Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2#105bis	Tdoc R2- 1903513
Xi’an, China, 4th – 8th April 2019	  Revision of R2-1900403
Agenda Item:	11.9.2.2
Source:	Ericsson
Title:	RACH-less handover in NR
Document for:	Discussion, Decision
Introduction
In RAN#80 in June 2018, a new WI was approved [1] to further enhance NR mobility, targeting 0 ms interruption time during handover as well as improved mobility robustness. One of the objectives of the Work Item is to study solution(s) to reduce interruption time during HO/SCG change with a focus on the following solutions:
· Handover/SCG change with simultaneous connectivity with source cell and target cell;
· Make-before-break;
· RACH-less handover.
RACH-less handover/SCG change was introduced as part of the mobility enhancements in LTE Rel-14 and consists of that Msg1 and Msg2 are skipped in the target cell. The UE’s first transmission in the target cell is instead the message confirming the completion of the handover, i.e. RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR (i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover). It is not possible to achieve a 0 ms interruption time through a RACH-less handover (or SCG change) on its own, but it can be used to decrease the interruption time in some scenarios. In this contribution we discuss different aspects to consider, if RACH-less handover and SCG change are to be introduced in NR.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
RACH-less HO/SCG change in LTE Rel-14
RACH-less handover and SCG change was introduced as part of the mobility enhancements in LTE Rel-14. The feature consists of that Msg1 and Msg2 are skipped when the UE accesses the target cell and the first transmission is instead the message confirming the completion of the handover, i.e. RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR (i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover). A UE is configured with a RACH-less handover through the inclusion of rach-Skip-r14 in the MobilityControlInfo IE in the RRCConnectionReconfiguration message. rach-Skip-r14 has the contents as seen below, i.e. a Timing Advance (TA) value and optionally configured (pre-allocated) UL grants for the UE’s first transmission in the target cell.
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-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 {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}


The pre-allocated UL grants can be allocated with a periodicity of every 2nd, 5th or 10th subframe, as configured with ul-SchedInterval-r14. Once the UE has entered the target cell it will thus be able to transmit the RRCConnectionReconfigurationComplete message in the first available pre-allocated UL grant, where the typical interruption thus will depend on the periodicity of the UL grants. The more frequent the allocations, the shorter interruption times will thus typically be achieved.
If pre-allocated UL grants for RRCConnectionReconfigurationComplete message transmission are not configured in the RRCConnectionReconfiguration message, the UE is instead provided with UL grants through PDCCH scheduling in the target cell without preceding scheduling request.
The RACH-less configuration is valid until successful HO completion or until expiry of T304/T307. It is not known by the target eNB when the UE successfully receives the RRCConnectionReconfiguration message and it does therefore not know exactly when the UE starts timer T304/T307. Since the UE is not required to read the target cell MIB during the handover procedure in LTE, there is no alignment between the UE and the target eNB on radio frame level. The periodicities for pre-allocated UL grants in LTE Rel-14 are therefore restricted to values that are consistent in all radio frames, i.e. every 2nd, 5th or 10th subframe. Each pre-allocated UL grant also has to have the same configuration.
Since the Timing Advance (TA) value to use in the target cell cannot be determined through the RACH procedure, the UE is provided with the TA value through the RRCConnectionReconfiguration message. The support for RACH-less handover and RACH-less SCG change is thus limited to cells where the TA value is known, i.e. to cells that have the same TA value as a current PCell, PSCell or SCell or to small cells where the TA is always 0.
1. [bookmark: _Toc1033747]In LTE the target cell SFN value is not available during the handover procedure.
1. [bookmark: _Toc1033748]In LTE Rel-14, there is no alignment on radio frame level for the RACH-less configuration. The pre-allocated UL grants are thus allocated with a periodicity of either 2, 5 or 10 subframes during the whole time period, with the same configuration for each UL grant.
1. [bookmark: _Toc1033749]In LTE Rel-14 RACH-less HO/SCG change is supported to a target cell where the TA is the same as a current cell (PCell, PSCell or SCell) or a target cell where the TA is known to be 0.
[bookmark: _Ref180715]RACH-less HO in NR
Alignment of RACH-less configuration
In NR the UE acquires the MIB of the target cell during a handover, if the timing information is not already available, as specified in sub-clause 5.3.5.5.2 in 38.331:
…
1>	acquire the MIB, which is scheduled as specified in TS 38.213 [13];
1>	perform the actions specified in clause 5.2.2.4.1;
NOTE 1:	The UE should perform the reconfiguration with sync as soon as possible following the reception of the RRC message triggering the reconfiguration with sync, which could be before confirming successful reception (HARQ and ARQ) of this message.
