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Introduction
In RAN#80 in June 2018, a new WI was approved [1] to further enhance LTE mobility, targeting ~0ms (close to 0ms) interruption time during handover as well as improved mobility robustness.
One of the mobility enhancement solutions that were introduced for LTE in Rel-14 is RACH-less handover, where Msg1 and Msg2 are skipped in the target cell in order to minimize the handover interruption time. The UE then instead starts with the Msg3 transmission, i.e. the RRCConnectionReconfigurationComplete message, in the target cell. The corresponding solution was also introduced for SCG change.
In this contribution we discuss enhancements to increase the robustness of the RACH-less handover.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
RACH-less HO
RACH-less HO was introduced in LTE Rel-14 in order to reduce the handover interruption time, which is achieved by skipping the PRACH preamble transmission and RAR messages in the target cell during the handover. Some objectives of these transmissions in the RACH procedure are to:
· obtain Timing Advance (TA) value for the UE in the cell;
· provide the UE with a UL grant;
· obtain correct UL power level in the cell.
At a RACH-less HO the UE is therefore instead provided with TA value, initial power level and UL grants through the RRCConnectionReconfiguration message with MobilityControlInfo (the HO Command). The UL grants are then used for transmission of the RRCConnectionReconfigurationComplete message (HO Complete) in the target cell. The UL grants can also be dynamically provided through PDCCH scheduling in the target cell, but this leads to an additional interruption.
[bookmark: _Ref525650200]When the UL grants are provided through the RRCConnectionReconfiguration message with MobilityControlInfo, they are pre-allocated with an interval of either 2, 5 or 10ms. There are then UL grants pre-allocated to the UE until successful HO completion, or until the HO has failed (expiry of T304).
Failure cases for RACH-less HO
At reception of the RRCConnectionReconfiguration message with MobilityControlInfo, the UE initiates the handover and then starts timer T304. Timer T304 is then used for supervision of the whole handover procedure and when it expires the UE initiates the RRC connection re-establishment procedure. If the UE is configured with a RACH-less HO in the RRCConnectionReconfiguration message (with MobilityControlInfo), the RACH-less configuration is valid until expiry of T304, i.e. during the whole handover. Failure of the RACH-less procedure will thus always lead to a RRC connection re-establishment procedure, with an additional interruption for the UE.
1. [bookmark: _Toc528175327]The RACH-less configuration is valid for the whole handover procedure, i.e. until expiry of T304.
1. [bookmark: _Toc528175328]Failure of the RACH-less HO leads to RRC connection re-establishment procedure.

Since the UE timing advance value and the initial UL power level, which are used at a RACH-less HO, are not based on a RACH procedure in the cell, there is an increased risk for HO failure. The UE timing advance may e.g. not be up to date or the used UL power level might not be sufficient at the time of transmission. In case of dynamic scheduling of the UL grants, there is e.g. also a risk that the UE only enters the cell when UL grants are no longer scheduled to it.
When the UE is provided pre-allocated UL grants through the RRCConnectionReconfiguration message, these UL resources cannot be used for any other UE. There may then be even up to hundreds of UL grants that are wasted in case of a RACH-less HO failure, depending on the interval of UL grants and the setting of T304.
Since the target eNB does not know when the RRCConnectionReconfiguration message is successfully received by the UE (in the source cell), it does not know when the UE starts timer T304. The target eNB does therefore not know for how long the UE considers itself to have pre-allocated UL grants, and the target eNB therefore needs to keep UL grants reserved for an additional “guard time”.
1. [bookmark: _Toc528175329]Using RACH-less HO may increase the HO failure rate, which then leads to a large waste in resources.
Fallback to RACH procedure
In case there is an issue with the RACH-less part of the HO, the UE should perform the RACH procedure in the target cell instead of waiting for expiry of T304. A fallback to using the RACH procedure (as for an ordinary handover) in the target cell should therefore be supported if the HO is not successful. This fallback should then be performed before expiry of timer T304, which should still supervise the whole handover procedure. The RACH-less part of the handover procedure should then be limited to a shorter time interval.
In cases where the RACH-less part of the handover procedure is not successful, the interruption for the UE will then be shortened compared to waiting until expiry of T304.
It can be noted that the UE can already be provided with dedicated random access parameters in the same RRCConnectionReconfiguration message that configures a RACH-less handover.
[bookmark: _Toc528173541][bookmark: _Toc528174626][bookmark: _Toc528175330]Support fallback to use the RACH procedure in the target cell before expiry of T304. Timer T304 is still used to supervise the whole handover procedure.

An alternative for when to trigger the fallback in the UE is to introduce an additional timer for it, i.e. that the UE starts both T304 and such an additional timer when it receives the RRCConnectionReconfiguration message configuring RACH-less HO. However, in order to avoid waste of UL resources the point in time for the fallback should instead be known by both the UE and the target eNB. That way no unnecessary UL grants allocated will be reserved for the UE when it has already been triggered to initiated the RACH procedure. If possible, the fallback should therefore occur at a certain point time, which is known by both the target eNB and the UE, e.g. at a specific SFN.
[bookmark: _Toc464991720][bookmark: _Toc465885194][bookmark: _Toc465889619][bookmark: _Toc465889738][bookmark: _Toc466036239][bookmark: _Toc466045593][bookmark: _Toc528173542][bookmark: _Toc528174627][bookmark: _Toc528175331]The fallback to use the RACH procedure in the target cell should be triggered at a specific point in time, which is known by both the target eNB and the UE.

Conclusion
In the previous sections we have made the following observations:
Observation 1	The RACH-less configuration is valid for the whole handover procedure, i.e. until expiry of T304.
Observation 2	Failure of the RACH-less HO leads to RRC connection re-establishment procedure.
Observation 3	Using RACH-less HO may increase the HO failure rate, which then leads to a large waste in resources.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Support fallback to use the RACH procedure in the target cell before expiry of T304. Timer T304 is still used to supervise the whole handover procedure.
Proposal 2	The fallback to use the RACH procedure in the target cell should be triggered at a specific point in time, which is known by both the target eNB and the UE.
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