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1.	Introduction
At the RAN2 AH#4 meeting, RAN2 discussed on lossless delivery of UL data, and made decision that this issue can be addressed by the following mechanisms:
· Option #1: Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update;
· Option #2: Modification of PDCP protocol/procedures; 
· Option #3: Introducing UL status delivery (from IAB donor to IAB node).

In this document, we are discussing further consideration on each option.

2.	Discussion
As mentioned in the previous section, three mechanisms have been captured in order to support lossless delivery of UL data.
The first mechanism (Option #1) is that intermediate IAB node(s) retransmits the buffered PDCP PDU(s). In this option #1, new signalling may not be required because the IAB node can trigger the retransmission through another path itself when either detecting link problems or recognizing path change. 
Observation 1: New signalling may not be required for triggering the retransmission of PDCP PDU(s). 

Also, we think this option can support lossless delivery as long as IAB donor is unchanged. But, UE may perform handover from the IAB donor to either another IAB donor or general gNB. In that case, the PDCP PDU(s), which the intermediate IAB node has retransmitted, is received at source node (e.g., IAB donor), not target node (e.g., another IAB donor or general gNB). In order to support lossless delivery (lossless, in-order and no duplication), the source node may have to forward to target node each PDCP SDU of the PDCP PDU(s) received from the intermediate IAB node(s) after the handover, as shown in Figure 1. Target node should handle the PDCP SDU(s) received from the source node as well as PDCP PDU(s) received from the UE (e.g., reordering and discarding operations). In other words, source node should NOT release all bearer(s) in spite of handover case, and target node need to handle the bearer(s) similarly to split bearer(s) of the dual connectivity.
Observation 2: For lossless handover, source node should NOT release all bearer(s), and target node need to handle the bearer(s) similarly to split bearer(s) of the dual connectivity.
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Figure 1: Forwarding each PDCP SDU of the PDCP PDU(s) received from IAB node(s) after the handover

The second mechanism (Option #2) is that UE retransmits all of the PDCP PDU(s) for which discardTimer is running. The UE does NOT know which PDCP PDU(s) has successfully been transmitted to an IAB donor until receiving PDCP status report from the IAB donor. So, even if some of the PDCP PDU(s) had successfully been transmitted, the UE would retransmit the PDCP PDU(s). In order to decrease such unnecessary retransmission, the option #2 may need frequent transmission of PDCP status report. 
Observation 3: Modification of PDCP protocol/procedures may need frequent transmission of PDCP status report in order to decrease unnecessary retransmission.

Because PDCP PDU(s) is retransmitted only by UE, this option #2 can support lossless handover without any impacts on other layers, as shown in Figure 2.
Observation 4: Modification of PDCP protocol/procedures can support lossless handover.
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Figure 2: Retransmission of PDCP SDU(s) for lossless handover
The third mechanism (Option #3) is that UE’s access IAB node does NOT send a positive ACK for a successfully received RLC SDU (PDCP PDU) until successful delivery of the RLC SDU has been confirmed by an IAB donor. This option #3 can support lossless handover, but the UE may know too late which RLC SDU(s) has been transmitted successfully. In that case, the UE cannot submit to lower layer any new RLC SDU whose SN falls outside of the transmitting window which is maintained depending on the state variable TX_Next_Ack. Such delay in receiving a positive ACK may cause decrease in data throughput. Even, when detecting reception failure of an RLC SDU, UE’s access IAB node may NOT be able to send RLC STATUS PDU including a negative ACK for the RLC SDU because the IAB node should wait for IAB donor’s confirmation of positive ACK for other RLC SDU(s) to be implicitly included in the RLC STATUS PDU, as shown in Figure 3. Such delay in receiving a negative ACK may cause increase in data transmission delay. If this option #3 is used for lossless delivery of UL data, RAN2 may have to enhance RLC retransmission procedure between UE and UE’s access IAB node.
Observation 5: Introducing UL status delivery (from IAB donor to IAB node) can may have bad impact on QoS (e.g., data throughput and data transmission delay).
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Figure 3: Transmission of RLC STATUS PDU based on UL status delivery

TS 38.322 (RLC)
5.2.3.1	Transmit operations
5.2.3.1.1	General
The transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over AMD PDUs. The transmitting side of an AM RLC entity shall prioritize transmission of AMD PDUs containing previously transmitted RLC SDUs or RLC SDU segments over transmission of AMD PDUs containing not previously transmitted RLC SDUs or RLC SDU segments.
The transmitting side of an AM RLC entity shall maintain a transmitting window according to the state variable TX_Next_Ack as follows:
   -	a SN falls within the transmitting window if TX_Next_Ack <= SN < TX_Next_Ack + AM_Window_Size;
   -	a SN falls outside of the transmitting window otherwise.
The transmitting side of an AM RLC entity shall not submit to lower layer any AMD PDU whose SN falls outside of the transmitting window.
…..
The transmitting side of an AM RLC entity can receive a positive acknowledgement (confirmation of successful reception by its peer AM RLC entity) for an RLC SDU by the following:
   -	STATUS PDU from its peer AM RLC entity.
When receiving a positive acknowledgement for an RLC SDU with SN = x, the transmitting side of an AM RLC entity shall:
   -	send an indication to the upper layers of successful delivery of the RLC SDU;
   -	set TX_Next_Ack equal to the SN of the RLC SDU with the smallest SN, whose SN falls within the range TX_Next_Ack <= SN <= TX_Next and for which a positive acknowledgments has not been received yet.

6.2.2.5	STATUS PDU
STATUS PDU consists of a STATUS PDU payload and an RLC control PDU header.
RLC control PDU header consists of a D/C and a CPT field.
The STATUS PDU payload starts from the first bit following the RLC control PDU header, and it consists of one ACK_SN and one E1, zero or more sets of a NACK_SN, an E1, an E2 and an E3, and possibly a pair of a SOstart and a SOend or a NACK range field for each NACK_SN.

The following Table 1 is a summary of our observations.
Table 1. Comparison of mechanisms for lossless delivery of UL data
	
	Rerouting of PDCP PDUs buffered on intermediate IAB nodes
	Modification of PDCP protocol/procedures
	Introducing UL status delivery

	Signalling overhead
	No
	No
	Yes
· IAB donor should send UL status delivery to UE’s access IAB node.

	Support of lossless handover
	Need to check impacts on RAN2 and RAN3
· Source node should NOT release all bearer(s)
· Target node need to handle the bearer(s) similarly to split bearer(s) of the dual connectivity.
	Yes
	Yes

	QoS impacts
	Judgment postponement
· RAN2 should check whether this mechanism can support lossless handover.
	Bad impact
· Data throughput may decrease and data transmission delay may increase depending on the number of duplicated PDCP PDUs.
· In order to reduce the number of duplicated PDCP PDUs, PDCP status report should be sent more frequently.
	Bad impact
· Data throughput may decrease due to delay in receiving a positive ACK.
· Data transmission delay may increase by delay in receiving a negative ACK.



Proposal: RAN2 should capture above table in the section 8.2.3 of TR 38.874.

3.	Proposal
In this document, we present our view on three mechanisms for lossless delivery of UL data. We have following proposal:
Proposal: RAN2 should capture above table in the section 8.2.3 of TR 38.874.
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