NOTE 2:	The UE may omit reading the MIB if the UE already has the required timing information, or the timing information is not needed for random access.
…
The target gNB and the UE are thus aligned on radio frame level at a handover in NR. For a RACH-less handover (or SCG change) the same MIB acquisition should be performed, whereby the RACH-less configuration, including e.g. the pre-allocated UL grants, can be aligned between the UE and the target gNB.
1. [bookmark: _Toc1033750]In NR, the UE acquires the target cell SFN value during or prior to the handover procedure.
[bookmark: _Toc536621054][bookmark: _Toc536621990][bookmark: _Toc275956][bookmark: _Toc423990][bookmark: _Toc429825][bookmark: _Toc796354][bookmark: _Toc799821][bookmark: _Toc964527][bookmark: _Toc970849][bookmark: _Toc976074][bookmark: _Toc976562][bookmark: _Toc1033753]If RACH-less HO is introduced in NR, the UE should acquire the MIB (PBCH) of the target cell just as for a normal HO. The RACH-less configuration in the target cell should then be aligned between the UE and the target gNB on both slot and radio frame level, based on the target cell SFN value.
UL grant provision
As described above, there are two different alternatives defined for provision of the UL grants needed for transmission of the RRCConnectionReconfigurationComplete message in the LTE Rel-14 RACH-less HO/SCG change. If RACH-less HO is to be introduced in NR, it should be discussed whether both alternatives should be specified also in NR or if the solution should be restricted to only one of them.
When the UL grants are pre-allocated, the UE will be able to transmit in the first available UL grant after the UE has entered the target cell and is ready for transmission. This interruption then depends on the periodicity of the pre-allocated UL grants and through a very frequent allocation it would be possible to achieve a very short interruption. The drawback is then however that a lot of UL grants need to be pre-allocated, which can limit the use of the feature in some scenarios.
The PDCCH scheduling alternative has an additional delay from the PDCCH scheduling to the actual UL grant allocation, which causes a slightly longer interruption. In addition, a PDCCH resource is used for each UL grant allocation. The UL grant allocation via PDCCH scheduling is instead more flexible and can thus be more useful at e.g. high load scenarios or in case of several simultaneous RACH-less handovers/SCG changes to the same cell.
There are some different benefits and drawbacks with each alternative. We therefore propose that RAN2 discuss whether both should be supported, if RACH-less HO/SCG change is introduced in NR.
[bookmark: _Toc536621987][bookmark: _Toc275957][bookmark: _Toc423991][bookmark: _Toc429826][bookmark: _Toc796355][bookmark: _Toc799822][bookmark: _Toc964528][bookmark: _Toc970850][bookmark: _Toc976075][bookmark: _Toc976563][bookmark: _Toc1033754]RAN2 should discuss whether both alternatives for UL grant provision in RACH-less HO/SCG change should be supported in NR.
In LTE UL grants are allocated on subframe level and correspondingly the pre-allocated UL grants for RACH-less HO/SCG change are allocated on subframe level. In NR, UL grant allocations are however not on subframe level but instead either slot-based or non-slot based (on symbol level). Pre-allocated UL grants for RACH-less HO/SCG change in NR should therefore be configured on a corresponding level and it is proposed to do it on slot level (i.e. the periodicity of pre-allocated UL grants should be expressed in slots).
[bookmark: _Toc536621989][bookmark: _Toc275958][bookmark: _Toc423992][bookmark: _Toc429827][bookmark: _Toc796356][bookmark: _Toc799823][bookmark: _Toc964529][bookmark: _Toc970851][bookmark: _Toc976076][bookmark: _Toc976564][bookmark: _Toc1033755]Pre-allocated UL grants for RACH-less HO/SCG change should be configured on slot level in NR, i.e. the periodicity should be expressed in slots.
As described in previous sections, there are limitations on what UL grant pre-allocation periodicities that can be used in LTE Rel-14, due to that the UE and the target eNB are not aligned on radio frame level. It is there also not clear for the target eNB when the UE may enter the target cell (and thus consider the pre-allocated UL grants as valid) and until UE considers the pre-allocated UL grants as invalid, due to expire of timer T304, which causes  HO failure (T304 expiry).
