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1 Introduction
In RAN2#107bis meeting [1], RAN2 has made some agreements for PDCP/RLC aspects of DAPS HO:
Agreements

ROHC handling:

6
If drb-ContinueROHC is not configured, UE has two separate ROHC instances, one for the source cell and the other for the target cell.  

•
UE uses one ROHC compressor instance for UL data transfer;

•
UE uses two ROHC decompressor instances for DL data transfer.

7
UE is allowed to transmit the ROHC feedback through the source cell UL if there is DL data on-going from the source cell. 

8
The potential ROHC failure issues in DL and UL (if they are valid) are addressed by UE/network implementation without spec impact.
9
drb-ContinueROHC is not supported for DAPS in Rel-16.
As there is still a FFS left in PDCP running CR, i.e. how to handle duplicate discarding if duplication is enabled. In 108#66 email discussion we still discussed this issue and the potential solutions. In this paper, we would further discuss this ROHC failure issue and the corresponding solutions. 
2 Discussion
During DAPS HO, network can perform packet duplication by implementation, e.g. when the source node performs DL data forwarding upon handover command is sent, the forwarded PDCP SDUs can be the duplicated one(s), i.e. for one PDCP packet associated with the certain PDCP SN, the source node can send the PDCP PDU together with the certain PDCP SN to the UE, and meanwhile it can send the PDCP SDU together with the certain PDCP SN to the target node, and then after PDCP handling at the target node, the PDCP PDU associated with the certain PDCP SN can be sent to the UE by the target node after the UE completes handover successfully. With packet duplication, packet loss rate can be reduced since there are two legs transmitting the same PDCP SDU. To avoid abundant duplication detection at the UE side, the UE can send a PDCP status report to the target node upon it handovers to the target node successfully, then the target node can discard the duplicated PDCP SDUs/PDUs which has successfully received by the UE from the source node based on the PDCP status report, and it also knows which PDCP PDU(s) would be sent to the UE in its buffer. In this way, reliability and efficiency can be achieved for DL data transmission with packet duplication at the network side. From the beginning of successful random access to the release of source link, downlink transmission are performed both form source and target, and even if target can determine the start COUNT value by PDCP status report, the duplication transmission cannot be avoided. 
Observation 1: packet duplication cannot be avoided during the time from the beginning of successful random access to the release of source link. 
According to ROHC compression principle [2], packet loss or out-of-order delivery may cause the decompression failure, thus reordering is needed before header decompression. In NR, since RLC can’t guarantee in-order delivery, reordering before header decompression in PDCP is very essential. Currently in NR as illustrated in Figure 1, before header decompression, reordering and duplicate discarding is performed [3], and we can take this principle as baseline for DAPS HO in NR. However, the issue is that if packet duplication is performed, the duplicated packet from one leg (i.e. the source cell or the target cell) which is an IR packet would be discarded before header decompression, but the following packet e.g. the compressed packet may not be decompressed successfully since ROHC context is unavailable. With duplication, we can foresee that plenty of packets are discarded. Considering that this occurs in early phase of the ROHC, the discarded packets are likely IR packets. The ROHC problem is more serious and the possibility of occurrence is quite high. And this failure will lead to packet loss, which can only be addressed by upper layer retransmission, e.g. TCP retransmission. Because from RLC point of view, these packets are already received successfully; and from PDCP perspective, they will not be counted as missing packets as they already has entered into the reordering buffer.
Observation 2: duplicate discarding may lead to ROHC decompression failure due to lack of compression context.
Observation 3: packet loss due to ROHC decompression failure has to be addressed by upper layer retransmission, e.g. TCP retransmission, which does harm to DAPS HO performance.

The ROHC issue also exists in PDCP selective re-transmission scenario, see [4]. In RAN2# 107bis meeting, it is agreed that “the potential ROHC failure issues in DL and UL (if they are valid) are addressed by UE/network implementation without spec impact”. However, according to current TS38.323 specification, if PDCP wants some specific handling of ROHC protocol, the specification will explicitly specify it. Some examples (extracted from TS38.323) are as below: 
	-
for UM DRBs and AM DRBs, reset the header compression protocol for uplink and start with an IR state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];

-
for UM DRBs and AM DRBs, reset the header compression protocol for downlink and start with NC state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];

NOTE:
If the MAX_CID number of ROHC contexts are already established for the compressed flows and a new IP flow does not match any established ROHC context, the compressor should associate the new IP flow with one of the ROHC CIDs allocated for the existing compressed flows or send PDCP SDUs belonging to the IP flow as uncompressed packet.


To solve the ROHC failure issue, in email discussion 108#66, three options have been discussed.

Option 1 Stick to agreement “the potential ROHC failure issues in DL and UL (if they are valid) are addressed by UE/network implementation without spec impact” 

Option 2: for the transmission between the target node and the UE, the transmitter shall always generate/transmit IR packets to the receiver until the PDCP status report is received from the receiver.

Option 3: for the downlink transmission in target during DAPS handover, target shall always generate/transmit IR packets to UE until target sends the source release indication to UE.
In our opinion, if option 1 is adopted, we cannot make sure this ROHC failure issue won’t happen. That’s why we need to specify some operation to avoid this issue.
For option 2, as RAN2 already agreed that a PDCP status report would be triggered after UL PUSCH switching. So if target starts to compress PDCP SDU after it receives PDCP status report, it is still likely to send duplicate PDCP SDU considering source continue send data to UE at the same time. So the same decompression failure issue still exists. 
In case of option 3, i.e. the transmitter shall always generate/transmit IR packets to the receiver until the target node sends the source release indication to UE. It means ROHC compression can be applied in target downlink transmission during DAPS HO, but IR packets need to be sent to UE for a longer period at first. In this way all PDCP PDUs can be decompressed in source header decompression entity to maintain the ROHC context even if duplicate PDU from target has been discarded. The companion draft CR is [5].
Proposal 1: for the downlink transmission in target during DAPS handover, target shall always generate/transmit IR packets to UE until target sends the source release indication to UE.
3 Conclusion

This paper discusses some PDCP issues and suggests:
Observation 1: packet duplication cannot be avoided during the time from the beginning of successful random access to the release of source link. 
Observation 2: duplicate discarding may lead to ROHC decompression failure due to lack of compression context.

Observation 3: packet loss due to ROHC decompression failure has to be addressed by upper layer retransmission, e.g. TCP retransmission, which does harm to DAPS HO performance.
Proposal 1: for the downlink transmission in target during DAPS handover, target shall always generate/transmit IR packets to UE until target sends the source release indication to UE.
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