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Introduction
Enhanced mobility procedures for LTE have been discussed at several RAN2 meetings and the following agreements have been reached for RACH-less handover.
RAN2#95:
1. The asynchronous RACH-less solution is excluded.
2. Only the RACH-less solution that the TA value of the source cell is reused for the targeted cell, or TA=0 will be further considered.
3. The subframe allocation and uplink grant format can be configured by RRC message. If the subframe allocation and uplink grant format is configured, the starting subframe of the configured uplink grant is provided by the target eNB in RRC message. If UE doesn’t receive UL grant in RRC message, it will monitor PDCCH of the target eNB for UL grant. UE doesn’t need to know the SFN of the target eNB.
Note: The above agreement in red colour can be revisited because the inconsistency issue pointed out by Intel.
4. RACH-less solution can be used for SCG change and handover scenarios.

RAN2#95bis:
1. The UE should release the UL grant indicated by RRC when T304 stops. The trigger condition to stop T304 should be identified via email discussion.
2. Agree to the existing scheduling intervals in the running CR.

RAN2#96:
1. Trigger condition of stopping T304 is receiving a PDCCH with UE CRNTI from the target cell(s).
2. No need to introduce TPC command in the UL grant configured in RRC.
3. The NTA of any source TAG in sync can be explicitly configured to UE to be reused for the target PTAG/PSTAG.
4. Non-adaptive retransmissions on the UL grant configured by RRC are allowed and prioritized. How to capture this should be further studied through email discussion.
5. For the UL grant configured by RRC, non-adaptive retransmissions are done based on redundancy version zero.

At the RACH-less handover/SCG change UL grants are pre-allocated for the UE in the target cell and transmitted to the UE in the RRCConnectionReconfiguration message in the source PCell. It has not been defined in [1] until when these UL grants are pre-allocated for the UE except that when the UE has successfully accessed the target cell, i.e. successfully transmitted the UL RRC message and then received a PDCCH with UE C-RNTI, they should be released by the UE. This paper discusses the release of the UL grant resources when there is no successful access to the target cell.

[bookmark: _Ref178064866]Discussion
Release of pre-allocated UL grant
[bookmark: _Toc462416535][bookmark: _Toc462421473][bookmark: _Toc462421475][bookmark: _Toc464992101]There is an agreement for RACH-less handover/SCG change that the pre-allocated UL grant shall be released by the UE when it stops timer T304. According to the agreement at RAN2#96, this corresponds to when the UE receives a PDCCH with UE CRNTI from the target cell(s).
There is however no agreement on when the pre-allocated UL grant shall be released in case there is no successful access to the target cell. A description of when the pre-allocated UL grant shall be released in this case is also missing in the running CR to TS 36.331 in [1].
The handover and SCG change procedures sometimes fail in the legacy systems when the RACH procedure is used. Since the RACH procedure provides the UE with an accurate TA value and power adjustment in the target cell it can thus be assumed that the risk for unsuccessful handover/SCG change will be higher without the RACH procedure. There is therefore a need to agree on when the UE shall no longer consider the pre-allocated UL grants as valid when there is no successful access to the target cell.
The target eNB must pre-allocate the UL grants for the UE (at least) from the first possible point in time that the UE may be ready for the transmission in the target cell. Since the purpose of the RACH-less procedure is to reduce the latency, the UL grants should then be frequent to minimize the waiting time for the UE before it can transmit the RRCConnectionReconfigurationComplete message. The UL grants for the UE in the target cell can be pre-allocated with an interval of 1, 2, 5 or 10ms [1].
The UL grants that are pre-allocated in the target cell for the UE at the RACH-less handover/SCG change cannot be used for any other UE or purpose. Pre-allocated UL grants that are not successfully used by the UE thus lead to a waste of UL resources in the target cell and should be minimized.

[bookmark: _Toc465070724][bookmark: _Toc465081590][bookmark: _Toc465944604][bookmark: _Toc469133896][bookmark: _Toc472604487][bookmark: _Toc472664439][bookmark: _Toc472690809][bookmark: _Toc472851581][bookmark: _Toc472941678][bookmark: _Toc472950000][bookmark: _Toc473752090][bookmark: _Toc469140572][bookmark: _Toc469141199][bookmark: _Toc473916187][bookmark: _Toc473916341]There is no agreement on when the pre-allocated UL grant, included in the RRCConnectionReconfiguration message, shall be released if there is no successful access to the target cell.
[bookmark: _Toc472604488][bookmark: _Toc472664440][bookmark: _Toc472690810][bookmark: _Toc472851582][bookmark: _Toc472941679][bookmark: _Toc472950001][bookmark: _Toc473752091][bookmark: _Toc473916188][bookmark: _Toc473916342]It is not defined in the running CR to TS 36.331 in [1] until when the UL grants are pre-allocated to the UE when there is no successful access to the target cell.
[bookmark: _Toc472604486][bookmark: _Toc472664438][bookmark: _Toc472690808][bookmark: _Toc472851580][bookmark: _Toc472941680][bookmark: _Toc472950002][bookmark: _Toc473752092][bookmark: _Toc473916189][bookmark: _Toc473916343]UL grants that are pre-allocated in the target cell for the UE at the RACH-less handover/SCG change cannot be used for any other UE or purpose. The pre-allocated UL grants are thus wasted resources when they are not successfully used by the UE and should be minimized.

