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1	Introduction
It has been agreed that the UE shall send PDU status reports to the target cell at a DAPS handover to avoid packet duplication. For RLC AM radio bearers the PDU status reports shall take place, if so configured by statusReportRequired, both at UL switching and at release of the source cell.
At the RAN2#109bis-e meeting it was agreed that PDCP status report shall be supported also for DL UM radio bearers (but then only at the UL switch):
Agreements
S2.6-2: Keep original agreement that RLC UM (UL/DL) with PDCP SN number continuity is supported for DAPS.
S2.2-1-1: The PDCP status report (to avoid packet duplication) for DL UM DRBs is needed for DAPS HO.
S3.2: PDCP status report for UM is mandatory to support for DAPS capable UE.
S3.2b: Secondary PDCP status report for AM is mandatory to support for DAPS capable UE.

It was then agreed that the statusReportRequired field shall be used also for RLC UM radio bearers to configure whether to transmit the PDCP status report. Since the statusReportRequired field has earlier only been used for RLC AM radio bearers the name of the condition “Rlc-AM” shall be changed to “Rlc-AM-UM”, and the definition of the condition shall then be updated to include also settings for RLC UM radio bearers:
RRC S2.2-1: Condition for statusReportRequired should be changed to Rlc-AM-UM “For RLC AM or RLC UM ( if dapsConfig is configured for this bearer), the field is optionally present, need R. Otherwise, the field is absent.”.

The agreement has been implemented in the CRs to 38.331 and 36.331 in [1] and [2], respectively. The agreement, and implementation in the specifications, however restricts the cases where the statusReportRequired can be configured for an RLC UM radio bearer, which may have a negative impact on the HO success rate. This issue is discussed in this contribution.

[bookmark: _Ref178064866]2	Discussion
During a DAPS handover the UE will have a simultaneous downlink connection to both the source PCell and the target PCell for some time. In order to minimize packet duplication, i.e. to avoid that DL PDUs that the UE has already received in the source cell are transmitted also in the target PCell, it has been agreed that the UE sends a PDCP status report to the target cell. In the PDCP specification 38.323 v16.0.0 (and likewise in 36.323 v16.0.0) it has been implemented that PDCP status report is transmitted at uplink data switching for RLC AM bearers, if statusReportRequired is configured.
The statusReportRequired field is configured within the PDCP-Config in both 38.331 and 36.331:
From 38.331 v16.0.0:
PDCP-Config ::=         SEQUENCE {
    drb                     SEQUENCE {
        discardTimer            ENUMERATED {ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200,
                                            ms250, ms300, ms500, ms750, ms1500, infinity}       OPTIONAL, -- Cond Setup
        pdcp-SN-SizeUL          ENUMERATED {len12bits, len18bits}                               OPTIONAL, -- Cond Setup2
        pdcp-SN-SizeDL          ENUMERATED {len12bits, len18bits}                               OPTIONAL, -- Cond Setup2
        headerCompression       CHOICE {
            notUsed                 NULL,
            rohc                    SEQUENCE {
                maxCID                  INTEGER (1..16383)                                      DEFAULT 15,
                profiles                SEQUENCE {
                    profile0x0001           BOOLEAN,
                    profile0x0002           BOOLEAN,
                    profile0x0003           BOOLEAN,
                    profile0x0004           BOOLEAN,
                    profile0x0006           BOOLEAN,
                    profile0x0101           BOOLEAN,
                    profile0x0102           BOOLEAN,
                    profile0x0103           BOOLEAN,
                    profile0x0104           BOOLEAN
                },
                drb-ContinueROHC            ENUMERATED { true }                                 OPTIONAL    -- Need N
            },
            uplinkOnlyROHC          SEQUENCE {
                maxCID                  INTEGER (1..16383)                                      DEFAULT 15,
                profiles                SEQUENCE {
                    profile0x0006           BOOLEAN
                },
                drb-ContinueROHC            ENUMERATED { true }                                 OPTIONAL    -- Need N
            },
            ...
        },
        integrityProtection     ENUMERATED { enabled }                                          OPTIONAL,   -- Cond ConnectedTo5GC1
        statusReportRequired    ENUMERATED { true }                                             OPTIONAL,   -- Cond Rlc-AM
        outOfOrderDelivery      ENUMERATED { true }                                             OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond DRB

< remaining parts skipped >

From 36.331 v16.0.0:
PDCP-Config ::=						SEQUENCE {
	discardTimer						ENUMERATED {
											ms50, ms100, ms150, ms300, ms500,
											ms750, ms1500, infinity
	}															OPTIONAL,			-- Cond Setup
	rlc-AM								SEQUENCE {
		statusReportRequired				BOOLEAN
	}															OPTIONAL,			-- Cond Rlc-AM

