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1	Introduction
At RAN2#107bis, the following working assumption was made:
Working assumption
[bookmark: _Hlk24023134]19	DAPS configuration per DRB is agreed as working assumption as long as the specification impact is small. 

This working assumption was then confirmed at the RAN2#108 meeting:
Agreements

1 Confirm working assumption on per-DRB DAPS.
2	DRB not configured for DAPS is handled same way as in legacy HO.
FFS how to handle the fallback to source cell when target cell fails.


Different alternatives for how to configure a DAPS handover (supporting per DRB configuration) have been included in the running CRs to LTE [1] and NR [2]. The topic was also included in the 108#66 email discussion, with the proposal to use the alternative in the NR running CR, i.e. with a DAPS indication included in each DRB configuration (in DRB-ToAddMod).
This contribution compares the two alternatives, such as the impact on the size of the RRC Reconfiguration (HO Command) message.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk24023759][bookmark: _Hlk24024189][bookmark: _Hlk24024290]2.1	DAPS configuration in handover command
2.1.1	How to specify DAPS configuration in the RRC Reconfiguration message (HO Command)
Two alternatives to indicate that DAPS handover is configured for some or all DRBs have been included in the running CRs to 36.331 [1] and 38.331 [2].
In the 36.331 running CR, an optional struct daps-HO-r16 is added in MobilityControlInfo as seen in Figure 1 below. For the case that DAPS is only configured for a subset of the DRBs, a list of the DRBs for which DAPS is configured is then included. The handover is then to be performed as a DAPS handover only for the listed DRBs. If the list is not included, DAPS HO is then configured for all the existing DRBs.
MobilityControlInfo ::=		SEQUENCE {
	targetPhysCellId					PhysCellId,
	carrierFreq							CarrierFreqEUTRA					OPTIONAL,	-- Cond HO-toEUTRA2
	carrierBandwidth					CarrierBandwidthEUTRA				OPTIONAL,	-- Cond HO-toEUTRA
	additionalSpectrumEmission			AdditionalSpectrumEmission			OPTIONAL,	-- Cond HO-toEUTRA
	t304								ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, ms10000-v1310},
	newUE-Identity						C-RNTI,
	radioResourceConfigCommon			RadioResourceConfigCommon,
	rach-ConfigDedicated				RACH-ConfigDedicated				OPTIONAL,	-- Need OP
	...,
	[[	carrierFreq-v9e0				CarrierFreqEUTRA-v9e0				OPTIONAL	-- Need ON
	]],
	[[	drb-ContinueROHC-r11			ENUMERATED {true}					OPTIONAL	-- Cond HO
	]],
	[[	mobilityControlInfoV2X-r14	MobilityControlInfoV2X-r14				OPTIONAL,	-- Need ON
		handoverWithoutWT-Change-r14	ENUMERATED {keepLWA-Config, sendEndMarker}	OPTIONAL,	-- Cond HO
		makeBeforeBreak-r14				ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-Skip-r14					RACH-Skip-r14						OPTIONAL,	-- Need OR
		sameSFN-Indication-r14			ENUMERATED {true}					OPTIONAL	-- Cond HO-SFNsynced
	]],
	[[
		mib-RepetitionStatus-r14		BOOLEAN								OPTIONAL,	-- Need OR
		schedulingInfoSIB1-BR-r14		INTEGER (0..31)						OPTIONAL	-- Cond HO-SFNsynced
	]],
	[[	daps-HO-r16						DAPS-HO-Config-r16					OPTIONAL	-- Cond NotFullConfig
	]]
}

…

DAPS-HO-Config-r16 ::=				SEQUENCE {
	listOfDAPS-DRBs-r16				SEQUENCE (SIZE (1.. maxDRB-r15)) OF DRB-Identity		OPTIONAL, – Need FFS
	...
}

[bookmark: _Ref31814907][bookmark: _Ref31876792]Figure 1 DAPS indication(s) in MobilityControlInfo in LTE

