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1. Introduction
In RAN2#105bis meeting, the UE and the network side impacts of single/dual protocol stacks was discussed. Most companies agreed to support single PDCP entity due to being simpler for specification. Furthermore, the result of offline discussion was provided in contribution [1], where the following conclusions were agreed:
· Proposal 1:  Confirm that the current modelling of PDCP entity for source eNB/target eNB and UE in TS36.323 can be reused for option 0. 
· Proposal 2:  Confirm that the current modelling of PDCP entity for source eNB/target eNB and UE in TS36.323 can be reused for option 1. FFS whether current modelling of PDCP entity can be reused for option 2. 

· Proposal 3:  Agree the modelling in Figure 2 with single PDCP entity for option 3 for the UE side. 

· Proposal 4: Consider both single UL new data transmission and dual UL new data transmission. Down-select one in the next meeting. 

· Proposal 5: Agree the UL UP handling at the network side in Figure 3 for single UL new data transmission. 

· Proposal 6:  Use the UL UP handling at the network side in Figure 4 for dual UL new data transmission as baseline. FFS whether reordering and in-sequence delivery are performed by the source eNB or the target eNB.
In this contribution, we focus on the single UL new data transmission and dual UL new data transmission for single PDCP entity and provide some observations and proposals. 
2. Discussion
In uplink, theoretically, the new PDCP SDUs can be stopped submitting to the source cell after the UE has successfully accessed the target cell. But it might lead to more end-to-end transmission interruption in uplink. According to last email discussion[1], there are two options for UL UP Handling with dual active protocol stack
· Option 1: Single UL new data transmission
· Option 2:  Dual UL new data transmission
The main principle of option 1 is that once the UE receives the first UL grant from the target cell, it will only transmit the uplink packets towards the target cell, while for the source cell, only the acknowledge information for downlink transmission, CSI feedback, and optionally the unsuccessfully transmitted uplink packets can be continued to transmit.
The behavior of UE is that once the first UL grant from the target cell is received, the PDCP entity indicates the data available to the target MAC according to the amount of data in the buffer, and triggers the corresponding BSR report., Thedecision on the data to be transmitted is taken according to the uplink grant received. On the other hand, the PDCP entity indicates to the source MAC that the data available is 0 in the buffer. These uplink PDCP PDUs buffered in the source RLC entity may be continued to transmit. At the same time the source RLC entity is responsible for confirming the DL PDUs from the source cell.
Such mechanism, at the network side, requires that new PDCP SDUs can be handled only at the target cell, including re-ordering, RoHC, deciphering and so on, as shown in the figure below.
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Figure 1 The single UL new data transmission option at network side
Accordingly, the behavior of the network side is that only the old PDCP PDUs are handled in the source cell, and then sequentially forwarded to the core network. In addition, the source cell will independently initiate the uplink transmission status report to target cell and stop the data delivery between RAN and core network. The triggering time may be at the time that after receiving the handover completion message from the target cell, or according to the radio link condition of the source cell, or according to the end marker indicator from the core network, which is upon RAN3. At the target side, the path switch procedure will be triggered after receiving the successful access indication from the UE. For the received uplink packets will be stored in the target cell until the uplink transmission towards the core network is initiated after the path switch procedure.
The advantage of this option is to reduce the amount of data transmitted repeatedly in uplink so that the transmission power of the UE can be saved and the uplink interference can be reduced in intra-frequency case. However, the disadvantage of this option is that in case the channel quality of the source cell is still  reasonable for transmission of UL data, it can’t continue to transmit more PDCP SDUs to the source cell and further forward them to the core network. On the other hand, it requires the generation of BSR towards the target first after the first UL grant reception, which introduces additional delay over the air interface. Therefore this option will increase the uplink interruption time. Secondly, the single UL transmission option relies on the first UL grant reception for switching to transmission of new data on the target, but it is not a reliable mechanism, on the contrary, network explicitly release of the source is more reliable from the signaling point of view.
Observation 1: The single UL new data transmission option will increase the uplink interruption time in case the channel quality of the source cell is reasonable for UL transmission and leads to unreliable switching behavior of the UE. However, it can save the transmission power of the UE and may reduce some uplink interference in intra-frequency case.
For option 2, the main principle is that once the first UL grant from the target cell is received by the UE, it will allow the transmission of duplicate uplink packets at both the source cell and the target cell until the source cell is released .
The behavior of the UE is that once the first UL grant from the target cell is received, PDCP indicates the data available to source MAC and target MAC according to the amount of data in the buffer, and triggers the corresponding BSR reports, and then sends the duplication packets according to the uplink grants received.
Such mechanism requires both the source cell and target cell have independent handling for new PDCP PDUs, including re-ordering, ROHC, deciphering and so on, see the figure below.
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Figure 2 The dual UL new data transmission option at network side
Accordingly, the behavior of the network side is that the source cell will continue to handle the received new PDCP PDUs and then sequentially forward them to the core network. In addition, same as option 1, the source cell will independently initiate the uplink transmission status report to the target cell and stop the data transmission between RAN and core network, and the trigger condition is upon RAN3. At the target side, the path switch procedure will be triggered after receiving the successful access indication from the UE.  The received uplink packets will be stored in the target cell until the uplink transmission towards the core network is initiated after the path switch procedure.
The advantage of the option is that it can continue to transmit more new PDCP SDUs to the source cell and forward them to the core network. This will further reduce the uplink interruption time. Secondly, it can increase the reliability on data transmission since the switching to the target cell is not based on the first UL grant reception. Thirdly this option can apply for various application scenarios, e.g, URLLC/IIoT scenarios, where duplicate UL transmission is used to improve the reliability. However, the disadvantage is that it increases the amount of data transmitted  in the uplink, so it needs to consume more transmission power of the UE, and it might bring more uplink interference in the intra-frequency case. Therefore, the option for dual UL new data transmission should be configurable from the network as appropriate for the scenario and use case.
Observation 2: The dual UL new data transmission option will reduce the uplink interruption time in case the channel quality of the source cell is reasonable for UL transmission, and increase the reliability on data transmission. This can apply for various application scenarios, but it can consume more transmission power of UE and potentially bringing some uplink interference in intra-frequency case. Therefore, the dual UL new data transmission should be configurable by the network.
In summary, both options have advantages and disadvantages. For option 2, its impact on the UE power and interference depends mainly on when the source cell is released, or the radio link quality of the source cell, which is generally thought to be very short. Upon the first UL grant is received, the target cell can initiate explicit source cell release command at any time. In addition, the option 2 basically reuses the UL PDCP duplication mechanism,  it has no further protocol impact except for handling two security & ROHC contexts. Hence we propose: 
Proposal: RAN2 to study this dual UL new data transmission option for single PDCP entity as a potential solution. 
3. Conclusion

According to the analysis in section 2, we have the following observations and proposal:

Observation 1: The single UL new data transmission option will increase the uplink interruption time in case the channel quality of the source cell is reasonable for UL transmission and leads to unreliable switching behavior of the UE. However, it can save the transmission power of the UE and may reduce some uplink interference in intra-frequency case.
Observation 2: The dual UL new data transmission option will reduce the uplink interruption time in case the channel quality of the source cell is reasonable for UL transmission, and increase the reliability on data transmission. This can apply for various application scenarios, but it can consume more transmission power of UE and potentially bringing some uplink interference in intra-frequency case. Therefore, the dual UL new data transmission should be configurable by the network.
Proposal: RAN2 to study this dual UL new data transmission option for single PDCP entity as a potential solution.
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