[bookmark: _Toc472604492][bookmark: _Toc472690814][bookmark: _Toc472851586][bookmark: _Toc472941675][bookmark: _Toc472950006][bookmark: _Toc473752096][bookmark: _Toc473916193][bookmark: _Toc473916347]RAN2 to discuss and agree on when the pre-allocated UL grant in the RRCConnectionReconfiguration message shall be released, in case there is no successful access to the target cell. The agreed solution should be included in the CR to TS 36.331.

Options for release of pre-allocated UL grants in case of no successful access to target cell
Three different options for when the UE should release the pre-allocated UL grants, when there is no prior successful access to the target cell, are presented in this section. The specification impacts for the different options are included in the Annex.
Option 1: The UL grants are pre-allocated for the UE until expiry of T304/T307

In option 1 the UE considers the UL grants to be pre-allocated until the timer T304/T307 expires, unless the timer is stopped prior to that. The eNB will thus need to reserve UL resources for the UE to transmit the RRC message every 1, 2, 5 or 10ms, as long as T304/T307 may be running.
Timer T304 is started by the UE at successful reception of the RRCConnectionReconfiguration with MobilityControlInfo. The UE then needs to perform e.g. DL synchronizing and RF tuning to the target cell, successful transmission of the RRCConnectionReconfigurationComplete message and then receive a PDCCH with the UE C-RNTI before it can stop the timer again. The handling of T307 at an SCG change is similar. The lowest timer values would thus lead to a high HO/SCG change failure rate and should not be used, but instead a suitable value of T304/T307 is in the order of hundreds of milliseconds. If option 1 is used, the eNB therefore needs to reserve UL resources for the UE during one or several hundreds of milliseconds.
Another drawback with option 1 is that the target eNB does not know when the timer T304 (or T307) expires in the UE since it does not know when it is started. This because after transmitting the HO command message to the source eNB there are e.g. delays on the X2 interface as well as delays for successful transmission of the RRCConnectionReconfiguration message in the source cell and the target eNB is not aware of these. The latter depends e.g. on the scheduling of the message as well as the current radio performance for the UE in the source cell. In addition, the UE does not have to remain in the source cell to acknowledge the reception of the RRCConnectionReconfiguration message. The specific moment that the UE starts the T304/T307 timer will thus not be known by the eNB. To avoid that UL resources that the UE considers as being pre-allocated to it are allocated to any other UE, leading to collision between the UEs, the eNB would therefore need to reserve the UL resources for a time period that is even longer than T304/T307. This leads to further waste of resources.
As long as the UL transmission is not successful, the UE would continue with PUSCH transmissions until expiry of T304/T307. This will lead to additional UE power consumption and interference in the network. Since the purpose of the RACH-less handover/SCG change is to decrease the latency, it doesn’t anyway make sense to continue with PUSCH retransmissions for a long time period.
The specification impacts for option 1 are included in the annex (in 5.1).
[bookmark: _Toc469133899][bookmark: _Toc469140574][bookmark: _Toc469141201][bookmark: _Toc472604490][bookmark: _Toc472664442][bookmark: _Toc472690811][bookmark: _Toc472851583][bookmark: _Toc472941681][bookmark: _Toc472950003][bookmark: _Toc473752093][bookmark: _Toc473916190][bookmark: _Toc473916344]Setting the timers T304/T307 to the lowest values leads to a higher HO/SCG change failure rate. It should thus not be assumed that the lowest value for T304/T307 is used at the handover/SCG change.
[bookmark: _Toc469133897][bookmark: _Toc469140573][bookmark: _Toc469141200][bookmark: _Toc472604489][bookmark: _Toc472664441][bookmark: _Toc472690812][bookmark: _Toc472851584][bookmark: _Toc472941682][bookmark: _Toc472950004][bookmark: _Toc473752094][bookmark: _Toc473916191][bookmark: _Toc473916345]The start and expiry of timer T304/T307 is not known by the target eNB.
[bookmark: _Toc469133898][bookmark: _Toc469140575][bookmark: _Toc469141202][bookmark: _Toc472604491][bookmark: _Toc472664443][bookmark: _Toc472690813][bookmark: _Toc472851585][bookmark: _Toc472941683][bookmark: _Toc472950005][bookmark: _Toc473752095][bookmark: _Toc473916192][bookmark: _Toc473916346]Releasing the pre-allocated UL grant only at expiry of timer T304/T307 leads to a significant waste of resources and increased UE power consumption and interference at failure cases.