In the 38.331 running CR, an optional dapsConfig-r16 indication is instead included as a release extension within DRB-ToAddMod, as can be seen in Figure 2 below. The handover is then performed as a DAPS handover for the DRBs with this DAPS indication configured.
DRB-ToAddModList ::=                    SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod

DRB-ToAddMod ::=                        SEQUENCE {
    cnAssociation                           CHOICE {
        eps-BearerIdentity                      INTEGER (0..15),
        sdap-Config                             SDAP-Config
    }                                                                                               OPTIONAL,   -- Cond DRBSetup
    drb-Identity                            DRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    recoverPDCP                             ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...,
	[[
	dapsConfig-r16                          ENUMERATED{true}                                        OPTIONAL      --Need N
	]]
}
[bookmark: _Ref31818478]Figure 2 DAPS indication(s) in DRB-ToAddModList in NR

2.1.2	Size impact on RRC Reconfiguration message (HO Command)
Since a handover is typically initiated when the source cell is suffering from bad radio conditions, an important aspect is to keep the size of the HO command message to a minimum, in order to have a successful transmission. Otherwise the success rate of the handovers will suffer negatively, with an increase of radio link failures. The impact to the size of the HO Command message, due to inclusion of the DAPS indications, should therefore be taken into account.
[bookmark: _Toc32503075]The size of the HO Command message should be kept to a minimum to avoid an increase in HO failures.

New parameters can be added to existing Information Elements (IEs) in a later release if it includes the release extension possibility “…”. New parameters are then added within a release specific extension “[[ ]]” (one per release). This can be seen in the example in Figure 3 below, where there is an IE Sequence_A that have 2 such extensions defined, one with 2 Rel-14 parameters and one with a Rel-15 parameter.
Sequence_A ::=	SEQUENCE {
	Parameter-1						TYPE1			OPTIONAL,		-- Need XX
	Parameter-2						TYPE2,
	...,
	[[	Paremeter-3-r14					TYPE3			OPTIONAL		-- Need XX
		Paremeter-4-r14					TYPE4			OPTIONAL		-- Need XX
	]],
	[[	Paremeter-5-r15					TYPE5			OPTIONAL		-- Need XX
	]]
[bookmark: _Ref31918036]Figure 3 IE with release extensions
To include the extension possibility for an IE (i.e. the “…”), requires a single bit in the encoded SEQUENCE. This is thus the cost in size to support such future flexibility for the IE. When extensions later are added (as in Figure 3), the cost is still only one bit as long as none of the extensions is actually signaled.
However, when any of the extensions (“[[ ]]”) is actually used, a generic “extension overhead” is added to the encoded message, consisting of a length indicator (number of available extensions) and a bitmap indicating what extensions are present. This generic “extension overhead” normally requires 8 bits if only a single extension (“[[ ]]”) is available in the IE definition and then one additional bit per defined extension. A similar “overhead” is then also added by the encoder for each extension that is actually signaled. This includes a length indicator for the specific extension (on octet level) and a number of padding bits for the corresponding octet alignment. The extension specific length indicator is 8 bits long and the additional overhead per signaled extension (“[[ ]]”) is thus at least 2 octets (including the content).
As seen in section 2.1.1 the DAPS configuration is, in both alternatives, added as a Rel-16 extension in MobilityControlInfo or DRB-ToAddMod, respectively. The corresponding “extension overheads” will thus be present in the encoded messages.
For the MobilityControlInfo alternative, it would then require 28 additional bits to include the DAPS configuration if DAPS is configured for all DRBs. This includes 12 bits for generic extension overhead (with 5 defined release extensions) and 2 octets for the Rel-16 extension (with the included DAPS configuration). This is then for the case that there is no other release extension signaled in the same MobilityControlInfo. If there would be another release extension included, e.g. rach-Skip-r14, the additional cost would instead only be the 2 octets to include the Rel-16 extension.
In case DAPS is to be performed only for a subset of the DRBs, i.e. some are performed as non-DAPS during the same handover, the size of the Rel-16 extension content would increase with 4 bits plus 5 bits per DAPS DRB. The 4 bits is a generic field to indicate the number of DRBs that are included in the list. The encoded size would however depend on whether a new octet then needs to be added.
Even if it has been agreed to support that DAPS handover is only configured for some of the DRBs, it can however be assumed that a DAPS HO would typically be configured for all the DRBs. DAPS handover is supported for both RLC AM and RLC UM bearers and there is no clear benefit in running some DRBs as non-DAPS during a DAPS handover procedure.
[bookmark: _Toc32503076]It can be assumed that a DAPS HO will normally be configured for all DRBs.

