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1 Introduction
In RAN2#106 meeting, interruption time definition is discussed, and some agreements were achieved in [1] as following:

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.
Also, in RAN2#106 meeting, how to reduce user data interruption during handover is discussed, and it has agreed [1]:

Agreements

1
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.
Since strict 0ms (if feasible) is required, but without PDCP packet duplication or simultaneous UL PUSCH transmission during handover procedure, it is not possible to achieve strict 0ms user data interruption. In this paper, we would analyze eMBB HO without PDCP packet duplication or simultaneous UL PUSCH transmission. 
2 Discussion
eMBB HO is one solution on table for 0ms user data interruption during handover. Last meeting has agreed that PDCP packet duplication or simultaneous UL PUSCH transmission does not need to be supported. Based on these agreements, we would analyse whether eMBB HO is applicable for strict 0ms user data interruption.
DL data transmission
In eMBB HO, for DL, the UE decides the corresponding key/ROHC context based on which leg the packet is from, i.e. if the packet is from the source gNB, the UE uses the source key/source ROHC context for deciphering/decompression,   and if the packet is from the target gNB, the UE uses the target key/target ROHC context for deciphering/decompression. Without packet duplication, after handover command, the source gNB would send some PDCP PDUs to the UE and forwards some other PDCP SDUs with PDCP SN to the target gNB whose PDCP SNs are different from the ones sent to the UE, and the target gNB can use its ROHC context/key to perform compression/ciphering, then when the UE access to the target gNB successfully, the target gNB can send these PDCP PDUs to the UE. When the UE can receive DL packets from the two legs simultaneously, there is the case that the packets sent by the source gNB which are not received by the UE successfully need to be retransmitted by the target gNB, i.e. the target gNB can use its ROHC context/key to perform compression/ciphering for these failed packets, but it would disorders PDCP SN at the target gNB, and consequently leads to ROHC decompression failure at the UE side, i.e. packet loss occurs for DL reception. Therefore, the reliability requirement of 1-10-5 for 32 bytes with a user plane latency of 1ms can’t be achieved in NR mobility. 
Observation 1: Without packet duplication, packet loss occurs for DL reception in eMBB HO, which impacts NR mobility reliability requirement.
UL data transmission

In eMBB HO, for UL, the UE applies the corresponding key/ROHC context to transmit UL packets to the source gNB or target gNB, i.e. if the packet is to be sent to the source gNB, the UE uses the source ROHC context / source key for compression/ ciphering, and if the packet is to be sent to the target gNB, the UE uses the target ROHC context / target key for compression/ ciphering. Since it has agreed that neither simultaneous UL PUSCH transmission nor UL PDCP packet duplication is supported, and there is a point in time where the UL PUSCH switches from source to target, it means that there is a fixed time point for UL PUSCH switch, i.e. before this time point, the UE only generates and transmits PDCP PDUs to the source gNB, and after this time point, the UE only generates and transmits PDCP PDUs to the target gNB. But there is latency due to UL PUSCH switch and data preparation at the target as the data preparation should be started from a PDCP SDU, in addition, the UE needs to wait for the UL grant for the PDCP PDUs to be sent to the target gNB, i.e only after PDCP PDU(s) towards the target gNB is generated and corresponding UL grant is achieved, the UE can start UL data transmission at the target. Therefore, strict 0ms UL interruption time can’t be achieved in eMBB HO.
Similar as DL data transmission, packet loss also occurs for UL. For example, assuming that the UE starts data handling for fresh PDCP packets at target leg after the UL PUSCH transmission switch time point, when the UE is performing UL packets transmission towards the target gNB, there is the case that the packets sent to the source gNB are not successfully received, thus these packets need to be retransmitted to the target gNB, i.e. the UE can use target ROHC context/key to perform compression/ciphering for these retransmitted packets, but it would disorders PDCP SN at the target gNB, and consequently leads to ROHC decompression failure at the target gNB, i.e. packet loss occurs for UL. In another case, if assuming the UE starts data handling at target leg until receiving PDCP Status report from the target gNB, not only the latency due to UL PUSCH switch, data preparation and UL grant waiting exists, but also the latency due to waiting for PDCP Status report, therefore, a significant interruption is introduced during mobility. 
Observation 2: Without packet duplication or simultaneous UL PUSCH transmission, strict 0ms interruption time for UL can’t be achieved in eMBB HO.
Observation 3: Without packet duplication or simultaneous UL PUSCH transmission, packet loss occurs for UL transmission in eMBB HO, which impacts NR mobility reliability requirement.
Based on the above analysis, without packet duplication or simultaneous UL PUSCH transmission, neither strict 0ms interruption time nor high reliability requirement can be achieved. Even though when supporting packet duplication and UL simultaneous transmission, there are more problems (e.g. common reordering) which have been presented in [2-3], however, 0ms user data interruption during handover is treated as the important and urgent goal “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. And, interruption time reduction in DL to be prioritized, but UL will still be considered”. Thus, packet duplication and simultaneous UL PUSCH transmission should be supported for NR mobility enhancements. Furthermore, DC based solution is preferable compared with eMBB HO solution as shown in [4]. 
Proposal: Packet duplication and simultaneous UL PUSCH transmission should be supported for NR mobility enhancements.
3 Conclusion

This contribution analyzed eMBB HO without PDCP packet duplication or simultaneous UL PUSCH transmission, and has the following proposal:
Observation 1: Without packet duplication, packet loss occurs for DL reception in eMBB HO, which impacts NR mobility reliability requirement.
Observation 2: Without packet duplication or simultaneous UL PUSCH transmission, strict 0ms interruption time for UL can’t be achieved in eMBB HO.

Observation 3: Without packet duplication or simultaneous UL PUSCH transmission, packet loss occurs for UL transmission in eMBB HO, which impacts NR mobility reliability requirement.
Proposal: Packet duplication and simultaneous UL PUSCH transmission should be supported for NR mobility enhancements.
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