Option 2: A new timer, which may be shorter than T304/T307, defining when the UE shall release the pre-allocated UL grants is introduced.
In option 2 a new timer is defined in the RRCConnectionReconfiguration message to indicate when the UE shall release the pre-allocated UL grants. The new timer would be started by the UE at the same time as timer T304/T307 but may be set to a shorter time and thus expire earlier.
The overall handover/SCG change procedure would still be governed by T304/T307 but the UL grants would be released by the UE earlier. Thereafter the UE would fallback to the legacy behaviour using the RACH procedure. Option 2 thus leads to a significant lower waste of UL resources, as well as a reduced UE power consumption and interference, compared to option 1 at failure cases. The handover failure rate will also be lower than for option 1 since, in case of e.g. errors in received TA value or power level, the UE would fallback to the RACH procedure.
Also for this option, the target eNB would however not know exactly when the new timer expires since it does not when it is started by the UE. The eNB would thus need to reserve UL resources for the UE for a time period longer than the actual time value.
The specification impacts for option 2 are included in the annex (in 5.2).

Option 3: The UE releases the pre-allocated UL grants at a radio frame included in the RRCConnectionReconfiguration message, where the radio frame is based on the source cell SFN value.
In option 3 the target eNB indicates, in the RRCConnectionReconfiguration message the point in time where the UE shall release the pre-allocated UL grants. The point in time is given as an SFN (System Frame Number), based on the source cell SFN. The source cell SFN is known by the UE why it is not required to read the MIB in the target cell prior to the handover/SCG change. As for option 2, when the pre-allocated UL grants have been released the UE may fallback to the legacy RACH procedure while the T304/T307 timer is still running. 
The inclusion of the SFN value in the RRCConnectionReconfiguration message would be optional for the eNB, since the target eNB needs to know the difference in SFN between the source cell and the target cell in this option. This will however be the case in the vast majority of cases where the RACH-less handover/SCG change procedures will be used.
The specification impacts for option 3 are included in the annex (in 5.3).
Option 3 reduces the waste of resources, as well as the UE power consumption and interference, even further since it removes the misalignment between the target eNB and the UE. Also for option 3 the handover failure rate will be lower than for option 1 since, in case of e.g. errors in received TA value or power level, the UE would fallback to the RACH procedure. It is therefore proposed to agree option 3, according to the indicated changes in the annex (in 5.3), for inclusion in the CR to TS 36.331. For the case where the SFN parameter is not included the sourcing company has no strong opinion whether option 1 or option 2 should be used as fallback.
[bookmark: _Toc465081594][bookmark: _Toc465944608][bookmark: _Toc469133904][bookmark: _Toc469140577][bookmark: _Toc469140994][bookmark: _Toc469141024][bookmark: _Toc469141204][bookmark: _Toc472584826][bookmark: _Toc472604493][bookmark: _Toc472690815][bookmark: _Toc472851587][bookmark: _Toc472941676][bookmark: _Toc472950007][bookmark: _Toc473752097][bookmark: _Toc473916194][bookmark: _Toc473916348]RAN2 to include option 3 in the CR to TS 36.331.

Conclusion
Based on the discussion we have the following observations and proposals. 
Observation 1	There is no agreement on when the pre-allocated UL grant, included in the RRCConnectionReconfiguration message, shall be released if there is no successful access to the target cell.
Observation 2	It is not defined in the running CR to TS 36.331 in [1] until when the UL grants are pre-allocated to the UE when there is no successful access to the target cell.
Observation 3	UL grants that are pre-allocated in the target cell for the UE at the RACH-less handover/SCG change cannot be used for any other UE or purpose. The pre-allocated UL grants are thus wasted resources when they are not successfully used by the UE and should be minimized.
Observation 4	Setting the timers T304/T307 to the lowest values leads to a higher HO/SCG change failure rate. It should thus not be assumed that the lowest value for T304/T307 is used at the handover/SCG change.
Observation 5	The start and expiry of timer T304/T307 is not known by the target eNB.
Observation 6	Releasing the pre-allocated UL grant only at expiry of timer T304/T307 leads to a significant waste of resources and increased UE power consumption and interference at failure cases.

Proposal 1	RAN2 to discuss and agree on when the pre-allocated UL grant in the RRCConnectionReconfiguration message shall be released, in case there is no successful access to the target cell. The agreed solution should be included in the CR to TS 36.331.
Proposal 2	RAN2 to include option 3 in the CR to TS 36.331.
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Annex: Specification impacts (to TS 36.331) for inclusion of the different options

[bookmark: _Ref472950074]Option 1 - UL grants are pre-allocated until expiry of T304/T307
The specification impacts for option 1, based on the running CR to TS 36.331 in [1], are included highlighted in green in this section.

