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Introduction
The concept of Dual Active Protocol Stacks (DAPS) handover currently discussed in RAN2 is based on RLC-AM supporting in-sequence delivery and lossless transmission, i.e. PDCP Sequence Numbers are maintained on a per DRB basis during an inter-node handover.
[bookmark: _Hlk23259362]At the RAN2#107bis meeting, a working assumption was reached to support PDCP SN continuity also for RLC-UM DRBs during a DAPS handover, but not to support lossless transmission e.g. by means of RLC-AM retransmission mechanisms.
Working assumption 
1	RLC UM with PDCP SN number continuity is supported for DAPS. We do not attempt to make RLC UM lossless by introducing RLC AM mechanisms.


It was further concluded that proponents for RLC-UM DAPS support shall provide detailed descriptions (CRs) for the next meeting. This contribution addresses this request.
Discussion
In-sequence delivery – stage 2 impact
To be able to support in-sequence delivery for services mapped on DRBs using RLC-UM, the network and the UE shall not reset the PDCP SN and HFN when transmission is started in the target cell. Instead the PDCP sequence numbering is maintained on a per bearer basis just as when using RLC-AM.
This particular issue has already been discussed in RAN3 and a stage 2 text proposal for LTE and NR were agreed at the RAN3#105 meeting, [1]. An extract of the CR for TS 38.300, section 9.2.3.2.2 U-plane handling is shown below (a similar text proposal is also agreed for TS 36.300).
[image: ]
From a network perspective, the RAN3 agreed change to TS 36.300/38.300 implies, if PDCP SN and HFN are provided by the source node in the SN STATUS TRANSFER message for a given DRB, the target node shall allocate the next PDCP SN to a DL packet (which does not have a PDCP SN yet) according to the information in the SN STATUS TRANSFER message, regardless if the DRB concerned is mapped on RLC-UM or on RLC-AM.
Likewise, the target node expects the UE to send the first UL packet in the target cell with the PDCP SN as indicated in the SN STATUS TRANSFER message.
It seems to us no other changes are needed in stage 2 to fulfil in-sequence delivery for DRBs mapped on RLC-UM.
[bookmark: _Toc23318606][bookmark: _Toc23336895][bookmark: _Toc23341533][bookmark: _Toc23346691][bookmark: _Toc23407203][bookmark: _Toc23418924][bookmark: _Toc24015780][bookmark: _Toc24020713]The RAN3 agreed text proposal to TS 36.300/38.300 fulfils the need to support PDCP SN continuity for RLC-UM DRBs during a DAPS HO.
In-sequence delivery – stage 3 impact
RRC specification impact
At RAN2#107bis, a working assumption was reached to support DAPS HO configuration on a per DRB basis (WA agreed provided the specification impact is small). This requires the source node to indicate to the UE, on a per bearer basis, which DRBs are to be configured for DAPS HO and which DRBs are not.
As this change is needed already for DRBs mapped on RLC-AM, the same change can also be re-used for DRBs mapped on RLC-UM.
[bookmark: _Hlk24015880][bookmark: _Toc24015781][bookmark: _Toc24020714]The possibility to configure DAPS HO on a per DRB basis can be reused to also point out if a DRB mapped on RLC-UM is to be configured for DAPS HO.
PDCP specification impact
The ongoing email discussion on PDCP [2] discussing the DAPS HO impact to TS 36.323/38.323 does not take into account any changes related to RLC-UM and DAPS HO support. This is rightly so, since company contributions on RLC-UM DAPS HO support is expected to this RAN2 meeting. 
However, since most of the  characteristics for a bearer for which DAPS HO is enabled (from here on called “DAPS bearer”) are similar regardless if the DRB is mapped on RLC-AM or on RLC-UM, one may expect that many of the proposed changes to TS 36.323/38.323 for the RLC-AM based “DAPS bearer”, will also be valid for a DRB mapped on RLC-UM supporting DAPS HO.
Examples of common “DAPS bearer” characteristics are dual RLC associations, switching point of UL data transmission, ROHC and ciphering handling including number of ROHC instances for compression/decompression and release of source configuration.
[bookmark: _Toc23336896][bookmark: _Toc23341534][bookmark: _Toc23346692][bookmark: _Toc23407204][bookmark: _Toc23418925][bookmark: _Toc24015782][bookmark: _Toc24020715]Most of the new “DAPS bearer” characteristics currently proposed to TS 36.323/38.323 are also valid for an RLC-UM DRB supporting DAPS HO.
As proposed by some companies in the PDCP email discussion [2], the PDCP specification will likely be more clear if the PDCP entity handling for a “DAPS bearer” is described as a new procedure in a separate section in clause 5.1. The difference at re-establishment of a “DAPS bearer” mapped on RLC-AM versus a “DAPS bearer” mapped on RLC-UM is then preferably described in this new section.
The most obvious difference between the two transmission modes when DAPS HO is configured is the behaviour at reception of the UE internal indication of uplink data switch from source to target cell. For the UM DRB supporting DAPS HO, no retransmissions will be performed, neither in the source cell, nor in the target cell.
A text proposal for the uplink data switch in the new 5.1.x PDCP entity DAPS re-establishment section (the name of the new procedure is FFS) could be specified as follows (text for AM DRBs is excluded):
For a DAPS PDCP entity when uplink data switch is indicated from lower layer, the transmitting DAPS PDCP entity shall:
· for UM DRBs, for each PDCP SDU already associated with a PDCP SN but for which a corresponding PDU has not previously been submitted to the RLC entity associated with the source cell;
· [bookmark: _Hlk23339555]perform transmission to the RLC entity associated with the target cell of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP entity DAPS re-establishment, as specified in clause 5.2.1.
Here we assume that the transmit operation in section 5.2.1 is modified for a “DAPS bearer”, for instance for the choice of header compression protocol, ciphering and integrity protection (source or target cell), etc. This type of changes can however be specified as a common text for AM DRBs and UM DRBs supporting DAPS HO.