< remaining parts skipped >

At the RAN2#109bis-e meeting it has been agreed that PDCP status report shall be transmitted (if so configured) also at release of source cell for RLC AM radio bearers and at uplink data switching for RLC UM radio bearers. Also these transmissions are configured with statusReportRequired in PDCP-Config.
The statusReportRequired is currently restricted to RLC-AM radio bearers, using the condition “Rlc-AM”. Since it now shall be used also for RLC-UM bearers it has thus been agreed to rename the condition to “Rlc-AM-UM” and then change the definition correspondingly. The agreement at RAN2-#109bis-e, which is for NR RRC and also has been implemented in [1], was:
RRC S2.2-1: Condition for statusReportRequired should be changed to Rlc-AM-UM “For RLC AM or RLC UM ( if dapsConfig is configured for this bearer), the field is optionally present, need R. Otherwise, the field is absent.”.
The corresponding change for 36.331 implemented in [2] is:
	Rlc-AM-UM
	The field is mandatory present upon setup of a PDCP entity for a radio bearer configured with RLC AM. The field is optional, need ON, in case of reconfiguration of a PDCP entity at handover, at the first reconfiguration after RRC re-establishment or at SCG change involving PDCP re-establishment or PDCP data recovery for a radio bearer configured with RLC AM. The field is optional, need OR, for a DAPS radio bearer configured with RLC UM. Otherwise the field is not present.



For LTE the statusReportRequired field is defined as a BOOLEAN in 36.331 and it is thus mandatory present at setup of RLC AM radio bearers so that there always is a configured value for it. The field is then also optional, need ON, in later cases where it may be reconfigured, e.g. at handovers, so that the UE always maintains a value for it.
For NR, the field is instead defined as ENUMERATED {true}, which means that it will instead by default have the value “false” (i.e. not be set) if it is not configured. According to the condition there is then no restriction for when the statusReportRequired configuration can be included for RLC AM radio bearers in NR. The field would however still typically be configured when the radio bearer is setup and then used at the related events, e.g. at a DAPS handover.
[bookmark: _Toc40946543]For RLC AM radio bearers the statusReportRequired field is configured at setup of the DRB (PDCP entity) and can then later be reconfigured if needed.
[bookmark: _Toc40946544]The statusReportRequired field is typically configured when the radio bearer is setup and then used at the related events.

For RLC UM radio bearers, the agreement to restrict inclusion to when DAPS is configured for the bearer however means that the statusReportRequired can only be included in the HO Command message. This is since the DAPS configuration, and thus the DAPS bearer, only exists temporarily as a result of the (DAPS) HO Command and then during the DAPS handover until the source cell is released. The Rlc-AM-UM conditions in [1] and [2] thus mean that the PDCP-Config, with the statusReportRequired field, needs to be included in the actual HO Command message.
Since the HO Command message typically is sent when the radio conditions are getting worse, the size of that message should be kept as small as possible. If the size of the HO Command message increases it will have a negative impact on the HO success rate. It should therefore be possible to include the statusReportRequired field for RLC UM radio bearers in other messages than the HO Command, just as for RLC AM. However, the field should not be included for RLC UM radio bearers for legacy UEs, which do not support this. Since the field is only relevant for the DAPS feature it should therefore instead be restricted to UEs that support the DAPS feature.
[bookmark: _Toc40946545]For RLC UM radio bearers the statusReportRequired field can currently only be configured within the (DAPS) HO Command message.
[bookmark: _Toc40946546]The size of the HO Command message should be kept as small as possible to avoid negative impacts on HO success rate.
[bookmark: _Toc40946550]The condition for inclusion of the statusReportRequired field for RLC-UM radio bearers should be changed so that it is not restricted to when the bearer is configured for DAPS. It should instead be restricted to when the UE supports DAPS.

For LTE where the statusReportRequired field is defined as a BOOLEAN, it should also be clear what value that is configured when it is to be checked. To make it mandatory to include at setup of the PDCP entity/bearer, as for RLC AM, would not work since a legacy eNB (or one that does not support DAPS) would not set it. Instead it could be clarified in the field description that for RLC UM it has the value FALSE if it has not been configured. It should then also be updated to be optional need ON, just as for RLC AM.
[bookmark: _Toc40946551]In 36.331, if the statusReportRequired field has not been configured for an RLC-UM radio bearer it should by default have the value FALSE. It should then be optional, need ON.