[bookmark: _Toc463007802]5.3.5.6	T304 expiry (handover failure)
The UE shall:
1>	if T304 expires (handover failure):
NOTE 1:	Following T304 expiry any dedicated preamble, if provided within the rach-ConfigDedicated, is not available for use by the UE anymore. Also UL grants provided within the rach-Skip are no longer available for the UE following the expiry of T304.
2>	revert back to the configuration used in the source PCell, excluding the configuration configured by the physicalConfigDedicated, the mac-MainConfig and the sps-Config;
2>	store the following handover failure information in VarRLF-Report by setting its fields as follows:
3>	clear the information included in VarRLF-Report, if any;
3>	set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
3>	set the measResultLastServCell to include the RSRP and RSRQ, if available, of the source PCell based on measurements collected up to the moment the UE detected handover failure and in accordance with the following;
4>	if the UE includes rsrqResult, include the lastServCellRSRQ-Type;
3>	set the measResultNeighCells to include the best measured cells, other than the source PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected handover failure, and set its fields as follows;
4>	if the UE was configured to perform measurements for one or more EUTRA frequencies, include the measResultListEUTRA;
4>	if the UE includes rsrqResult, include the rsrq-Type;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring UTRA frequencies, include the measResultListUTRA;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring GERAN frequencies, include the measResultListGERAN;
4>	if the UE was configured to perform measurement reporting for one or more neighbouring CDMA2000 frequencies, include the measResultsCDMA2000;
4>	for each neighbour cell included, include the optional fields that are available;
NOTE 2:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
3>	if detailed location information is available, set the content of the locationInfo as follows:
4>	include the locationCoordinates;
4>	include the horizontalVelocity, if available;
3>	set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the target PCell of the failed handover;
3>	include previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received;
3>	set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
3>	set the connectionFailureType to 'hof';
3>	set the c-RNTI to the C-RNTI used in the source PCell;
2>	initiate the connection re-establishment procedure as specified in 5.3.7, upon which the RRC connection reconfiguration procedure ends;
The UE may discard the handover failure information, i.e. release the UE variable VarRLF-Report, 48 hours after the failure is detected, upon power off or upon detach.
NOTE 3:	E-UTRAN may retrieve the handover failure information using the UE information procedure with rlf-ReportReq set to true, as specified in 5.6.5.3.

[bookmark: _Toc463007804]5.3.5.7a	T307 expiry (SCG change failure)
The UE shall:
1>	if T307 expires:
NOTE 1:	Following T307 expiry any dedicated preamble, if provided within the rach-ConfigDedicatedSCG, is not available for use by the UE anymore. Also UL grants provided within the rach-SkipSCG are no longer available for the UE following the expiry of T307.
2>	initiate the SCG failure information procedure as specified in 5.6.13 to report SCG change failure;


[bookmark: _Toc463008246]6.3.4	Mobility control information elements
…text omitted
[bookmark: _Toc463008272]–	MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.
MobilityControlInfo information element
-- ASN1START

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 OR
	]], 
	[[	makeBeforeBreak-r14				ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-Skip-r14					RACH-Skip-r14 						OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoSCG-r12 ::=		SEQUENCE {
	t307-r12							ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, spare1},
	ue-IdentitySCG-r12					C-RNTI							OPTIONAL,	-- Cond SCGEst,
	rach-ConfigDedicated-r12			RACH-ConfigDedicated			OPTIONAL,	-- Need OP
	cipheringAlgorithmSCG-r12		CipheringAlgorithm-r12		OPTIONAL,	-- Need ON
	...,
	[[	makeBeforeBreakSCG-r14			ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-SkipSCG-r14				RACH-Skip-r14 					OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoV2X-r14 ::=	SEQUENCE {
	v2x-CommTxPoolExceptional-r14		SL-CommResourcePoolV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommRxPool-r14					SL-CommRxPoolListV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommSyncConfig-r14				SL-SyncConfigListV2X-r14		OPTIONAL		-- Need OR
}

CarrierBandwidthEUTRA ::=			SEQUENCE {
	dl-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1},
	ul-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1}	OPTIONAL -- Need OP
}

CarrierFreqEUTRA ::=				SEQUENCE {
	dl-CarrierFreq						ARFCN-ValueEUTRA,
	ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL	-- Cond FDD
}

CarrierFreqEUTRA-v9e0 ::=			SEQUENCE {
	dl-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9,
	ul-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9			OPTIONAL	-- Cond FDD
}

RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		ptag-r14						NULL,
		pstag-r14						NULL,
		mcg-STAG-r14 					STAG-Id-r11,
		scg-STAG-r14 					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf1, sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}				OPTIONAL	-- Need OR
}


-- ASN1STOP

	MobilityControlInfo field descriptions

	additionalSpectrumEmission
For a UE with no SCells configured for UL in the same band as the PCell, the UE shall apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. For a UE with SCell(s) configured for UL in the same band as the PCell, the UE shall, in case all SCells configured for UL in that band are released after handover completion, apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, table 6.2.4-1].