As discussed in 2.2.1, through the MIB acquisition at a handover in NR the UE and the target gNB are aligned on radio frame level. It is therefore possible to configure specific points in time where the RACH-less configuration starts and ends. This would thus decrease the overallocation needed for UL grants and remove the risk that the UE transmits the RRCReconfigurationComplete message in resources that the target gNB has allocated to another UE. After the configured ending point of the RACH-less configuration, and the UE has still not transmitted the RRCReconfigurationComplete message, the UE should use the RACH procedure instead if T304 has not yet expired. A starting point for the validity of the RACH-less HO/SCG change configuration – specifically the UL grant pre-allocation – could be useful in case the UE is configured to maintain its source cell connection even after reception of the HO Command, such as with make-before-break.
Through the alignment on radio frame level during the handover procedure that is achieved in NR through MIB acquisition, pre-allocated UL grants do not need to have the same position within each radio frame, which means that it is possible to define further (or different) periodicities than the ones in LTE. This will anyway need to be done since the pre-allocated UL grants should be configured on slot level. Support of further patterns for pre-allocated UL grants, if introduced in NR, should therefore be considered.
[bookmark: _Toc536621056][bookmark: _Toc536621992][bookmark: _Toc275960][bookmark: _Toc423994][bookmark: _Toc429829][bookmark: _Toc796358][bookmark: _Toc799824][bookmark: _Toc964530][bookmark: _Toc970852][bookmark: _Toc976077][bookmark: _Toc976565][bookmark: _Toc1033756]It should be possible to configure starting and ending points in time for the RACH-less configuration (including pre-allocated UL grants in the target cell, if configured), using target cell SFN values. 
[bookmark: _Toc799825][bookmark: _Toc964531][bookmark: _Toc970853][bookmark: _Toc976078][bookmark: _Toc976566][bookmark: _Toc1033757][bookmark: _Toc536621057][bookmark: _Toc536621993][bookmark: _Toc275961][bookmark: _Toc423995][bookmark: _Toc429830][bookmark: _Toc796359]If the handover has not been completed at the ending point in time for the RACH-less configuration, the UE should use the RACH procedure (unless T304 has expired).
[bookmark: _Toc536621055][bookmark: _Toc536621991][bookmark: _Toc275959][bookmark: _Toc423993][bookmark: _Toc429828][bookmark: _Toc796357][bookmark: _Toc799826][bookmark: _Toc964532][bookmark: _Toc970854][bookmark: _Toc976079][bookmark: _Toc976567][bookmark: _Toc1033758]RAN2 should consider support of further patterns for pre-allocated UL grants in NR (compared to LTE Rel-14).
Supported scenarios
The same issues related to uplink timing are present in NR as for LTE and therefore also the same restrictions on support of RACH-less HO/SCG change, i.e. only to target cells where the TA value of the target cell is known at the point in time of transmission of the RRCReconfiguration message.
In the LTE Rel-14 solution this corresponds to target cells where the TA value is known to be the same as for a current cell or where the TA value is known to be 0 (small cell). The same restrictions can thus be assumed for NR, if RACH-less HO/SCG change is introduced. For future extensions it should however be considered to support that the target gNB sets a specific TA value that is different from TA=0 and the TA value(s) used for current cell(s). This allows the gNB to configure RACH-less HO/SCG change in other scenarios where the TA value is known by the network.
[bookmark: _Toc536621988][bookmark: _Toc275963][bookmark: _Toc423997][bookmark: _Toc429832][bookmark: _Toc796361][bookmark: _Toc799827][bookmark: _Toc964533][bookmark: _Toc970855][bookmark: _Toc976080][bookmark: _Toc976568][bookmark: _Toc1033759]RAN2 should assume that the same limitations on supported scenarios for RACH-less HO/SCG change as in LTE Rel-14 should be present in NR. It should however be considered to support that the network can set a specific TA value that is different from 0 and the TA value(s) used for current cell(s).
Beam aspects for RACH-less HO/SCG change configuration
In case RACH-less handover/SCG change is configured using PDCCH scheduling of UL grants, the target gNB will need to transmit the corresponding PDCCH in the direction where the UE is located, in order to reach the UE. In case the position of the UE is not known on single DL beam level, the gNB may then need to perform sweeping of those transmissions in different DL beams, with a resulting increase in interruption time during the handover.
