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1 Introduction
In RAN2#109e meeting, RAN2 has made the following agreements to solve ROHC decompression failure issue during DAPS HO:
Agreements


4. The target cell always transmits the PDCP PDUs containing IR packet until releasing the source cell.
Since companies still have concern on this agreement, it is not captured in PDCP running CR. And in RAN2#109bis-e meeting, Chair made the following suggestion:

	· For the RoHC IR packets, it would be good to have a compromise solution between UE and network vendors somewhere along the lines we (very briefly) discussed. Possible compromises that account both both UE and network side are more than welcome.


In this paper, we further discuss the necessity of specifying this NW behaviour for target cell, and compared to the previous version we add section 2.3 in which the potential cooperation between UE and NW is also considered. 
2 Discussion
2.1 Explain why ROHC context is missing for target in UE side?
According to RAN3 BL CR [1], two data forwarding mechanisms have been specified, i.e. early data forwarding and late data forwarding defined as below:

	Early Data Forwarding: data forwarding that is initiated before the UE executes the handover.
Late Data Forwarding: data forwarding that is initiated after the source NG-RAN node knows that the UE has successfully accessed a target NG-RAN node.


For DAPS HO, early data forwarding is applied, and all downlink data should be forwarded to target from source. Although NW can choose to perform selective data forwarding from implementation perspective, considering it is actually difficult to differential SDUs to be transmitted by source cell or target cell, the more feasible approach is forwarding all downlink data to target from source. And an EARLY FORWARDING TRANSFER message is also introduced to achieve two goals highlighted below, one is to inform the COUNT value of the first forwarded SDU and the other one is to inform discarding of already successfully transmitted SDUs.

	NOTE:
In case of DAPS Handover, the EARLY FORWARDING TRANSFER message is triggered by the source gNB in step 7, instead of the SN STATUS TRANSFER message. For DRBs subject to be simultaneously served by the source and the target gNBs, the DL COUNT value conveyed in the EARLY FORWARDING TRANSFER message indicates PDCP SN and HFN of the first PDCP SDU that the source gNB forwards to the target gNB. The source gNB does not stop assigning SNs to downlink PDCP SDUs until it sends the SN STATUS TRANSFER message to the target gNB in step 8b.

NOTE:
In case of DAPS Handover, for DRBs subject to be simultaneously served by the source and the target gNBs, the source gNB may additionally send the EARLY FORWARDING TRANSFER message(s) between step 7 and step 8b, to inform discarding of already forwarded PDCP SDUs, The target gNB does not transmit forwarded downlink PDCP SDUs to the UE, whose COUNT is less than the conveyed DL COUNT value and discards them if transmission has not been attempted already.


So the main principle specified in RAN3 is that for DAPS HO all downlink SDUs should be forwarded to target from source, and source can inform discarding of already successfully transmitted SDUs, which helps target to refresh storage buffer and determine the starting SDUs which should be sent to UE after random access is successfully completed.
Observation 1: according to RAN3 BL CR, all downlink SDUs should be forwarded to target from source, and source can inform discarding of already successfully transmitted SDUs, which helps target to refresh storage buffer and determine which SDUs should be sent to UE.
In RAN2 we also have agreed that a PDCP status report should be sent to target as below:

	7
PDCP status report is triggered when UL switching occurs (from MAC to RRC to PDCP). Since PDCP has switched to target, it is transmitted to target only.


This PDCP status report has the same effect as the EARLY FORWARDING TRANSFER message including discarding information, the FMC field also can be used to indicate discarding of already successfully transmitted SDUs to target.
Observation 2: RAN2 agree to introduce a PDCP status report for DAPS DRB, it can also help target determine the first SDU which should be sent to UE.

