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[bookmark: _Ref298777854]Introduction
In RAN2#97, the following has been agreed.
Agreements
1	We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
That is, we need to find solution to support 0 ms interruption during handover from source to target cell when UE support dual Tx/Rx.
In this contribution, we will discuss how this target can be fulfilled.
Discussion
The definition of 0 ms interruption is from 38.913 which is listed 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.

According to this requirement, it means UE need to at least transmit/receive PDCP packet with source at subframe N, and then transmit/receive PDCP packet with target at subframe N+1, otherwise 0ms interruption is not satisfied. 
Since during handover, the frequency that UE handover to can be either the same (intra-frequency) or different (inter-frequency), and the UE can be either in single connectivity or dual connectivity, there are different scenarios to consider to support 0ms interruption. 
In below, we will first consider the simple case, inter-frequency normal handover, and then discuss the other cases. 
Normal inter-frequency handover 
In this case, the UE is assumed to have dual Tx/Rx chain.  
To support 0ms interruption during handover, both source cell and UE should continue communicate with each other after the source node sends HO command to the UE. The connection between the source and the UE can be released only after UE can receive PDCP packets from the target cell/target MgNB. 
Therefore, to support 0 ms interruption, after receiving HO command, UE should only release its connection with source cell once it can receive packet from target cell. Correspondingly after sending HO command to UE, source cell should continue serve UE in parallel to forward data to target cell so that target cell is ready to serve UE when UE connect to target cell.  
The whole signalling procedure to support 0ms interruption is illustrated in Figure 1 below.
[image: ]
Figure 1 Flow chart during handover to support 0ms interruption
Step 1 to 5, same as those step in LTE, so no further explanation.
Step 6: Source send UE a handover command, i.e. RRCConnectionReconfiguration with MobilityControlInfo, where security KEY for target cell is included and also an indicator to inform UE to do 0ms interruption handover.
Note 1: Source can start to forward PDCP packet to target
Step 7: UE then start to synchronize with target cell, but keep its connection with target
Step 8: UE synchronized with target cell
Step 9: Target cell start to schedule UE in uplink
Step 10: UE send RRCConnectionReconfigurationComplete message to UE
Note 2: Now target can start to send UE PDCP packet. At the same time, source may continue send UE PDCP packet
Step 11: UE needs to distinguish PDCP packet from source and target cell
Note 3: The PDCP packet received by UE from target may be a duplication from source. But this still meet 0ms interruption requirement. Avoiding duplication over the air can be left to further NW implementation  
Step 12: UE detach from source cell
Step 13: Source cell send SN status transfer message to target cell
Step 14: Target inform source to release UE context
Step 15: Source release resource for UE 
As can be seen in the figure, there could be some overlap duration that UE will receive PDCP packet from source cell and the PDCP packet received from target cell simultaneously. This is because UE cannot know exactly when target will send PDCP packet to it so that it can detach from source right before that time to avoid receiving PDCP packet from both source and target concurrently and still meet 0 ms interruption requirement. 
As different security KEYs are used at the two cells and only one PDCP entity is used to handle these packets during handover, UE need to identify which PDCP packet is from which cell so that it can decipher packets correctly.
One solution is that two RLC/MAC entities are setup during this transition period with one corresponds to data transmission/reception with source and the other corresponds to data transmission/reception with the target. UE PDCP entity then can identify where the packet comes from by checking which RLC entities deliver packets to PDCP. This is illustrated in Figure 2 below.
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Figure 2 UE internal protocol stack to support 0 ms interruption
Based on the above analysis, we have the following proposals.
[bookmark: _Toc478124524][bookmark: _Toc478124544][bookmark: _Toc478164292][bookmark: _Toc478170248][bookmark: _Toc481831645][bookmark: _Toc481831681]After receiving HO command, UE should not release its connection with the source cell until it can receive PDCP packet from target cell to meet 0 ms interruption requirement
[bookmark: _Toc478124525][bookmark: _Toc478124545][bookmark: _Toc478164293][bookmark: _Toc478170249][bookmark: _Toc481831646][bookmark: _Toc481831682]How to decode PDCP packet from both source and target concurrently is an implementation issue in UE. 