	carrierBandwidth
Provides the parameters Downlink bandwidth, and Uplink bandwidth, see TS 36.101 [42].

	carrierFreq
Provides the EARFCN to be used by the UE in the target cell.

	cipheringAlgorithmSCG
Indicates the ciphering algorithm to be used for SCG DRBs. E-UTRAN includes the field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.

	dl-Bandwidth
Parameter: Downlink bandwidth, see TS 36.101 [42].

	drb-ContinueROHC
This field indicates whether to continue or reset, for this handover, the header compression protocol context for the RLC UM bearers configured with the header compression protocol. Presence of the field indicates that the header compression protocol context continues while absence indicates that the header compression protocol context is reset. E-UTRAN includes the field only in case of a handover within the same eNB.

	makeBeforeBreak 
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PCell, or through PUSCH to the target PCell while rach-Skip is configured.

	makeBeforeBreakSCG
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PSCell, or through PUSCH to the target PSCell while rach-SkipSCG is configured.

	mobilityControlInfoV2X
Indicates the sidelink configurations of the target cell for V2X sidelink communication during handover.

	numberOfConfUL-Processes 
The number of configured HARQ processes for preallocated uplink grant, see TS 36.321 [6, 5.x].

	rach-ConfigDedicated
The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].

	rach-Skip
This field indicates whether random access procedure for the target PCell is skipped.

	rach-SkipSCG
This field indicates whether random access procedure for the target PSCell is skipped.

	targetTA
This field refers to the timing adjustment indication, see TS 36.213 [23], indicating the NTA value which the UE shall use for the target PTAG of handover or the target PSTAG of SCG change. ta0 corresponds to NTA=0. ptag correponds to the latest NTA value of the source PTAG. pstag correponds to the latest NTA value of the source PSTAG. mcg-STAG correponds to the latest NTA value of a MCG STAG indicated by the STAG-Id. scg-STAG correponds to the latest NTA value of a SCG STAG indicated by the STAG-Id.

	t304
Timer T304 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on. EUTRAN includes extended value ms10000-v1310 only when UE supports CE.

	t307
Timer T307 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on.

	ul-Bandwidth
Parameter: Uplink bandwidth, see TS 36.101 [42, table 5.6-1]. For TDD, the parameter is absent and it is equal to downlink bandwidth. If absent for FDD, apply the same value as applies for the downlink bandwidth.

	ul-Grant
Indicates the resources of the target PCell/PSCell to be used for the uplink transmission of PUSCH [23, 8.x]. The indicated resources are valid until timer T304/T307 is stopped or expires.

	ul-SchedInterval
Indicates the scheduling interval in uplink, see TS 36.321 [6, 5.x]. Value in number of sub-frames. Value sf1 corresponds to 1 sub-frame, sf2 corresponds to 2 sub-frames and so on.

	ul-SubframeStart
Indicates the subframe in which the UE may initiate the uplink transmission, see TS 36.321 [6, 5.x]. Value 0 corresponds to subframe number 0, 1 correponds to subframe number 1 and so on. The subframe indicating a valid uplink grant according to the calculation of UL grant configured by ul-SubframeStart and ul-SchedInterval, see TS 36.321 [6, 5.x], is the same across all radio frames. 

	v2x-CommRxPool
Indicates reception pools for receiving V2X sidelink communication during handover. 

	v2x-CommSyncConfig
Indicates synchronization configurations for performing V2X sidelink communication during handover.

	v2x-CommTxPoolExceptional
Indicates the transmission resources by which the UE is allowed to transmit V2X sidelink communication during handover.



	Conditional presence
	Explanation

	FDD
	The field is mandatory with default value (the default duplex distance defined for the concerned band, as specified in TS 36.101 [42]) in case of “FDD”; otherwise the field is not present.

	HO
	This field is optionally present, need OP, in case of handover within E-UTRA when the fullConfig is not included; otherwise the field is not present.

	HO-toEUTRA
	The field is mandatory present in case of inter-RAT handover to E-UTRA; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is absent if carrierFreq-v9e0 is present. Otherwise it is mandatory present in case of inter-RAT handover to E-UTRA and optionally present, need ON, in all other cases.

	SCGEst
	This field is mandatory present in case of SCG establishment; otherwise the field is optionally present, need ON.



…text omitted


[bookmark: _Ref472950100]Option 2 - UL grants are pre-allocated until expiry of new timer
The specification impacts for option 2, based on the running CR to TS 36.331 in [1], are included highlighted in green in this section.

