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Introduction
In RAN2#106 in Reno, uplink handling during handover with simultaneous connectivity was discussed both for NR and LTE and the following was agreed [1].
LTE:
Agreements

1. Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
	
2	UL PUSCH switches from source to target after reception of the first UL grant from the target eNB

NR:

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.

Thus, both in LTE and NR simultaneous PUSCH transmission does not need to be supported and there is a specific point in time when the UE switches the PUSCH from source to target. For LTE, the agreements go one step further and defines that the switching point occurs at the reception of the first uplink grant from the target node.
In this contribution we analyse the impact of the above agreements and argue why only uplink data transmission should be switched rather than whole PUSCH.  We also discuss what is the appropriate uplink switching point. The discussion applies to both the DC and non-DC based handover solutions.
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Why is switching of uplink transmission needed?
There are several reasons why simultaneous uplink transmission may be difficult to support:
· As pointed out in the LS replies from RAN1 and RAN4, simultaneous uplink transmission requires dual RF transmitter chains and/or dual FFTs which all UEs do not support
· Simultaneous uplink transmission may require that the UE UL transmit power is shared between source and target which reduces the UL SINR and hence the UL data rate.
· For intra-frequency handover, simultaneous UL transmission causes interference between the source and target cell which reduces SINR and hence the UL data rate.
Switching PUSCH from source to target reduces but does not eliminate the need for simultaneous uplink transmission as the UE is still required to perform random access in the target cell (which at least involves transmitting preamble on RACH) and transmit HARQ feedback for DL data on PUCCH in the source cell. Nevertheless, it is still a good idea to minimize the amount of the simultaneous uplink transmission to reduce the impact of the last two issues mentioned above. If the simultaneous uplink transmissions are very few it would also be possible to let the UE prioritize the transmissions in the target cell which means the UE would not need to support simultaneous uplink transmission at all, i.e. the first issue above would be solved.
[bookmark: _Toc11920303][bookmark: _Toc12630782][bookmark: _Toc12634776][bookmark: _Toc16167864][bookmark: _Toc16168814][bookmark: _Toc16172574][bookmark: _Toc16686070][bookmark: _Toc16686087][bookmark: _Toc16686163]Simultaneous uplink transmission should be minimized to avoid uplink power sharing.
[bookmark: _Toc11920304][bookmark: _Toc12630783][bookmark: _Toc12634777][bookmark: _Toc16167865][bookmark: _Toc16168815][bookmark: _Toc16172575][bookmark: _Toc16686071][bookmark: _Toc16686088][bookmark: _Toc16686164]For intra frequency handover, simultaneous uplink transmission should also be minimized to reduce uplink interference between source and target cell.
What parts of the uplink transmission should be switched?
PUSCH is not only used to transmit UL data packets (i.e. PDCP SDUs) but it is also used to transmit L2 control information generated by the MAC, RLC and PDCP sub-layers. Hence, if PUSCH is switched from source to target at handover the source node will no longer be able to receive L2 control information from the UE.
One type of L2 control information that is particularly important is the RLC Status Report which is generated by RLC for data bearers mapped on RLC AM and which is used to provide ACK/NACK feedback to the RLC transmitter. Removing the ACK/NACK feedback can have very negative effects: 
· The source node will treat DL data packets as undelivered which means that it will try to re-transmit them even though they may have already been received by the UE.
· The lack of acknowledgement can result in RLC window stalling in the source node, i.e. no new DL data packets can be transmitted since the RLC window is full and cannot be advanced until an acknowledgement is received.
· The lack of acknowledgement may trigger RLC re-transmissions and when the max number of re-transmissions is reached the source may declare RLF
[bookmark: _Toc11920085][bookmark: _Toc11920305][bookmark: _Toc12630784][bookmark: _Toc12634778][bookmark: _Toc16167866][bookmark: _Toc16168816][bookmark: _Toc16172576][bookmark: _Toc16686072][bookmark: _Toc16686089][bookmark: _Toc16686165]Switching PUSCH means that no RLC ACK/NACK information will be sent from the UE to the source node which means that DL data packets will be treated as undelivered even if they were received by the UE. The lack of RLC ACK/NACK information may also result in window stalling and triggering of RLF in the source node. 
In our view RAN2 did not consider the issue above when it agreed to switch PUSCH during handover. We believe the actual intention was to only switch UL data transmission but still allow the UE to provide RLC ACK/ACK feedback for the DL transmissions from the source node. Therefore, we propose:
[bookmark: _Toc11920086][bookmark: _Toc11920312][bookmark: _Toc12630785][bookmark: _Toc12634779][bookmark: _Toc16167868][bookmark: _Toc16172578][bookmark: _Toc16686073][bookmark: _Toc16686090][bookmark: _Toc16686166]Update the agreement from the last meeting: only UL data transmission is switched from source to target at handover, not the whole PUSCH.
[bookmark: _Toc12634780][bookmark: _Toc16167869][bookmark: _Toc16172579][bookmark: _Toc16686074][bookmark: _Toc16686091][bookmark: _Toc16686167]After the UL switch, the UE (re-)transmits all unacknowledged and new UL PDCP SDUs to the target node.
[bookmark: _Toc11920087][bookmark: _Toc11920313][bookmark: _Toc12630786][bookmark: _Toc12634781][bookmark: _Toc16167870][bookmark: _Toc16172580][bookmark: _Toc16686075][bookmark: _Toc16686092][bookmark: _Toc16686168]The UE can still transmit RLC ACK/NACK feedback (i.e. RLC Status Reports) to the source node after the UL switch.
One open issue is what to do with the UL PDCP SDUs which have already been submitted to the source RLC entity. There are essentially two options:
a) The UE stops UL data transmission to the source node and flushes the source RLC entity’s transmit buffer.
b) The UE continues to transmit UL data to the source node until the source RLC entity’s transmit buffer is emptied
With option b) the amount of simultaneous UL transmissions is increased since UL data is transmitted to both the source and target node until the source RLC entity’s transmit buffer is emptied. However, option b has the advantage that the UE will be able to finish ongoing UL transmissions that have already been partially completed (e.g. if HARQ re-transmission is ongoing for an UL packet or if the UL packet has been segmented by RLC). In this way, the energy and UL resources spent on the previous transmission/re-transmissions will not go to waste. Another advantage with option b is that it is possible for the PDCP entity to continue to transmit UL PDCP control PDUs (i.e. ROHC feedback and PDCP Status Report) on the source leg. With option a it is not clear if this is possible since the source RLC entity may not be able to accept new RLC SDUs once the transmit buffer is flushed as this may cause e.g. RLC sequence numbers to be re-used. Therefore, we propose:  
[bookmark: _Toc12634782][bookmark: _Toc16167871][bookmark: _Toc16172581][bookmark: _Toc16686076][bookmark: _Toc16686093][bookmark: _Toc16686169]After the UL switch, the UE continues to transmit UL data to the source node until the source RLC entity’s transmit buffer is emptied.
[bookmark: _Toc12634783][bookmark: _Toc16167872][bookmark: _Toc16172582][bookmark: _Toc16686077][bookmark: _Toc16686094][bookmark: _Toc16686170]The UE can still transmit PDCP Control PDUs (i.e. ROHC feedback or PDCP Status Reports) to the source node after the UL switch.