The alternative to put the DAPS indication within DRB-ToAddMod in LTE (36.331), corresponding to the alternative in [2], can be seen in Figure 4 below.
[bookmark: OLE_LINK4]DRB-ToAddModList ::=				SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddModList-r15 ::=			SEQUENCE (SIZE (1..maxDRB-r15)) OF DRB-ToAddMod

DRB-ToAddModListSCG-r12 ::=		SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModSCG-r12
DRB-ToAddModListSCG-r15 ::=		SEQUENCE (SIZE (1..maxDRB-r15)) OF DRB-ToAddModSCG-r12

DRB-ToAddMod ::=	SEQUENCE {
	eps-BearerIdentity					INTEGER (0..15)			OPTIONAL,		-- Cond DRB-Setup
	drb-Identity						DRB-Identity,
	pdcp-Config							PDCP-Config				OPTIONAL,		-- Cond PDCP
	rlc-Config							RLC-Config				OPTIONAL,		-- Cond SetupM
	logicalChannelIdentity				INTEGER (3..10)			OPTIONAL,		-- Cond DRB-SetupM
	logicalChannelConfig				LogicalChannelConfig	OPTIONAL,		-- Cond SetupM
	...,
	[[	drb-TypeChange-r12					ENUMERATED {toMCG}		OPTIONAL,		-- Need OP
		rlc-Config-v1250					RLC-Config-v1250		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1310					RLC-Config-v1310		OPTIONAL,		-- Need ON
		drb-TypeLWA-r13						BOOLEAN					OPTIONAL,		-- Need ON
		drb-TypeLWIP-r13					ENUMERATED {lwip, lwip-DL-only,
											lwip-UL-only, eutran}		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1430					RLC-Config-v1430		OPTIONAL,		-- Need ON
		lwip-UL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwip-DL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwa-WLAN-AC-r14			ENUMERATED {ac-bk, ac-be, ac-vi, ac-vo}	OPTIONAL	-- Cond UL-LWA
	]],
	[[	rlc-Config-v1510					RLC-Config-v1510		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1530					RLC-Config-v1530		OPTIONAL, 		-- Need ON
		rlc-BearerConfigSecondary-r15		RLC-BearerConfig-r15	OPTIONAL,		-- Need ON
		logicalChannelIdentity-r15		INTEGER (32..38)			OPTIONAL		-- Need ON
	]],
	[[	dapsHO-Config-r16					ENUMERATED {true}		OPTIONAL		-- Need FFS
	]]
}
[bookmark: _Ref31803040]Figure 4 DAPS indication in DRB-ToAddMod in LTE
To use this alternative means that DRB-ToAddMod needs to be included in the RRC message for each DAPS DRB, even if there is no simultaneous reconfiguration of the DRB. Each such DRB-ToAddMod would then require 39 additional bits. This includes 5bits for the DRB-Identity, 5 bits for the Rel-8 optional parameters, 13 bits for the generic “extension overhead” (with 6 defined release extensions) and 2 octets for the Rel-16 extension (with the included DAPS indication). This is thus the increase in size of the RRCConnectionReconfiguration message per DAPS DRB, compared to when there is no other reconfiguration of the same DRB. In addition there is then a need to include an indication (4 bits) about the number of elements in the DRB-ToAddModList, as soon as at least one DRB-ToAddMod is included. In case there would be another reconfiguration, which is not a release extension (e.g. a change in the pdcp-Config), of the DRB in the same message the increase in size would instead be 29 bits for that DRB.
The maximum of DRBs that can be configured (through DRB-ToAddMod) is 15 in LTE and 29 in NR. A UE is however typically configured with fewer DRBs. Some examples of the increase in size of the RRCConnectionReconfiguration (HO Command) message with the two alternatives, for different number of DRBs and depending on whether all or only a subset of the DRBs are subject to DAPS HO, can be seen in Table 1 below.
	