6.3.4	Mobility control information elements
…text omitted
–	MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.
MobilityControlInfo information element
-- ASN1START

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 OR
	]], 
	[[	makeBeforeBreak-r14				ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-Skip-r14					RACH-Skip-r14 						OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoSCG-r12 ::=		SEQUENCE {
	t307-r12							ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, spare1},
	ue-IdentitySCG-r12					C-RNTI							OPTIONAL,	-- Cond SCGEst,
	rach-ConfigDedicated-r12			RACH-ConfigDedicated			OPTIONAL,	-- Need OP
	cipheringAlgorithmSCG-r12		CipheringAlgorithm-r12		OPTIONAL,	-- Need ON
	...,
	[[	makeBeforeBreakSCG-r14			ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-SkipSCG-r14				RACH-Skip-r14 					OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoV2X-r14 ::=	SEQUENCE {
	v2x-CommTxPoolExceptional-r14		SL-CommResourcePoolV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommRxPool-r14					SL-CommRxPoolListV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommSyncConfig-r14				SL-SyncConfigListV2X-r14		OPTIONAL		-- Need OR
}

CarrierBandwidthEUTRA ::=			SEQUENCE {
	dl-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1},
	ul-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1}	OPTIONAL -- Need OP
}

CarrierFreqEUTRA ::=				SEQUENCE {
	dl-CarrierFreq						ARFCN-ValueEUTRA,
	ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL	-- Cond FDD
}

CarrierFreqEUTRA-v9e0 ::=			SEQUENCE {
	dl-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9,
	ul-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9			OPTIONAL	-- Cond FDD
}

RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		ptag-r14						NULL,
		pstag-r14						NULL,
		mcg-STAG-r14 					STAG-Id-r11,
		scg-STAG-r14 					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf1, sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16)),
		txxx							ENUMERATED {
											ms30, ms40, ms50, ms60, ms70, ms80,
											ms90, ms100 }              OPTIONAL,	-- Need OR
	}				OPTIONAL	-- Need OR
}


-- ASN1STOP

	MobilityControlInfo field descriptions

	additionalSpectrumEmission
For a UE with no SCells configured for UL in the same band as the PCell, the UE shall apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. For a UE with SCell(s) configured for UL in the same band as the PCell, the UE shall, in case all SCells configured for UL in that band are released after handover completion, apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, table 6.2.4-1].

	carrierBandwidth
Provides the parameters Downlink bandwidth, and Uplink bandwidth, see TS 36.101 [42].

	carrierFreq
Provides the EARFCN to be used by the UE in the target cell.

	cipheringAlgorithmSCG
Indicates the ciphering algorithm to be used for SCG DRBs. E-UTRAN includes the field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.

	dl-Bandwidth
Parameter: Downlink bandwidth, see TS 36.101 [42].

	drb-ContinueROHC
This field indicates whether to continue or reset, for this handover, the header compression protocol context for the RLC UM bearers configured with the header compression protocol. Presence of the field indicates that the header compression protocol context continues while absence indicates that the header compression protocol context is reset. E-UTRAN includes the field only in case of a handover within the same eNB.

	makeBeforeBreak 
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PCell, or through PUSCH to the target PCell while rach-Skip is configured.

	makeBeforeBreakSCG
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PSCell, or through PUSCH to the target PSCell while rach-SkipSCG is configured.

	mobilityControlInfoV2X
Indicates the sidelink configurations of the target cell for V2X sidelink communication during handover.

	numberOfConfUL-Processes 
The number of configured HARQ processes for preallocated uplink grant, see TS 36.321 [6, 5.x].

	rach-ConfigDedicated
The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].

	rach-Skip
This field indicates whether random access procedure for the target PCell is skipped.

	rach-SkipSCG
This field indicates whether random access procedure for the target PSCell is skipped.

	targetTA
This field refers to the timing adjustment indication, see TS 36.213 [23], indicating the NTA value which the UE shall use for the target PTAG of handover or the target PSTAG of SCG change. ta0 corresponds to NTA=0. ptag correponds to the latest NTA value of the source PTAG. pstag correponds to the latest NTA value of the source PSTAG. mcg-STAG correponds to the latest NTA value of a MCG STAG indicated by the STAG-Id. scg-STAG correponds to the latest NTA value of a SCG STAG indicated by the STAG-Id.

	t304
Timer T304 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on. EUTRAN includes extended value ms10000-v1310 only when UE supports CE.

	t307
Timer T307 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on.

	txxx
Timer Txxx as described in section 7.3. ms30 corresponds with 30 ms, ms40 corresponds with 40 ms and so on. If the timer value is not included, the timer shall be set to the same value as timer T304/T307.

	ul-Bandwidth
Parameter: Uplink bandwidth, see TS 36.101 [42, table 5.6-1]. For TDD, the parameter is absent and it is equal to downlink bandwidth. If absent for FDD, apply the same value as applies for the downlink bandwidth.

	ul-Grant
Indicates the resources of the target PCell/PSCell to be used for the uplink transmission of PUSCH [23, 8.x].

	ul-SchedInterval
Indicates the scheduling interval in uplink, see TS 36.321 [6, 5.x]. Value in number of sub-frames. Value sf1 corresponds to 1 sub-frame, sf2 corresponds to 2 sub-frames and so on.

	ul-SubframeStart
Indicates the subframe in which the UE may initiate the uplink transmission, see TS 36.321 [6, 5.x]. Value 0 corresponds to subframe number 0, 1 correponds to subframe number 1 and so on. The subframe indicating a valid uplink grant according to the calculation of UL grant configured by ul-SubframeStart and ul-SchedInterval, see TS 36.321 [6, 5.x], is the same across all radio frames. 

	v2x-CommRxPool
Indicates reception pools for receiving V2X sidelink communication during handover. 

	v2x-CommSyncConfig
Indicates synchronization configurations for performing V2X sidelink communication during handover.

	v2x-CommTxPoolExceptional
Indicates the transmission resources by which the UE is allowed to transmit V2X sidelink communication during handover.



