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Introduction
RUDI (Reduction in User Data Interruption) handover has been agreed to be specified for both LTE and NR. For LTE it has also been agreed that the UL data transmission is switched from source to target upon successful transmission of the handover complete message in the target cell. More specifically, this means that all new PDCP SDUs and all unacknowledged PDCP SDUs (for RLC-AM bearers) will be (re-)transmitted to the target cell after the uplink switch. However, as the UE will continue to receive DL data from the source cell, some PUCCH (e.g. HARQ feedback) and PUSCH transmissions (e.g. RLC status report) will still be allowed in the source cell to support the DL data transmission in the source cell. Although not yet confirmed, we expect the same principles to also be adopted for NR.
In this contribution we discuss the handling of HARQ and RLC (re-)transmissions in the source cell after the UL data switch. More specifically, the following questions are addressed: 
· What happens with the data stored in the HARQ transmission buffer in the source MAC entity? Should this buffer be flushed or should the HARQ (re-)transmissions be allowed to continue? 
· What happens with the data stored in the RLC transmission/retransmission buffer in the source RLC entity? Should this buffer be flushed or should the RLC transmissions/retransmissions be allowed to continue?
In addition, we also discuss the UL switching point and the implications of the agreement made in the previous meeting. 
[bookmark: _Ref178064866]Discussion
Why is switching of UL transmissions 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 is not feasible in all scenarios (e.g. FR2) and may require 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 uplink data transmission from source to target reduces but does not eliminate the need for simultaneous uplink transmission as the UE still needs to transmit some information to the source node to support the downlink operation in the source cell (e.g. HARQ feedback and CSI reports on PUCCH and L2 control information, such as RLC status reports, on PUSCH). 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: _Toc19015840][bookmark: _Toc20753331][bookmark: _Toc20757053][bookmark: _Toc20757331][bookmark: _Toc20757363][bookmark: _Toc21001388]Avoiding simultaneous uplink transmission reduces the need for uplink power sharing and reduces uplink interference (for intra-frequency handovers) between source and target cell.
How far we go in minimizing simultaneous uplink transmission should be weighed though against other factors such as loss of performance and increased specification complexity.
[bookmark: _Toc19008233][bookmark: _Toc19013996][bookmark: _Toc19014107][bookmark: _Toc19014302][bookmark: _Toc19015841][bookmark: _Toc20753332][bookmark: _Toc20757054][bookmark: _Toc20757332][bookmark: _Toc20757364][bookmark: _Toc21001389]How far we go in minimizing simultaneous uplink transmission need to be weighed against factors such as loss of performance and increased specification complexity.
Handling of UL HARQ (re-)transmissions in source cell
As mentioned in the introduction, the first open issue is the handling of UL HARQ (re-)transmission in the source cell after the uplink switch.
Every HARQ process maintains a transmission buffer that is filled when the HARQ process initiates transmission of new MAC PDU. Due to the multiplexing performed by MAC, the MAC PDU can contain MAC SDUs (i.e. RLC PDUs) from several radio bearers as well as MAC CEs.  The RLC PDU contains either UL data (i.e. RLC Data PDU) or an RLC status report (i.e. an RLC Status PDU).  Thus, if the HARQ transmission buffer is flushed it is not only UL data that is discarded but also RLC status reports and MAC CEs. As this information can be critical for the downlink operation in the source cell, it is preferred if HARQ transmission buffer is not flushed during the UL switch.
[bookmark: _Toc19008234][bookmark: _Toc19013997][bookmark: _Toc19014108][bookmark: _Toc19014303][bookmark: _Toc19015842][bookmark: _Toc20753333][bookmark: _Toc20757055][bookmark: _Toc20757333][bookmark: _Toc20757365][bookmark: _Toc21001390]Flushing the HARQ transmission buffer means that not only UL data is discarded but also e.g. RLC status reports and MAC CEs.
Another reason for continuing the HARQ retransmissions is the soft combining performed by the HARQ receiver.  In essence, soft combining means that the receiver accumulates the previously received energy and the currently received energy to increase the chances of successfully decoding the MAC PDU. Thus, continuing the HARQ retransmissions is more efficient since it allows the receiver to take advantage of the energy and UL resources spent on the previous transmission/re-transmissions which otherwise would go to waste.
[bookmark: _Toc19013998][bookmark: _Toc19014109][bookmark: _Toc19014304][bookmark: _Toc19015843][bookmark: _Toc20753334][bookmark: _Toc20757056][bookmark: _Toc20757334][bookmark: _Toc20757366][bookmark: _Toc21001391]Continuing the HARQ retransmissions is more efficient thanks to the use of soft combining which allows the receiver to accumulate energy across several HARQ (re-)transmissions.
We also expect that continuing the HARQ (re-)transmissions will be simpler to specify since this is already the current behaviour in the MAC specification. In contrast, cancelling the HARQ retransmissions would require at least the HARQ transmission buffers to be flushed.
[bookmark: _Toc19013999][bookmark: _Toc19014110][bookmark: _Toc19014305][bookmark: _Toc19015844][bookmark: _Toc20753335][bookmark: _Toc20757057][bookmark: _Toc20757335][bookmark: _Toc20757367][bookmark: _Toc21001392]Continuing HARQ (re-)transmission is simpler to specify as no MAC changes are required. 
Due to reasons above we propose:
[bookmark: _Toc19014118][bookmark: _Toc19014127][bookmark: _Toc19015850][bookmark: _Toc20753341][bookmark: _Toc20757050][bookmark: _Toc20757328][bookmark: _Toc20757360][bookmark: _Toc21001398]HARQ (re-)transmission in the source cell continues in the source after the UL switch, i.e. the HARQ transmission buffer is not flushed.
Handling of UL RLC (re-)transmissions in source cell
Next, we address how to handle the data that is stored in the RLC transmission/retransmission buffer. 
Figure 1 below shows a block diagram of the transmitting side of an RLC AM entity in the UE.  As can be seen from this figure, the RLC entity receives RLC SDUs from the upper layer and stores these in a transmission buffer. At the next transmission opportunity, depending on the available size indicated by the MAC layer, the RLC entity creates an RLC Data PDU by segmenting and/or concatenating[footnoteRef:2] RLC SDUs from the front of the transmission buffer. Finally, an RLC header is appended to the assembled PDU, indicating the sequence number of the RLC Data PDU, and additionally the size and boundary of each included RLC SDU or RLC SDU segment. [2:  In NR, the RLC layer only performs segmentation and not multiplexing.] 