If a RACH-less handover/SCG change is configured with pre-allocated UL grants, the UE should transmit in those UL grants using a TX beam that is directed towards the gNB using e.g. beam correspondence. If the gNB however only supports analogue RX beamforming, it may then however still need to perform RX sweeping in the pre-allocated resources in order to receive the transmissions. This may thus also cause longer interruptions and repetitions of the first message transmission from the UE in the target cell.
In case the RACH-less HO/SCG change configuration can be restricted to a single or a few DL beam(s), the need for beam sweeping in the above cases can be avoided or limited. In a case where the UE then ends up in a different DL beam, without RACH-less HO/SCG change configuration, it should use the RACH procedure instead. Since the best DL beam can be determined from the UE’s measurement results from the target cell (before the handover/SCG change decision), and this can be indicated to the target gNB in the XnAP Handover Request message, it is possible for the target gNB to determine what beam(s) to include in the RACH-less configuration.
1. [bookmark: _Toc1033751]PDCCH scheduling of UL grants will need to be transmitted in each direction (beam) where the UE may be located.
1. [bookmark: _Toc1033752]A gNB supporting only analogue RX beamforming may need to perform RX beam sweeping in the pre-allocated UL grants to receive the transmission of the RRCReconfigurationComplete message from the different directions where the UE may be located.
[bookmark: _Toc536602830][bookmark: _Toc536621059][bookmark: _Toc536621995][bookmark: _Toc275964][bookmark: _Toc423998][bookmark: _Toc429833][bookmark: _Toc796362][bookmark: _Toc799828][bookmark: _Toc964534][bookmark: _Toc970856][bookmark: _Toc976081][bookmark: _Toc976569][bookmark: _Toc1033760]It should be possible to limit the validity of the RACH-less HO/SCG change configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO/SCG change configuration, it uses the RACH-procedure instead.

Conclusion
In the previous sections we have made the following observations:
Observation 1	In LTE the target cell SFN value is not available during the handover procedure.
Observation 2	In LTE Rel-14, there is no alignment on radio frame level for the RACH-less configuration. The pre-allocated UL grants are thus allocated with a periodicity of either 2, 5 or 10 subframes during the whole time period, with the same configuration for each UL grant.
Observation 3	In LTE Rel-14 RACH-less HO/SCG change is supported to a target cell where the TA is the same as a current cell (PCell, PSCell or SCell) or a target cell where the TA is known to be 0.
Observation 4	In NR, the UE acquires the target cell SFN value during or prior to the handover procedure.
Observation 5	PDCCH scheduling of UL grants will need to be transmitted in each direction (beam) where the UE may be located.
Observation 6	A gNB supporting only analogue RX beamforming may need to perform RX beam sweeping in the pre-allocated UL grants to receive the Msg3 transmission from the different directions where the UE may be located.
Based on the discussion in the previous sections we propose the following, in the case that RACH-less handover and/or SCG change is introduced in NR:
Proposal 1	If RACH-less HO is introduced in NR, the UE should acquire the MIB (PBCH) of the target cell just as for a normal HO. The RACH-less configuration in the target cell should then be aligned between the UE and the target gNB on both slot and radio frame level, based on the target cell SFN value.
Proposal 2	RAN2 should discuss whether both alternatives for UL grant provision in RACH-less HO/SCG change should be supported in NR.
Proposal 3	Pre-allocated UL grants for RACH-less HO/SCG change should be configured on slot level in NR, i.e. the periodicity should be expressed in slots.
Proposal 4	It should be possible to configure starting and ending points in time for the RACH-less configuration (including pre-allocated UL grants in the target cell, if configured), using target cell SFN values.
Proposal 5	If the handover has not been completed at the ending point in time for the RACH-less configuration, the UE should use the RACH procedure (unless T304 has expired).
Proposal 6	RAN2 should consider support of further patterns for pre-allocated UL grants in NR (compared to LTE Rel-14).
Proposal 7	RAN2 should assume that the same limitations on supported scenarios for RACH-less HO/SCG change as in LTE Rel-14 should be present in NR. It should however be considered to support that the network can set a specific TA value that is different from 0 and the TA value(s) used for current cell(s).
Proposal 8	It should be possible to limit the RACH-less configuration to a single or a few DL beam(s). If the UE enters a DL beam with no RACH-less configuration it then uses the RACH-procedure instead.
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