	Conditional presence
	Explanation

	FDD
	The field is mandatory with default value (the default duplex distance defined for the concerned band, as specified in TS 36.101 [42]) in case of “FDD”; otherwise the field is not present.

	HO
	This field is optionally present, need OP, in case of handover within E-UTRA when the fullConfig is not included; otherwise the field is not present.

	HO-toEUTRA
	The field is mandatory present in case of inter-RAT handover to E-UTRA; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is absent if carrierFreq-v9e0 is present. Otherwise it is mandatory present in case of inter-RAT handover to E-UTRA and optionally present, need ON, in all other cases.

	SCGEst
	This field is mandatory present in case of SCG establishment; otherwise the field is optionally present, need ON.




…text omitted
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	T370
	Upon receiving SL-DiscConfig including a discSysInfoToReportConfig set to setup.
	Upon initiating the transmission of SidelinkUEInformation including discSysInfoReportFreqList, upon receiving SL-DiscConfig including discSysInfoToReportConfig set to release, upon handover and re-establishment.
	Release discSysInfoToReportConfig.

	Txxx
	Reception of RRCConnectionReconfiguration message including MobilityControlInfo or MobilityControlInfoSCG
	Criterion for successful completion of handover or SCG change
	Release UL grants in rach-Skip or rach-SkipSCG

	NOTE1:	Only the timers marked with "NOTE1" are applicable to NB-IoT.
NOTE2: 	The behaviour as specified in 7.3.2 applies




[bookmark: _Ref472941698][bookmark: _Ref472950151]Option 3 - UL grants are pre-allocated until (source cell) SFN
The specification impacts for option 3, based on the running CR to TS 36.331 in [1], are included highlighted in green in this section.
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–	MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.
MobilityControlInfo information element
-- ASN1START

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 OR
	]], 
	[[	makeBeforeBreak-r14				ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-Skip-r14					RACH-Skip-r14 						OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoSCG-r12 ::=		SEQUENCE {
	t307-r12							ENUMERATED {
											ms50, ms100, ms150, ms200, ms500, ms1000,
											ms2000, spare1},
	ue-IdentitySCG-r12					C-RNTI							OPTIONAL,	-- Cond SCGEst,
	rach-ConfigDedicated-r12			RACH-ConfigDedicated			OPTIONAL,	-- Need OP
	cipheringAlgorithmSCG-r12		CipheringAlgorithm-r12		OPTIONAL,	-- Need ON
	...,
	[[	makeBeforeBreakSCG-r14			ENUMERATED {true}					OPTIONAL,	-- Need OR
		rach-SkipSCG-r14				RACH-Skip-r14 					OPTIONAL	-- Need OR
	]]

}

MobilityControlInfoV2X-r14 ::=	SEQUENCE {
	v2x-CommTxPoolExceptional-r14		SL-CommResourcePoolV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommRxPool-r14					SL-CommRxPoolListV2X-r14		OPTIONAL,		-- Need OR
	v2x-CommSyncConfig-r14				SL-SyncConfigListV2X-r14		OPTIONAL		-- Need OR
}

CarrierBandwidthEUTRA ::=			SEQUENCE {
	dl-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1},
	ul-Bandwidth						ENUMERATED {
												n6, n15, n25, n50, n75, n100, spare10,
												spare9, spare8, spare7, spare6, spare5,
												spare4, spare3, spare2, spare1}	OPTIONAL -- Need OP
}

CarrierFreqEUTRA ::=				SEQUENCE {
	dl-CarrierFreq						ARFCN-ValueEUTRA,
	ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL	-- Cond FDD
}

CarrierFreqEUTRA-v9e0 ::=			SEQUENCE {
	dl-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9,
	ul-CarrierFreq-v9e0					ARFCN-ValueEUTRA-r9			OPTIONAL	-- Cond FDD
}

RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		ptag-r14						NULL,
		pstag-r14						NULL,
		mcg-STAG-r14 					STAG-Id-r11,
		scg-STAG-r14 					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf1, sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16)),
		ul-GrantLastSFN-r14				BIT STRING (SIZE (10))  		OPTIONAL	-- Need OR
	}				OPTIONAL	-- Need OR
}