Based on the analysis above, target can determine the first downlink SDU that need to be sent to UE either by receiving EARLY FORWARDING TRANSFER message or PDCP status report. Whether or when to send EARLY FORWARDING TRANSFER message depends on NW implementation, it may not provide an exact starting point for downlink transmission. Compared to EARLY FORWARDING TRANSFER message, PDCP status report is more accurate. But still there is a transmission delay for the delivery of PDCP status report and downlink transmission of SDUs. The procedure is illustrated in Fig. 1.
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Fig. 1(a) when PDCP status report is triggered
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Fig. 1(b) when PDCP PDUs are received from both source and target
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Fig. 1(c) the final mixed PDU stream after duplicate discarding
Fig. 1 PDCP PDU status in UE side

When PDCP status report is triggered, FMC is set to 2, and No. 7/8/11 are also missing and indicated in Bitmap field of status report as in Fig. 1(a). After target gNB receives this PDCP status report, it starts to send PDCP PDUs to UE staring from No. 2. When the PDCP PDUs from target arrive at UE, No. 2/7/8 PDUs have been received from source successfully as the source cell continues to transmit data to UE during this length of time, as in Fig. 1(b). Due to duplicate discarding, the first nine PDCP PDUs from target will be discarded, i.e. from 2 to 10, as in Fig. 1(c). In this example, due to transmission delay of PDCP status report and continuous downlink transmission of data from source, the first several PDCP PDUs from target will be discarded since UE has already received them from source. From ROHC perspective, the first several PDCP PDUs are IR packets, which means this duplicate discarding makes ROHC context totally missing in UE side.
Observation 3: due to transmission delay of PDCP status report and continuous downlink transmission of data from source, the first several PDCP PDUs will be discarded, which means this duplicate discarding makes ROHC context totally missing in UE side.
2.2 Explain why a specified NW behavior is needed for target?

During the RAN2#109e offline-222, some companies raised an argument point that “ROHC encoder would stay in IR state, until it is acknowledged from ROHC decoder that IR packet is received.”
Actually it depends on the operation mode of ROHC. According to ROHC protocol [3], there are three operation modes, i.e. U-mode/O-mode/R-mode.

U-mode is Unidirectional mode, there is no feedback from decompressor. The compressor perform upwards transition by so called “Optimistic approach”, it means “when the compressor is in the IR state, it will stay there until it assumes that the decompressor has correctly received the static context information.” Usually compressor in U-mode sends several IR packets to decompressor, then it upgrades to FO state because it is enough to establish ROHC context in decompressor.
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Fig. 2 Compressor states and logic (U-mode)
O-mode and R-mode are bidirectional modes. But for O-mode, “Optimistic approach” also applies, which means feedback is not needed to enter into next compression state, i.e. FO state. And the difference between U-mode and O-mode is that NACKs are used for downward transition. ACK feedback can also be used in O-mode, but “this functionality is optional, so a compressor MUST NOT expect to get such ACKs initially.” So at least in the first upwards transition “Optimistic approach” is still the only feasible way. For R-mode it sure requires ACK feedback from decompressor to enter into FO state from IR state.
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Fig.3 Compressor states and logic (O-mode)
So for R-mode this argument is true, but for U-mode and O-mode compressor can enter into FO state from IR state without any ACK received. In DAPS HO, target will begin to send FO packets after several IR packets if operating in U-mode or O-mode. Considering there is a huge feedback overhead in R-mode, it is usually more feasible to apply U-mode and O-mode. So missing ROHC context issue is of a high probability in DAPS HO, therefore specification intervention is needed.

Observation 4: for U-mode and O-mode ROHC compressor can enter into FO state from IR state without any ACK received, so specification intervention is still needed.

As QC commented in RAN2#109e offline-209 [2] “Number of IR packets is typically implementation specific (hard coded in implementation) for UE and NW side. In case of DAPS DL, it is not clear how many DL packets will be duplicated and how many packets will be discarded. This can lead to different number of ROHC IR packets implementation will have different decompression failures. To have more deterministic behaviour, one simple way is target node using IR packets until source cell is released.”
Based on the analysis above and QC’s explanation, it is justified why we need to adopt this solution to avoid ROHC context missing for target. Although companies still have concern on specifying a NW behavior, it is clearly beneficial to have a deterministic NW behavior among different NW vendors.