In 36.331 the statusReportRequired field is included within the struct named “rlc-AM”. Since it now to be used also for RLC UM radio bearers (for DAPS HO), we think that the name of the struct also should be changed to “rlc-AM-UM”, just as the corresponding condition, to avoid unnecessary confusion.
[bookmark: _Toc40946552]In 36.331 the name of the struct “rlc-AM”, which includes the statusReportRequired field, should be changed to “rlc-AM-UM”.

Text proposals with the corresponding changes to 38.331 and 36.331, based on the latest CRs in [1] and [2] respectively can be found in the appendix. It is proposed to include these changes to the specifications.
[bookmark: _Toc40946553]Include the Text Proposal in Annex A.1 to TS 38.331.
[bookmark: _Toc40946554]Include the Text Proposal in Annex A.2 to TS 36.331.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For RLC AM radio bearers the statusReportRequired field is configured at setup of the DRB (PDCP entity) and can then later be reconfigured if needed.
Observation 2	The statusReportRequired field is typically configured when the radio bearer is setup and then used at the related events.
Observation 3	For RLC UM radio bearers the statusReportRequired field can currently only be configured within the (DAPS) HO Command message.
Observation 4	The size of the HO Command message should be kept as small as possible to avoid negative impacts on HO success rate.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	The condition for inclusion of the statusReportRequired field for RLC-UM radio bearers should be changed so that it is not restricted to when the bearer is configured for DAPS. It should instead be restricted to when the UE supports DAPS.
Proposal 2	In 36.331, if the statusReportRequired field has not been configured for an RLC-UM radio bearer it should by default have the value FALSE. It should then be optional, need ON.
Proposal 3	In 36.331 the name of the struct “rlc-AM”, which includes the statusReportRequired field, should be changed to “rlc-AM-UM”.
Proposal 4	Include the Text Proposal in Annex A.1 to TS 38.331.
Proposal 5	Include the Text Proposal in Annex A.2 to TS 36.331.

Text proposals showing the changes in TS 38.331 and in TS 36.331 can be found in the appendix.
[bookmark: _In-sequence_SDU_delivery]
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A	Annex
A.1	Text proposal for 38.331
Below is a text proposal for TS 38.331. It is based on the CR in [1], with the new changes highlighted.
START OF CHANGES
[bookmark: _Toc20426036][bookmark: _Toc29321432][bookmark: _Toc36757202][bookmark: _Toc36836743][bookmark: _Toc36843720][bookmark: _Toc37068009]–	PDCP-Config
< Some parts skipped >
	Conditional presence
	Explanation

	DRB
	This field is mandatory present when the corresponding DRB is being set up, absent for SRBs. Otherwise this field is optionally present, need M.

	DRB-Only
	This field is optionally present in case of DRB, need M. Otherwise, it is absent for SRBs.

	MoreThanOneRLC
	This field is mandatory present upon RRC reconfiguration with setup of a PDCP entity for a radio bearer with more than one associated logical channel and upon RRC reconfiguration with the association of additional logical channels to the PDCP entity.
The field is also mandatory present in case the field moreThanTwoRLC is included in PDCP-Config.
Upon RRC reconfiguration when a PDCP entity is associated with multiple logical channels, this field is optionally present need M. Otherwise, this field is absent. Need R.

	MoreThanTwoRLC
	This field is mandatory present upon RRC reconfiguration with setup of a PDCP entity for a radio bearer with more than two associated logical channels and upon RRC reconfiguration with the association of more than one additional logical channel to the PDCP entity.
Upon RRC reconfiguration when none of the RLC entities is re-established, this field is optionally present, Need M. Otherwise, the field is absent, Need R.

	Rlc-AM-UM
	For RLC UM (if the UE supports DAPS HO) or RLC AM, the field is optionally present, need R. Otherwise, the field is absent.

	Setup
	The field is mandatory present in case of radio bearer setup. Otherwise the field is optionally present, need M.

	SplitBearer
	The field is absent for SRBs. Otherwise, the field is optional present, need M, in case of radio bearer with more than one associated RLC mapped to different cell groups.

	SplitBearer2
	The field is mandatory present, in case of a split radio bearer. Otherwise the field is absent.

	ConnectedTo5GC
	The field is optionally present, need R, if the UE is connected to 5GC. Otherwise the field is absent.

	ConnectedTo5GC1
	The field is optionally present, need R, if the UE is connected to NR/5GC. Otherwise the field is absent.

	Setup2
	This field is mandatory present in case for radio bearer setup for RLC-AM and RLC-UM. Otherwise, this field is absent, Need M.