	DAPS config within MobilityControlInfo
	DAPS config within DRB-ToAddMod
(no simultaneous DRB reconfiguration in same message)
	DAPS config within DRB-ToAddMod
(simultaneous reconfiguration of each DRB in same message)

	1 DAPS DRB
(subset of DRBs)
	36
	43
	29

	1 DAPS DRB
(only DRB)
	28
	43
	29

	2 DAPS DRBs
(subset of DRBs)
	36
	82
	58

	2 DAPS DRBs
(all DRBs)
	28
	82
	58

	3 DAPS DRBs
(subset of DRBs)
	44
	121
	87

	3 DAPS DRBs
(all DRBs)
	28
	121
	87

	14 DAPS DRBs
(subset of DRBs)
	100
	550
	406

	14 DAPS DRBs
(all DRBs)
	28
	550
	406

	15 DAPS DRBs
(all DRBs)
	28
	589
	435


[bookmark: _Ref31920571]Table 1 Additional message size (in bits) required to signal DAPS configuration (in LTE).
From Table 1 it can be seen that the additional size required to signal DAPS indications is similar for the two alternatives if just a single DRB is configured for DAPS. However, if two or more DRBs are to be configured for DAPS the additional required size will be significantly larger to include it in DRB-ToAddMod compared to the alternative to have it in MobilityControlInfo.
The differences in additional size required are similar in NR for the alternatives to include the DAPS configuration in each DRB-ToAddMod or in ReconfigurationWithSync. To include a DAPS indication as Rel-16 extension within DRB-ToAddMod will there require 24 additional bits per DAPS DRB, even when comparing with the case that the DRB-ToAddMod would anyway be included. If we compare with the case that it would not be included, i.e. there is no simultaneous DRB reconfiguration at the handover, it would instead require 33 additional bits per DAPS DRB plus 4 bits to indicate the number of elements in DRB-ToAddModList.
[bookmark: _Toc32503077]If two or more DRBs are configured for DAPS, to include the DAPS configuration in each DRB-ToAddMod in the RRC Reconfiguration message (HO Command) would increase the size of the message significantly more than to include it in MobilityControlInfo/ReconfigurationWithSync.