[bookmark: _Toc23407198][bookmark: _Toc23407994][bookmark: _Toc23408066][bookmark: _Toc23418927][bookmark: _Toc24015775][bookmark: _Toc24016086][bookmark: _Toc24016340][bookmark: _Toc24019919][bookmark: _Toc24019939][bookmark: _Toc24020717]For the DAPS configured UM DRB, no retransmissions shall be performed by the UE in the source cell or in the target cell at transmission switch between the two cells.
Another impact to the PDCP spec is the handling of the COUNT value at switch of transmission/reception from the source to the target cell. Compared to a legacy PDCP entity re-establishment, the transmitting PDCP entity shall not set TX_NEXT (which is used to determine the COUNT value) to the initial value for the DAPS configured UM DRB.
[bookmark: _Hlk23335512][bookmark: _Toc23336899][bookmark: _Toc23341530][bookmark: _Toc23346694][bookmark: _Toc23346859][bookmark: _Toc23407199][bookmark: _Toc23407995][bookmark: _Toc23408067][bookmark: _Toc23418928][bookmark: _Toc24015776][bookmark: _Toc24016087][bookmark: _Toc24016341][bookmark: _Toc24019920][bookmark: _Toc24019940][bookmark: _Toc24020718]Compared to a legacy PDCP entity re-establishment, the transmitting PDCP entity shall not set TX_NEXT to the initial value for the DAPS configured UM DRB.
Similar to the transmitting PDCP entity during the new PDCP entity DAPS re-establishment procedure, the receiving PDCP entity shall not set RX_NEXT and RX_DELIV to the initial value for the DAPS configured UM DRB.
[bookmark: _Toc23336900][bookmark: _Toc23341531][bookmark: _Toc23346695][bookmark: _Toc23346860][bookmark: _Toc23407200][bookmark: _Toc23407996][bookmark: _Toc23408068][bookmark: _Toc23418929][bookmark: _Toc24015777][bookmark: _Toc24016088][bookmark: _Toc24016342][bookmark: _Toc24019921][bookmark: _Toc24019941][bookmark: _Toc24020719]Compared to a legacy PDCP entity re-establishment, the receiving PDCP entity shall not set RX_NEXT and RX_DELIV to the initial value for the DAPS configured UM DRB.
Duplication check of DL PDCP SDUs in the target cell
As discussed in our companion paper [3], early forwarding of DL PDCP SDUs from source to target implies that DL transmission can start immediately when the UE has completed the handover to the target cell.
On the other hand, due to the buffering of DL PDCP SDUs in the target node, early data forwarding also increases the risk of sending duplicated packets on the radio interface. This will have a bad impact to the target of 0ms handover interruption time and should therefore be avoided.
To minimize the number of duplicated PDCP PDUs sent from the target node to the UE (i.e. PDCP PDUs with a SN already received by the UE in the source cell), a DL PDCP duplication check can be performed in the target node based on a PDCP Status Report sent by the UE.
[bookmark: _Hlk23407687]However, today the PDCP Status Report format is only applicable for DRBs mapped on RLC-AM [4], so for the target node to support a DL PDCP duplication check also for DRBs mapped on RLC-UM, the PDCP Status Report transmit operation in TS 38.323/36.323 need to be modified to also support RLC-UM DRBs.
A text proposal for support of transmitting a PDCP Status Report for UM DRBs is provided in section 3.1.
Whether there is a need for the network to also send a PDCP Status Report for UM DRBs is FFS.
[bookmark: _Toc23341532][bookmark: _Toc23346696][bookmark: _Toc23346861][bookmark: _Toc23407201][bookmark: _Toc23407997][bookmark: _Toc23408069][bookmark: _Toc23418930][bookmark: _Toc24015778][bookmark: _Toc24016089][bookmark: _Toc24016343][bookmark: _Toc24019922][bookmark: _Toc24019942][bookmark: _Toc24020720]Introduce support for transmission of PDCP Status Report for UM DRBs during the DAPS HO according to the enclosed text proposal for TS 38.323/36.323.
[bookmark: _Hlk23344305]A small change is likely also needed in TS 38.331/36.331 for requesting the UE to send a PDCP Status Report during the DAPS HO procedure. Today the StatusReportRequired field in PDCP-Config IE is defined as conditionally included for RLC-AM DRBs only.
The most straight forward solution is perhaps to simply define a new optional Rel-16 field valid for both RLC-AM and RLC-UM DRBs.
[bookmark: _Toc23346697][bookmark: _Toc23346862][bookmark: _Toc23407202][bookmark: _Toc23407998][bookmark: _Toc23408070][bookmark: _Toc23418931][bookmark: _Toc24015779][bookmark: _Toc24016090][bookmark: _Toc24016344][bookmark: _Toc24019923][bookmark: _Toc24019943][bookmark: _Toc24020721]Define a new optional Rel-16 field in TS 38.331/36.331 requesting a PDCP Status Report for any type of DRB (RLC-AM or RLC-UM) configured for DAPS HO.
Text proposal
Text proposal to TS 38.323
[bookmark: _Hlk23339989][bookmark: _Toc12616342]Below is a text proposal to TS 38.323, to illustrate the impact of adding support for transmitting a PDCP Status Report for UM DRBs at DAPS handover. It is written on top of the 38.323 running CR for support of DAPS PDCP [5].  
================ first change ================
5.4.1	Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery.
For DRBs configured by upper layers to send a PDCP status report in the uplink (DAPSstatusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when a PDCP entity DAPS re-establishment is requested by lower layer.
Editor´s note: The name of the new Rel-16 statusReportRequired field in TS 38.331 and the name of the new PDCP entity procedure (here titled “PDCP entity DAPS re-establishment") is FFS.
If a PDCP status report is triggered, the receiving PDCP entity shall:
-	compile a PDCP status report as indicated below by:
-	setting the FMC field to RX_DELIV;
-	if RX_DELIV < RX_NEXT:
-	allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;
-	setting in the bitmap field as '0' for all PDCP SDUs that have not been received, and optionally PDCP SDUs for which decompression have failed;
-	setting in the bitmap field as '1' for all PDCP SDUs that have been received;
-	submit the PDCP status report to lower layers as the first PDCP PDU for transmission via the transmitting PDCP entity as specified in clause 5.2.1.