END OF CHANGES

A.2	Text proposal for 36.331
Below is a text proposal for TS 36.331. It is based on the CR in [2], with the new changes highlighted.
START OF CHANGES
[bookmark: _Toc20487300][bookmark: _Toc29342595][bookmark: _Toc29343734][bookmark: _Toc36566999][bookmark: _Toc36810439][bookmark: _Toc36846803][bookmark: _Toc36939456][bookmark: _Toc37082436]
–	PDCP-Config
The IE PDCP-Config is used to set the configurable PDCP parameters for data radio bearers.
PDCP-Config information element
-- ASN1START

PDCP-Config ::=						SEQUENCE {
	discardTimer						ENUMERATED {
											ms50, ms100, ms150, ms300, ms500,
											ms750, ms1500, infinity
	}															OPTIONAL,			-- Cond Setup
	rlc-AM-UM								SEQUENCE {
		statusReportRequired				BOOLEAN
	}															OPTIONAL,			-- Cond Rlc-AM-UM
	rlc-UM								SEQUENCE {
		pdcp-SN-Size						ENUMERATED {len7bits, len12bits}
	}															OPTIONAL,			-- Cond Rlc-UM
	headerCompression					CHOICE {
		notUsed								NULL,
		rohc								SEQUENCE {
			maxCID								INTEGER (1..16383)				DEFAULT 15,
			profiles							SEQUENCE {
				profile0x0001						BOOLEAN,
				profile0x0002						BOOLEAN,
				profile0x0003						BOOLEAN,
				profile0x0004						BOOLEAN,
				profile0x0006						BOOLEAN,
				profile0x0101						BOOLEAN,
				profile0x0102						BOOLEAN,
				profile0x0103						BOOLEAN,
				profile0x0104						BOOLEAN
			},
			...
		}
	},
	...,
	[[	rn-IntegrityProtection-r10		ENUMERATED {enabled}	OPTIONAL	-- Cond RN
	]],
	[[	pdcp-SN-Size-v1130				ENUMERATED {len15bits}	OPTIONAL	-- Cond Rlc-AM2
	]],
	[[	ul-DataSplitDRB-ViaSCG-r12		BOOLEAN		OPTIONAL,	-- Need ON
		t-Reordering-r12				ENUMERATED {
										ms0, ms20, ms40, ms60, ms80, ms100, ms120, ms140,
										ms160, ms180, ms200, ms220, ms240, ms260, ms280, ms300,
										ms500, ms750, spare14, spare13, spare12, spare11, spare10,
										spare9, spare8, spare7, spare6, spare5, spare4, spare3,
										spare2, spare1}					OPTIONAL	-- Cond SetupS
	]],
	[[	ul-DataSplitThreshold-r13		CHOICE {
			release						NULL,
			setup						ENUMERATED {
										b0, b100, b200, b400, b800, b1600, b3200, b6400, b12800,
										b25600, b51200, b102400, b204800, b409600, b819200,
										spare1}
		}																OPTIONAL,	-- Need ON
		pdcp-SN-Size-v1310				ENUMERATED {len18bits}	OPTIONAL,	-- Cond Rlc-AM3
		statusFeedback-r13				CHOICE {
			release						NULL,
			setup						SEQUENCE {
				statusPDU-TypeForPolling-r13		ENUMERATED {type1, type2}		OPTIONAL,	-- Need ON
				statusPDU-Periodicity-Type1-r13		ENUMERATED {
										ms5, ms10, ms20, ms30, ms40, ms50, ms60, ms70, ms80, ms90,
										ms100, ms150, ms200, ms300, ms500, ms1000, ms2000, ms5000,
										ms10000, ms20000, ms50000}		OPTIONAL,	-- Need ON
				statusPDU-Periodicity-Type2-r13		ENUMERATED {
										ms5, ms10, ms20, ms30, ms40, ms50, ms60, ms70, ms80, ms90,
										ms100, ms150, ms200, ms300, ms500, ms1000, ms2000, ms5000,
										ms10000, ms20000, ms50000}		OPTIONAL,	-- Need ON
				statusPDU-Periodicity-Offset-r13	ENUMERATED {
										ms1, ms2, ms5, ms10, ms25, ms50, ms100, ms250, ms500,
										ms2500, ms5000, ms25000}	OPTIONAL	-- Need ON
			}
		}																OPTIONAL	-- Need ON
	]],
	[[	ul-LWA-Config-r14			CHOICE {
			release						NULL,
			setup						SEQUENCE {
				ul-LWA-DRB-ViaWLAN-r14		BOOLEAN,
				ul-LWA-DataSplitThreshold-r14	ENUMERATED {
										b0, b100, b200, b400, b800, b1600, b3200, b6400,
										b12800, b25600, b51200, b102400, b204800, b409600,
										b819200 }			OPTIONAL	-- Need OR
			}
		}														OPTIONAL,		-- Need ON
		uplinkOnlyHeaderCompression-r14		CHOICE {
			notUsed-r14							NULL,
			rohc-r14								SEQUENCE {
				maxCID-r14								INTEGER (1..16383)		DEFAULT 15,
				profiles-r14							SEQUENCE {
					profile0x0006-r14						BOOLEAN
				},
				...
			}
		}													OPTIONAL -- Need ON
	]],
	[[	uplinkDataCompression-r15	SEQUENCE {
			bufferSize-r15				ENUMERATED {kbyte2, kbyte4, kbyte8, spare1},
			dictionary-r15				ENUMERATED {sip-SDP, operator}	OPTIONAL, -- Need OR
			...
		}															OPTIONAL,-- Cond Rlc-AM4
		pdcp-DuplicationConfig-r15	CHOICE {
			release						NULL,
			setup						SEQUENCE {
				pdcp-Duplication-r15		ENUMERATED {configured, activated}
			}
		}													OPTIONAL -- Need ON
	]],
	[[
	ethernetHeaderCompression-r16	CHOICE {
		notUsed-r16		NULL,
		ehc-r16			SEQUENCE {
			ehc-Common-r16		SEQUENCE {
				ehc-HeaderSize-r16		ENUMERATED {byte1, byte2},
				...
			},
			ehc-Downlink-r16	SEQUENCE {
				drb-ContinueEHC-DL-r16		ENUMERATED {true}		OPTIONAL, -- Need ON
				...
			}	OPTIONAL,   -- Need ON
			ehc-Uplink-r16		SEQUENCE {
				drb-ContinueEHC-UL-r16		ENUMERATED {true}		OPTIONAL, -- Need ON
				...
			}	OPTIONAL,   -- Need ON
			...
		},
		...
	}													OPTIONAL     -- Cond DRB
	]]
}

