibility: 
· Simultaneous Rx feasible for dual Rx UEs
· DL PDSCH on both source and target connections can be Rx simultaneously
· No simultaneous Tx possible for FR1 for below cases
· Intra-Freq Intra-band, Inter-Freq Intra-band async HO for dual Tx UEs
· single Tx UEs
· Simultaneous Tx/Rx for FR2<->FR2 HO is not feasible 
[bookmark: _Ref536803034]Observation 2. Simultaneous Tx capability may not be supported by some UEs (single Tx/dual Rx), and may not be possible to use in some HO scenarios (e.g. Intra-Freq async HO) even for a dual tx/dual Rx UE.
Figure 1 below shows an example of the mobility interruption due to no support of simultaneous Tx capability on the UE. In this example, UE is assumed to have simultaneous Rx capability and tune away is not required for the Rx chain. On receiving the DAPS HO command, UE tunes away the Tx chain to target cell to perform PRACH Tx on the target cell as shown at step 1. After the PRACH tx, UE waits for RAR and sends RRC Reconfiguration Complete to the target cell at step 2. Thus, the Tx chain is not available for any UL data tx on the source cell between step1 and step 2 during the DAPS HO and this results in UL data interruption for any data waiting for Tx. The DL data on source cell may also experience some delays due to no HARQ feedback Tx on the source cell for any DL data sent on the source cell during the time UE is performing HO execution to the target cell. Thus, the mobility interruption time achievable on UL and DL is dependent on the UE RF chain capabilities, and, can be >0ms when UE cannot support simultaneous Tx/Rx during DAPS HO.


[bookmark: _Ref536803032]Figure 1. Mobility Interruption during DAPS HO for Single Tx, Dual Rx UE
However, it should be noted that the service interruption time experienced by a service is not the same as the mobility interruption time. The service interruption time 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 DAPS handover, then the mobility interruption time >0ms due to the device Tx/Rx chain tune away has no impact on the user experience. 
[bookmark: _Ref536803035]Observation 3. UL/DL Mobility interruption time >0ms does not always result in Service Interruption, i.e. user data transmission interruption.
Services like voice, instant messaging, IOT applications, AR/VR transmit periodically small data packets, and, can tolerate some unavailability of the Tx/Rx chain. For example, if a service provides a packet every 20 ms and the RACH to the target cell is executed between the packet arrival times, then UL/DL service interruption time can be 0 ms for the service. Such services which can tolerate a mobility interruption time of >0ms, without any impact to user experience, can benefit from DAPS HO even while running on a UE with no simultaneous Tx capabilities. 
[bookmark: _Ref536803038][bookmark: _Ref535405080]Proposal 1. Support DAPS HO for the FR1<-> FR1, FR2<->FR2, FR1<->FR2 HO scenarios where the UE cannot support simultaneous Tx.
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. Simultaneous connectivity during DAPS HO to achieve 0ms UL/DL mobility interruption time requires simultaneous Tx/Rx capability on the UE.
Observation 2. Simultaneous Tx capability may not be supported by some UEs (single Tx/dual Rx), and may not be possible to use in some HO scenarios (e.g. Intra-Freq HO) even for a dual tx/dual Rx UE.
Observation 3. UL/DL Mobility interruption time > 0ms does not always result in Service Interruption, i.e. user data transmission interruption.
Proposal 1. Support DAPS HO for the FR1<-> FR1, FR2<->FR2, FR1<->FR2 HO scenarios where the UE cannot support simultaneous Tx DAPS
4. References
[bookmark: _GoBack][1] RP-192277 New WID: NR mobility enhancements
[2] TS 36.881		Study on latency reduction techniques for LTE
[3] R2-1905423  Reply LS on NR mobility enhancements
[4] R2-1905530 Reply LS on NR mobility enhancement

3GPP
image1.emf
     PDSCH

Source gNB 

connection

Target gNB 

connection

UL

DL

UL

DL

MBB HO Execution 

P

D

C

C

H

RRCReconfiguration

RAR

RRCReconfigurationComplete

DL Data Transmission delays (due to no HARQ feedback)

PUSCH

PUCCH

     PDSCH

P

D

C

C

H

PUSCH

PUCCH

     PDSCH

P

D

C

C

H

     PDSCH

P

D

C

C

H

SSB

PRACH

     PDSCH

P

D

C

C

H

PUSCH

PUCCH

PUSCH

PUCCH

RRCReconfig(Release source)

     PDSCH

P

D

C

C

H

     PDSCH

P

D

C

C

H

PUSCH

PUCCH

UL Data Interruption

1

2


Microsoft_Visio_Drawing.vsdx

PDSCH
Source gNB connection
Target gNB connection
UL
DL
UL
DL
MBB HO Execution
PDCCH

RRCReconfiguration

RAR
RRCReconfigurationComplete
DL Data Transmission delays (due to no HARQ feedback)
PUSCH
PUCCH
PDSCH
PDCCH
PUSCH
PUCCH
PDSCH
PDCCH
PDSCH
PDCCH
SSB
PRACH
PDSCH
PDCCH
PUSCH
PUCCH
PUSCH
PUCCH

RRCReconfig(Release source)
PDSCH
PDCCH
PDSCH
PDCCH
PUSCH
PUCCH
UL Data Interruption
1
2