================ last change ================
[bookmark: _Toc12616372]6.2.3.1	Control PDU for PDCP status report
[bookmark: _Hlk23340084]Figure 6.2.3.1-1 shows the format of the PDCP Control PDU carrying one PDCP status report. This format is applicable for AM DRBs and UM DRBs.


Figure 6.2.3.1-1: PDCP Control PDU format for PDCP status report

Conclusion
In section 2 we made the following observations:
Observation 1	The RAN3 agreed text proposal to TS 36.300/38.300 fulfils the need to support PDCP SN continuity for RLC-UM DRBs during a DAPS HO.
Observation 2	The possibility to configure DAPS HO on a per DRB basis can be reused to also point out if a DRB mapped on RLC-UM is to be configured for DAPS HO.
Observation 3	Most of the new “DAPS bearer” characteristics currently proposed to TS 36.323/38.323 are also valid for an RLC-UM DRB supporting DAPS HO.

Based on the discussion in section 2 we propose the following:
Proposal 1	For the DAPS configured UM DRB, no retransmissions shall be performed by the UE in the source cell or in the target cell at transmission switch between the two cells.
Proposal 2	Compared to a legacy PDCP entity re-establishment, the transmitting PDCP entity shall not set TX_NEXT to the initial value for the DAPS configured UM DRB.
Proposal 3	Compared to a legacy PDCP entity re-establishment, the receiving PDCP entity shall not set RX_NEXT and RX_DELIV to the initial value for the DAPS configured UM DRB.
Proposal 4	Introduce support for transmission of PDCP Status Report for UM DRBs during the DAPS HO according to the enclosed text proposal for TS 38.323/36.323.
Proposal 5	Define a new optional Rel-16 field in TS 38.331/36.331 requesting a PDCP Status Report for any type of DRB (RLC-AM or RLC-UM) configured for DAPS HO.
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For RLC-UM bearers:

- The PDCP SN and HFN are reset in the target gNB, if DL and UL status are not received from source gNB.
- No PDCP SDUs are retransmitted in the target gNB.