-- ASN1STOP

< Some parts skipped >

	PDCP-Config field descriptions

	statusReportRequired
Indicates whether or not the UE shall send a PDCP Status Report upon re-establishment of the PDCP entity, and upon PDCP data recovery, upon uplink data switching during DAPS handover and upon release of the source cell after DAPS handover as specified in TS 36.323 [8]. For RLC UM radio bearers, the field has the value FALSE if it has not been configured.



< Some parts skipped >

	Conditional presence
	Explanation

	DRB
	This field is mandatory present when the corresponding DRB is being set up, absent for SRBs. Otherwise this field is optionally present, need ON.

	Rlc-AM-UM
	The field is mandatory present upon setup of a PDCP entity for a radio bearer configured with RLC AM. The field is optional, need ON, in case of reconfiguration of a PDCP entity at handover, at the first reconfiguration after RRC re-establishment or at SCG change involving PDCP re-establishment or PDCP data recovery for a radio bearer configured with RLC AM. The field is optional, need ON, for a radio bearer configured with RLC UM (if the UE supports DAPS HO). Otherwise the field is not present.

	Rlc-AM2
	The field is optionally present, need OP, upon setup of a PDCP entity for a radio bearer configured with RLC AM. Otherwise the field is not present.

	Rlc-AM3
	The field is optionally present, need OP, upon setup of a PDCP entity for a radio bearer configured with RLC AM, if pdcp-SN-Size-v1130 is absent. Otherwise the field is not present.

	Rlc-AM4
	The field is optionally present, need ON, upon setup of a PDCP entity for a radio bearer configured with RLC AM. The field is optional, need OP, in case of reconfiguration of a PDCP entity at handover, or at the first reconfiguration after RRC re-establishment. Otherwise the field is not present and the UE shall continue to use the existing value.

	Rlc-UM
	The field is mandatory present upon setup of a PDCP entity for a radio bearer configured with RLC UM. It is optionally present, Need ON, upon handover within E-UTRA, upon the first reconfiguration after re-establishment and upon SCG change involving PDCP re-establishment. Otherwise the field is not present.

	RN
	The field is optionally present when signalled to the RN, need OR. Otherwise the field is not present.

	Setup
	The field is mandatory present in case of radio bearer setup. Otherwise the field is optionally present, need ON.

	SetupS
	The field is mandatory present in case of setup of or reconfiguration to a split DRB or LWA DRB. The field is optionally present upon reconfiguration of a split DRB or LWA DRB or upon DRB type change from split to MCG DRB or from LWA to LTE only, need ON. Otherwise the field is not present.




END OF CHANGES
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