Besides UE, the source cell also needs to know when it does not need to serve this UE anymore. The source cell can know such information via legacy LTE procedure, i.e. when the target cell requests the source cell to release UE context after the target cell gets Path Switch Request Ack from the core network. If such delay is regarded as a bit long, source can also sense that UE has left it by checking the HARQ/RLF feedback from UE. That is, it is up to source node implementation, as was also the approach selected for the Rel-14 solution. 
[bookmark: _Toc478124590][bookmark: _Toc478170246][bookmark: _Toc481831687]RAN2 does not need to specify the solution about how source node know when not to schedule UE anymore
Another impact at the source cell to support 0ms interruption is when/how to transfer SN status transfer message. In normal handover, the source cell will send to the target cell a SN status transfer message once it sends HO command to the UE. As the source cell will not serve the UE after it has sent HO command to the UE, the SN in the SN status transfer message can be determined. To support 0ms interruption, the source needs to continue serve the UE after send HO command. Then it is not possible to determine which SN it will not use for the PDCP packet. 
[bookmark: _Toc478124591][bookmark: _Toc478170247][bookmark: _Toc481831688]Source gNB cannot determine the SN to be assigned to PDCP SDU for target cell when it send HO command to the UE as it need to continue serve UE.
As in LTE, the timing of the SN status transfer message can be left for network implementation. The source cell will not send status transfer message to the target cell after it send a HO command to the UE. The source cell just forwards PDCP SDU with SN assigned by it to the target cell. Source cell sends SN status transfer message to target cell after it know it does not need to serve UE anymore. This is of course still need RAN3 to decide.
[bookmark: _Toc478124526][bookmark: _Toc478124546][bookmark: _Toc478164294][bookmark: _Toc478170250][bookmark: _Toc481831647][bookmark: _Toc481831683]Transmission timing of the SN status transfer message is left for network implementation, as in Rel-14.
Normal intra-frequency handover 
For intra-frequency handover, from whole signalling procedure perspective, we do not think there are difference between inter-frequency and intra-frequency to support 0 ms interruption during handover. The major issue for intra-frequency is whether it feasible to support intra-frequency DC. 
For UE with single Tx/Rx, TDM solution between two legs could be a solution, but it may require good synchronization between source and target node. For UE with dual Tx/Rx, it is possible to work in a asynchronous network. FDM between two legs seems possible. Anyway need to wait the LS from RAN4.
From protocol stack perspective, UE with single Tx/Rx chain will only have one PHY entity during the transition period, but it should still setup dual RLC entities which help PDCP entity to identify which security KEY is used for incoming PDCP packet. 
[bookmark: _Toc481831648][bookmark: _Toc481831684]If intra-frequency DC is feasible, the same signalling procedure is applied to support 0 ms interruption for intra-frequency handover as for inter-frequency handover. 
Handover when UE is in DC
Regarding handover when UE is in DC, we think it is not necessary to design a new procedure to support 0 ms interruption. The signalling procedure shown above in Figure 1 can be used as well. Some little difference is that target gNB will be first added as a SgNB and then it is changed to MgNB which is shown in Figure 3 below.
[image: ]
Figure 3 0ms interruption support when UE is in DC
[bookmark: _Toc481831649][bookmark: _Toc481831685]The signalling procedure for normal HO is used to change SgNB to new target (M)gNB to meet 0 ms interruption requirement. 
Conclusion
[bookmark: _GoBack]Based on the discussion in section 2, we have the following observation and proposals.
Observation 1	RAN2 does not need to specify the solution about how source node know when not to schedule UE anymore
Observation 2	Source gNB cannot determine the SN to be assigned to PDCP SDU for target cell when it send HO command to the UE as it need to continue serve UE.

Proposal 1	After receiving HO command, UE should not release its connection with the source cell until it can receive PDCP packet from target cell to meet 0 ms interruption requirement
Proposal 2	How to decode PDCP packet from both source and target concurrently is an implementation issue in UE.
Proposal 3	Transmission timing of the SN status transfer message is left for network implementation, as in Rel-14.
Proposal 4	If intra-frequency DC is feasible, the same signalling procedure is applied to support 0 ms interruption for intra-frequency handover as for inter-frequency handover.
Proposal 5	The signalling procedure for normal HO is used to change SgNB to new target (M)gNB to meet 0 ms interruption requirement.
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