Proposal 1: RAN2 confirm to specify “For downlink, the ROHC protocol of the target cell maintains the IR state if operating in U-mode and O-mode during DAPS handover.”
If companies don’t prefer to get specific ROHC mode involved, we can also remove the “if operating in U-mode and O-mode” part. And we propose:

Proposal 2: If companies don’t prefer to get specific ROHC mode involved, RAN2 to specify “For downlink, the ROHC protocol of the target cell maintains the IR state during DAPS handover.”

2.3 Other options to be considered
Since in RAN2#109bis-e meeting, Chair suggested to seek a compromise way involving both UE and NW to handle this issue, so we also provide some analysis on other options.
Option 1: this issue is handle by NW, i.e. target cell maintains the IR state during DAPS handover. This option has been elaborated on in section 2.2.

Option 2: this issue is handled all by UE, i.e. “The PDCP entity in UE decompresses the PDCP PDUs received from the target cell even if the PDCP PDUs are discarded due to duplication detection and out-of-window” as discussed in [2]. 
In this option all received PDCP PDUs from source cell and target cell need to be decompressed first, then these PDUs are put into reception buffer and duplicate discarding can be done. Considering reordering has to be done before ROHC decompression, so in fact three reordering functions need to be deployed. The first two reordering are before ROHC decompression for source cell and target cell respectively, and the third reordering is performed after ROHC decompression for in sequence delivery to upper layer. This design is a big change compared to current DAPS PDCP entity, it is too late to introduce this fundamental modification. And in [2], this was not a majority choice.
Observation 5: if all PDCP PDUs need to be decompressed before duplicate discarding, there should be three reordering functions in DAPS PDCP entity. It is too late to introduce this fundamental modification.
Option 3: target cell maintain IR state until it is acknowledged from ROHC decompressor that IR packet is received. 
According to ROHC specification [3], the initial operation mode is U-mode. And in U-mode, we have the following description:

	5.3.1.3. Feedback in Unidirectional mode 

The Unidirectional mode of operation is designed to operate over links where a feedback channel is not available. If a feedback channel is available, however, the decompressor MAY send an acknowledgment of successful decompression with the mode parameter set to U (send an ACK(U)). When the compressor receives such a message, it MAY disable (or increase the interval between) periodic IR refreshes.


So in U-mode, UE MAY send an acknowledgement of successful decompression, and this acknowledgement MAY influence compressor’s behavior, e.g. disable periodic IR refreshes. These operation are all dependent on implementation, which means it’s not deterministic. On one hand this acknowledgement could be used as the confirmation of context establishment, on the other hand we need to change the compressor behavior from “it MAY disable (or increase the interval between) periodic IR refreshes” to “it MAY operate in higher compression state”.
Also it is possible for decompressor to send an acknowledgement to compressor, when it tries to make operation mode transition, e.g. transition from U-mode to O-mode as illustrated in Fig. 4. For mode transitions, “The decision to move from one compression mode to another is taken by the decompressor”, so it is also decompressor dependent.
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Fig.4 Transition from U-mode to O-mode
Based on the analysis above, decompressor MAY send an acknowledgement to compressor in U-mode, either for confirmation of successful decompression or for mode transition. But it is all decompressor dependent. It is not clear whether or when decompressor will send this acknowledgement. So in our DAPS scenario, for downlink transmission UE may or may not send this ROHC acknowledgement to target cell. Even if this acknowledgement is received, we also need to specify a new ROHC compressor behavior, i,e. to allow compressor to operate in higher compression state only after compressor receives an acknowledgement from decompressor.
Observation 6: it depends on UE ROHC implementation whether and when to send a ROHC acknowledgement to target cell.
Observation 7: Even if this acknowledgement is received, we also need to specify a new ROHC compressor behavior, i.e. to allow compressor to operate in higher compression state only after compressor receives an acknowledgement from decompressor.
3 Conclusion