When the RLC entity transmits the RLC Data PDU, it stores the PDU in the retransmission buffer for possible retransmission if requested by the receiver through a status report. In case of retransmission, the transmitter can resegment the original RLC Data PDUs into smaller PDU segments if the MAC layer indicates a size that is smaller than the original RLC Data PDU size.
The processing steps for RLC UM are similar except that there are no retransmissions which also means that there is no retransmission buffer.
[image: ]
Figure 1 Transmitting RLC AM entity
For both RLC AM and UM, it is beneficial if the RLC entity can continue to transmit in the source cell until all the segments of an RLC SDU have been transmitted. This increases the chances that the RLC SDU is delivered and ensures that the energy and UL resources spent on the previous RLC segments do not go to waste. Thus at least those RLC SDUs for which transmission is ongoing should be kept in the transmission buffer.
[bookmark: _Toc19014000][bookmark: _Toc19014111][bookmark: _Toc19014306][bookmark: _Toc19015845][bookmark: _Toc20753336][bookmark: _Toc20757058][bookmark: _Toc20757336][bookmark: _Toc20757368][bookmark: _Toc21001393]By not flushing the RLC transmission buffer the RLC entity will be able to finish the transmission of segmented RLC SDUs.
It should also be noted that RLC SDUs stored in the transmission buffer can be either a PDCP Data PDU (i.e. containing a PDCP SDU) or a PDCP Control PDUs (i.e. ROHC feedback or PDPC status report). Thus, if the RLC transmission buffer is flushed it is not only UL data that is discarded but also ROHC feedback and PDCP status reports. For this reason, it is preferred if RLC transmissions are allowed to continue until the transmission buffer is emptied.
[bookmark: _Toc19004894][bookmark: _Toc19008238][bookmark: _Toc19014001][bookmark: _Toc19014112][bookmark: _Toc19014307][bookmark: _Toc19015846][bookmark: _Toc20753337][bookmark: _Toc20757059][bookmark: _Toc20757337][bookmark: _Toc20757369][bookmark: _Toc21001394]Flushing the RLC transmission buffer implies that not only UL data that is discarded but also ROHC feedback and PDCP status reports.
In case of RLC AM, the UE should also be allowed to retransmit RLC Data PDUs in the source cell after the UL switch. Otherwise there is a risk that the receiving RLC AM entity in the source node repeatedly sends RLC status reports to request retransmission of a missing RLC Data PDU. 
[bookmark: _Toc19004895][bookmark: _Toc19008239][bookmark: _Toc19014002][bookmark: _Toc19014113][bookmark: _Toc19014308][bookmark: _Toc19015847][bookmark: _Toc20753338][bookmark: _Toc20757060][bookmark: _Toc20757338][bookmark: _Toc20757370][bookmark: _Toc21001395]If the RLC retransmissions are stopped (i.e. the RLC retransmission buffer is flushed) there is a risk that the source node repeatedly sends RLC status reports to request retransmission of a missing RLC Data PDU.