-- ASN1STOP

	MobilityControlInfo field descriptions

	additionalSpectrumEmission
For a UE with no SCells configured for UL in the same band as the PCell, the UE shall apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. For a UE with SCell(s) configured for UL in the same band as the PCell, the UE shall, in case all SCells configured for UL in that band are released after handover completion, apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, table 6.2.4-1].

	carrierBandwidth
Provides the parameters Downlink bandwidth, and Uplink bandwidth, see TS 36.101 [42].

	carrierFreq
Provides the EARFCN to be used by the UE in the target cell.

	cipheringAlgorithmSCG
Indicates the ciphering algorithm to be used for SCG DRBs. E-UTRAN includes the field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.

	dl-Bandwidth
Parameter: Downlink bandwidth, see TS 36.101 [42].

	drb-ContinueROHC
This field indicates whether to continue or reset, for this handover, the header compression protocol context for the RLC UM bearers configured with the header compression protocol. Presence of the field indicates that the header compression protocol context continues while absence indicates that the header compression protocol context is reset. E-UTRAN includes the field only in case of a handover within the same eNB.

	makeBeforeBreak 
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PCell, or through PUSCH to the target PCell while rach-Skip is configured.

	makeBeforeBreakSCG
Indicates whether the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target PSCell, or through PUSCH to the target PSCell while rach-SkipSCG is configured.

	mobilityControlInfoV2X
Indicates the sidelink configurations of the target cell for V2X sidelink communication during handover.

	numberOfConfUL-Processes 
The number of configured HARQ processes for preallocated uplink grant, see TS 36.321 [6, 5.x].

	rach-ConfigDedicated
The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].

	rach-Skip
This field indicates whether random access procedure for the target PCell is skipped.

	rach-SkipSCG
This field indicates whether random access procedure for the target PSCell is skipped.

	targetTA
This field refers to the timing adjustment indication, see TS 36.213 [23], indicating the NTA value which the UE shall use for the target PTAG of handover or the target PSTAG of SCG change. ta0 corresponds to NTA=0. ptag correponds to the latest NTA value of the source PTAG. pstag correponds to the latest NTA value of the source PSTAG. mcg-STAG correponds to the latest NTA value of a MCG STAG indicated by the STAG-Id. scg-STAG correponds to the latest NTA value of a SCG STAG indicated by the STAG-Id.

	t304
Timer T304 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on. EUTRAN includes extended value ms10000-v1310 only when UE supports CE.

	t307
Timer T307 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on.

	ul-Bandwidth
Parameter: Uplink bandwidth, see TS 36.101 [42, table 5.6-1]. For TDD, the parameter is absent and it is equal to downlink bandwidth. If absent for FDD, apply the same value as applies for the downlink bandwidth.

	ul-Grant
Indicates the resources of the target PCell/PSCell to be used for the uplink transmission of PUSCH [23, 8.x].

	ul-GrantLastSFN
This field indicates the System Frame Number (SFN) of the last radio frame that contains pre-allocated UL grants, as included in ul-Grant, for uplink transmission of PUSCH in the target PCell/PSCell. The indicated SFN corresponds to the SFN of the source PCell/PSCell. If ul-GrantLastSFN is not included, the UL grants provided within the rach-Skip/rach-SkipSCG are valid until expiry of timer T304/T307.

	ul-SchedInterval
Indicates the scheduling interval in uplink, see TS 36.321 [6, 5.x]. Value in number of sub-frames. Value sf1 corresponds to 1 sub-frame, sf2 corresponds to 2 sub-frames and so on.

	ul-SubframeStart
Indicates the subframe in which the UE may initiate the uplink transmission, see TS 36.321 [6, 5.x]. Value 0 corresponds to subframe number 0, 1 correponds to subframe number 1 and so on. The subframe indicating a valid uplink grant according to the calculation of UL grant configured by ul-SubframeStart and ul-SchedInterval, see TS 36.321 [6, 5.x], is the same across all radio frames. 

	v2x-CommRxPool
Indicates reception pools for receiving V2X sidelink communication during handover. 

	v2x-CommSyncConfig
Indicates synchronization configurations for performing V2X sidelink communication during handover.

	v2x-CommTxPoolExceptional
Indicates the transmission resources by which the UE is allowed to transmit V2X sidelink communication during handover.



	Conditional presence
	Explanation

	FDD
	The field is mandatory with default value (the default duplex distance defined for the concerned band, as specified in TS 36.101 [42]) in case of “FDD”; otherwise the field is not present.

	HO
	This field is optionally present, need OP, in case of handover within E-UTRA when the fullConfig is not included; otherwise the field is not present.

	HO-toEUTRA
	The field is mandatory present in case of inter-RAT handover to E-UTRA; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is absent if carrierFreq-v9e0 is present. Otherwise it is mandatory present in case of inter-RAT handover to E-UTRA and optionally present, need ON, in all other cases.

	SCGEst
	This field is mandatory present in case of SCG establishment; otherwise the field is optionally present, need ON.



…text omitted
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