Figure 1 illustrates the UL handling on the UE side after the UL switch based on the discussion above. To avoid clogging the figure, only the UL direction is shown.
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When should the uplink data transmission be switched?
The next question to address is when the uplink should be switched from source to target. For LTE it was agreed that the switch is performed at the “reception of the first UL grant in the target cell”. However, it is still unclear what is considered as the first UL grant. In our view the first UL grant should be the first UL grant received after completion of the random access procedure. Thus, the first UL grant will have different interpretations depending on whether the random access is contention free (CFRA) or contention based (CBRA).
· For CFRA, the first UL grant refers to the UL grant received in random-access response (i.e. msg2)
· For CBRA, the first UL grant refers to first UL grant received on PDCCH after contention resolution (i.e. msg4)
[bookmark: _Toc11920091][bookmark: _Toc11920317][bookmark: _Toc12630790][bookmark: _Toc12634784][bookmark: _Toc16167873][bookmark: _Toc16172583][bookmark: _Toc16686078][bookmark: _Toc16686095][bookmark: _Toc16686171]For LTE the UL data transmission is switched to the target cell at the reception of the first UL grant in the target cell, where the first UL grant is the UL grant in the random access response (for CFRA) or the first UL grant received on PDCCH after contention resolution (for CBRA).

We think that the same switching point shall be used also for NR.
[bookmark: _Toc11920092][bookmark: _Toc11920318][bookmark: _Toc12630791][bookmark: _Toc12634785][bookmark: _Toc16167874][bookmark: _Toc16172584][bookmark: _Toc16686079][bookmark: _Toc16686096][bookmark: _Toc16686172]For NR the uplink switching point is the same as in LTE, i.e. uplink is switched at the reception of first UL grant in the target cell.
Conclusion
In section 2 we made the following observations:
Observation 1	Simultaneous uplink transmission should be minimized to avoid uplink power sharing.
Observation 2	For intra frequency handover, simultaneous uplink transmission should also be minimized to reduce uplink interference between source and target cell.
Observation 3	Switching PUSCH means that no RLC ACK/NACK information will be sent from the UE to the source node which means that DL data packets will be treated as undelivered even if they were received by the UE. The lack of RLC ACK/NACK information may also result in window stalling and triggering of RLF in the source node.

Based on the discussion in section 2 we propose the following:
Proposal 1	Update the agreement from the last meeting: only UL data transmission is switched from source to target at handover, not the whole PUSCH.
Proposal 2	After the UL switch, the UE (re-)transmits all unacknowledged and new UL PDCP SDUs to the target node.
Proposal 3	The UE can still transmit RLC ACK/NACK feedback (i.e. RLC Status Reports) to the source node after the UL switch.
Proposal 4	After the UL switch, the UE continues to transmit UL data to the source node until the source RLC entity’s transmit buffer is emptied.
Proposal 5	The UE can still transmit PDCP Control PDUs (i.e. ROHC feedback or PDCP Status Reports) to the source node after the UL switch.
Proposal 6	For LTE the UL data transmission is switched to the target cell at the reception of the first UL grant in the target cell, where the first UL grant is the UL grant in the random access response (for CFRA) or the first UL grant received on PDCCH after contention resolution (for CBRA).
Proposal 7	For NR the uplink switching point is the same as in LTE, i.e. uplink is switched at the reception of first UL grant in the target cell.
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