This paper discusses ROHC decompression failure issues, and we have the following observations:
Observation 1: according to RAN3 BL CR, all downlink SDUs should be forwarded to target from source, and source can inform discarding of already successfully transmitted SDUs, which helps target to refresh storage buffer and determine which SDUs should be sent to UE.
Observation 2: RAN2 agree to introduce a PDCP status report for DAPS DRB, it can also help target determine the first SDU which should be sent to UE.
Observation 3: due to transmission delay of PDCP status report and continuous downlink transmission of data from source, the first several PDCP PDUs will be discarded, which means this duplicate discarding makes ROHC context totally missing in UE side.
Observation 4: for U-mode and O-mode ROHC compressor can enter into FO state from IR state without any ACK received, so specification intervention is still needed.
Observation 5: if all PDCP PDUs need to be decompressed before duplicate discarding, there should be three reordering functions in DAPS PDCP entity. It is too late to introduce this fundamental modification.

Observation 6: it depends on UE ROHC implementation whether and when to send a ROHC acknowledgement to target cell.
Observation 7: Even if this acknowledgement is received, we also need to specify a new ROHC compressor behavior, i.e. to allow compressor to operate in higher compression state only after compressor receives an acknowledgement from decompressor.
And we propose:

Proposal 1: RAN2 confirm to specify “For downlink, the ROHC protocol of the target cell maintains the IR state if operating in U-mode and O-mode during DAPS handover.”
Proposal 2: If companies don’t prefer to get specific ROHC mode involved, RAN2 to specify “For downlink, the ROHC protocol of the target cell maintains the IR state during DAPS handover.”
4 References
[1]. R3-200044, Baseline CR for introducing Rel-16 NR mobility enhancement, Intel Corporation
[2]. R2-2002165, Outcome of offline discussion 209 for closing UP issues (PDCP/RLC/MAC) and discussing remaining open items for DAPS, LG Electronics Inc
[3]. IETF RFC 3095: "RObust Header Compression (ROHC): Framework and four profiles: RTP, UDP, ESP and uncompressed".
5 Annex
5.1 TP for TS 38.323
5.7.4
Header compression

If header compression is configured, the header compression protocol generates two types of output packets:

-
compressed packets, each associated with one PDCP SDU;

-
standalone packets not associated with a PDCP SDU, i.e. interspersed ROHC feedback.

A compressed packet is associated with the same PDCP SN and COUNT value as the related PDCP SDU. The header compression is not applicable to the SDAP header and the SDAP Control PDU if included in the PDCP SDU.

For DAPS bearers, the PDCP entity shall perform the header compression for the PDCP SDU using the ROHC protocol either configured for the source cell or configured for the target cell, based on to which cell the PDCP SDU is transmitted. For downlink, the ROHC protocol of the target cell maintains the IR state during DAPS handover.
Interspersed ROHC feedback are not associated with a PDCP SDU. They are not associated with a PDCP SN and are not ciphered.

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.

5.2 TP for TS 36.323
5.5.4
Header compression

The header compression protocol generates two types of output packets:

-
compressed packets, each associated with one PDCP SDU

-
standalone packets not associated with a PDCP SDU, i.e. interspersed ROHC feedback packets

A compressed packet is associated with the same PDCP SN and COUNT value as the related PDCP SDU.
For DAPS bearers, the PDCP entity shall perform the header compression for the PDCP SDU using the ROHC protocol either configured for the source cell or configured for the target cell, based on to which cell the PDCP SDU is transmitted. For downlink, the ROHC protocol of the target cell maintains the IR state during DAPS handover.
Interspersed ROHC feedback packets are not associated with a PDCP SDU. They are not associated with a PDCP SN and are not ciphered.

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.
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