Furthermore, from a specification point view, it is probably simpler to allow the RLC transmissions and retransmissions to continue as this does not require any changes to the RLC specification.
[bookmark: _Toc19004896][bookmark: _Toc19008240][bookmark: _Toc19014003][bookmark: _Toc19014114][bookmark: _Toc19014309][bookmark: _Toc19015848][bookmark: _Toc20753339][bookmark: _Toc20757061][bookmark: _Toc20757339][bookmark: _Toc20757371][bookmark: _Toc21001396]Continuing the RLC transmissions/retransmission is simpler as no RLC changes are required.
We also note that this topic is somewhat related to the discussion on whether the UE should be allowed to continue to send ROHC feedback to the source node after the UL switch. If this is allowed it would be odd if the RLC transmission/retransmission buffer is flushed as this normally means that the transmitting RLC entity stops being used. Furthermore, if RLC AM is used, it is also not clear how the source node would react if the UE stops RLC retransmissions but then later on starts transmitting/retransmitting new RLC Data PDUs (containing ROHC feedback). However, this may be less of a problem since ROHC and RLC AM are typically not used together.
[bookmark: _Toc19004897][bookmark: _Toc19008241][bookmark: _Toc19014004][bookmark: _Toc19014115][bookmark: _Toc19014310][bookmark: _Toc19015849][bookmark: _Toc20753340][bookmark: _Toc20757062][bookmark: _Toc20757340][bookmark: _Toc20757372][bookmark: _Toc21001397]It would be odd if the RLC transmission/retransmission buffer is flushed if the UE can continue to send ROHC feedback to the source node after the UL switch.
Due to reasons above we propose:
[bookmark: _Toc19014119][bookmark: _Toc19014128][bookmark: _Toc19015851][bookmark: _Toc20753342][bookmark: _Toc20757051][bookmark: _Toc20757329][bookmark: _Toc20757361][bookmark: _Toc21001399]RLC transmission/retransmissions continues in the source cell after the UL switch, i.e. the RLC transmission/retransmission buffer is not flushed.
When should the uplink data transmission be switched?
For LTE it was initially agreed in RAN2#107 that the UL switch is performed upon:

“reception of the first UL grant for data transmission from the target [e]NB after RA procedure towards the target [e]NB is successfully completed”

However, later during the same meeting the agreement was changed into:

“UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.”

Note that the two agreements are not equivalent since both in case of CFRA and CBRA the UE may complete the random access procedure and receive an UL grant before the transmission of the handover complete message has even started.
In case of CFRA, the latter agreement has the drawback that the UE will not be able to transmit UL data in MSG3 even though the random access procedure has completed at that point.  If the network knows that the UE is in good radio condition it may assign the UE a larger UL grant for MSG3 than what is required for BSR + PHR + RRC message. It would then be pity if the UE was forced to transmit padding in this extra space instead of data. Because of this we propose to revert back to the initial agreement, i.e. the UE performs the UL switch upon reception of the first UL grant after successful completion of the randomaccess procedure towards the target node. The same agreement should also be adopted for NR.
[bookmark: _Toc20757052][bookmark: _Toc20757330][bookmark: _Toc20757362][bookmark: _Toc21001400]For both LTE and NR, the UE performs the UL switch upon reception of the first UL grant from the target node after successful completion of the random access procedure towards the target node, i.e. the UL grant in the RAR (for CFRA) or the first UL grant received on PDCCH after contention resolution (for CBRA).
Conclusion
In section 2 we made the following observations:
Observation 1	Avoiding simultaneous uplink transmission reduces the need for uplink power sharing and reduces uplink interference (for intra-frequency handovers) between source and target cell.
Observation 2	How far we go in minimizing simultaneous uplink transmission need to be weighed against factors such as loss of performance and increased specification complexity.
Observation 3	Flushing the HARQ transmission buffer means that not only UL data is discarded but also e.g. RLC status reports and MAC CEs.
Observation 4	Continuing the HARQ retransmissions is more efficient thanks to the use of soft combining which allows the receiver to accumulate energy across several HARQ (re-)transmissions.
Observation 5	Continuing HARQ (re-)transmission is simpler to specify as no MAC changes are required.
Observation 6	By not flushing the RLC transmission buffer the RLC entity will be able to finish the transmission of segmented RLC SDUs.
Observation 7	Flushing the RLC transmission buffer implies that not only UL data that is discarded but also ROHC feedback and PDCP status reports.
Observation 8	If the RLC retransmissions are stopped (i.e. the RLC retransmission buffer is flushed) there is a risk that the source node repeatedly sends RLC status reports to request retransmission of a missing RLC Data PDU.
Observation 9	Continuing the RLC transmissions/retransmission is simpler as no RLC changes are required.
Observation 10	It would be odd if the RLC transmission/retransmission buffer is flushed if the UE can continue to send ROHC feedback to the source node after the UL switch.

Based on the discussion in section 2 we propose the following:
Proposal 1	HARQ (re-)transmission in the source cell continues in the source after the UL switch, i.e. the HARQ transmission buffer is not flushed.
Proposal 2	RLC transmission/retransmissions continues in the source cell after the UL switch, i.e. the RLC transmission/retransmission buffer is not flushed.
Proposal 3	For both LTE and NR, the UE performs the UL switch upon reception of the first UL grant from the target node after successful completion of the random access procedure towards the target node, i.e. the UL grant in the RAR (for CFRA) or the first UL grant received on PDCCH after contention resolution (for CBRA).
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