2.1.3	Comparison of alternatives
[bookmark: _GoBack]As seen in section 2.1.2 the alternative to have the DAPS indication within the MobilityControlInfo has the advantage that the size needed to include it in the HO Command message is a lot smaller than for the alternative to have the DAPS indication within each DRB-ToAddMod in the HO Command message. The gain is especially large when all the DRBs are configured for DAPS, as there then is no need to include any list. This should also be the typical case. This alternative also has the advantage that if other parameters will be needed for DAPS in future releases, e.g. DAPS specific timer values, they can easily be included in the same struct. Since the DAPS configuration concerns details of the configured HO it makes sense to include it in the MobilityControlInfo, which is anyways always included in the HO Command message (RRCConnectionReconfiguration with MobilityControlInfo).
The significant impact on the size of the RRC Reconfiguration (HO Command) message for the DRB-ToAddMod alternative is based on that the DAPS indication(s) then are so called “one-shot” parameters. An alternative for including the DAPS configuration in the DRB-ToAddMod could however be to let it part of the actual DRB configuration, i.e. not a “one-shot” parameter only valid for a handover triggered with the same RRC Reconfiguration message. In that case it could be configured in advance (prior to the handover) and would thus not need to be included in the HO Command message. In that case the size impact for the HO Command message can be smaller or even completely avoided. However, it would then need to be included in the HO Command message in case the handover is not to be performed according to the current DRB configuration. This would e.g. then also lead to that in case a DRB is configured for DAPS but a normal handover is to be performed, the corresponding DRB-ToAddMod would need to be included in order to configure the normal (non-DAPS) handover.
[bookmark: _Toc32503078]If the DAPS configuration is part of the actual DRB configuration, i.e. not a “one-shot” parameter, it may be excluded from the HO Command message. However, in case a normal (non-DAPS) handover is to be performed, the DRB(s) would then instead need to be reconfigured to non-DAPS in the HO Command message, with the corresponding size impact.

In case the DAPS indication is part of the DRB configuration, it should also be considered whether to include it in the corresponding DRB-ToAddMod(s) that are transmitted in the inter-node signaling, i.e. within the HandoverPreparationInformation message. If it is a “one-shot” parameter that is only transmitted in the HO Command message (and thus only valid for that handover), it should not be part of the DRB configuration in the HandoverPreparationInformation message, since it is not part of the source cell configuration. However, if the DAPS indication is considered part of the actual DRB configuration it would then also be present within the corresponding DRB-ToAddMod(s) within the HandoverPreparationInformation message. That would then however mean that in case the target node is e.g. a Rel-15 eNB/gNB that does not support the Rel-16 extensions, it would need to configure a handover using full configuration.
[bookmark: _Toc32503079]If the DAPS configuration is part of the actual DRB configuration, a target node not supporting the Rel-16 extensions would need to use a full configuration.

Due to the reasons above we propose:
[bookmark: _Toc32503080]The DAPS configuration should be included as a Rel-16 extension within MobilityControlInfo in LTE.
[bookmark: _Toc32503081]The DAPS configuration should be included as a Rel-16 extension within ReconfigurationWithSync in NR.
[bookmark: _Toc32503082]If the DAPS configuration is included in DRB-ToAddMod (i.e. P1/P2 above are not agreed), RAN2 should then clarify if it is part of the DRB configuration (i.e. not a “one-shot” parameter) and then can be configured prior to the handover.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The size of the HO Command message should be kept to a minimum to avoid an increase in HO failures.
Observation 2	It can be assumed that a DAPS HO will normally be configured for all DRBs.
Observation 3	If two or more DRBs are configured for DAPS, to include the DAPS configuration in each DRB-ToAddMod in the RRC Reconfiguration message (HO Command) would increase the size of the message significantly more than to include it in MobilityControlInfo/ReconfigurationWithSync.
Observation 4	If the DAPS configuration is part of the actual DRB configuration, i.e. not a “one-shot” parameter, it may be excluded from the HO Command message. However, in case a normal (non-DAPS) handover is to be performed, the DRB(s) would then instead need to be reconfigured to non-DAPS in the HO Command message, with the corresponding size impact.
Observation 5	If the DAPS configuration is part of the actual DRB configuration, a target node not supporting the Rel-16 extensions would need to use a full configuration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The DAPS configuration should be included as a Rel-16 extension within MobilityControlInfo in LTE.
Proposal 2	The DAPS configuration should be included as a Rel-16 extension within ReconfigurationWithSync in NR.
Proposal 3	If the DAPS configuration is included in DRB-ToAddMod (i.e. P1/P2 above are not agreed), RAN2 should then clarify if it is part of the DRB configuration (i.e. not a “one-shot” parameter) and then can be configured prior to the handover.
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