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Introduction
During the RAN2#95bis meeting, the enhanced mobility procedures for LTE have been discussed and the following agreements were reached for RACH-less handover:
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.

The following agreements were reached for the RACH-less handover at the RAN2#95 meeting:
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.

This paper discusses the alignment of the UE and the target eNB during the RACH-less procedure.

[bookmark: _Ref178064866]Discussion
UL grants in target cell
[bookmark: _Toc462416535][bookmark: _Toc462421473][bookmark: _Toc462421475][bookmark: _Toc464992101]The target eNB may inform a UE that a RACH-less handover procedure shall be performed by including a RACH-less HO configuration in the RRCConnectionReconfiguration message (with MobilityControlInfo). The UE shall then perform the handover without the RACH procedure in the target cell and instead transmit the RRCConnectionReconfigurationComplete message on the PUSCH. The PUSCH resources are either pre-allocated UL grants in the RRCConnectionReconfiguration message or scheduled through the PDCCH in the target cell. To avoid wasting resources, the UL grants should only be pre-allocated for a limited time in the target cell.
It has been agreed that the UE is not required to read the MIB in the target cell (to get the SFN) prior to the initial transmission, since it would delay the handover procedure.
When the UE is pre-allocated UL grants in the RRCConnectionReconfiguration message, the target eNB and the UE need to be aligned on where the UL grants are allocated, i.e. in what frames/subframes the UE is granted its UL resources. It has thus been agreed to use UL grant periodicities where the UL grants are located in the same subframes in each radio frame.
The target eNB and the UE however also need to be aligned on for how long the UL grants are valid, i.e. at what point in time there are no longer any pre-allocated UL grants for the UE in the cell. Otherwise, if the target eNB has no longer any pre-allocated UL grants for the UE but the UE still considers itself to be granted UL resources, the UE will perform UL transmissions when it has not been allocated any resource, thus causing interference in the network.
[bookmark: _GoBack]In case the UE instead considers that there are no more UL grants pre-allocated for it even though the target eNB has still UL grants allocated for the UE, there will be a waste of resources and, unless the UE then performs a fallback to the RACH procedure, see [1], the handover success rate will be negatively impacted.

[bookmark: _Toc465070724][bookmark: _Toc465081590][bookmark: _Toc465944604]The UE and the target eNB need to be aligned on the point in time where there are no longer any pre-allocated UL grants for the UE in the target cell.

Alignment of UE and target eNB
To align the UE and the target eNB on the point in time where the UL grants are no longer valid, a common reference needs to be used. Some options that have been presented, such as the point in time where the UE receives the RRCConnectionReconfiguration message in the source cell or when the UE has synchronized to the target cell, are not known by the target eNB.
Two options for aligning the UE and target eNB on when the UL grants are no longer valid (in case no successful PUSCH transmission has been performed) can be identified:
1. Release the UL grants through downlink signalling in the target cell.
2. Give the position of the last allocated UL grant as an SFN value in the RRCConnectionReconfiguration message.
In option 1 the UE gets an explicit message that the UL grants are no longer valid. It is similar to using the PDCCH for scheduling of the UL grants, with the difference that it now is used to indicate that there are no more pre-allocated UL grants. Additional signalling would be required, especially since the target eNB does not know when the UE is able to receive the transmitted message. The target eNB may need to perform the additional signalling until the UE has successfully accessed the cell through a RACH procedure. A drawback with option 1 is also that the UE should check that the target eNB does not transmit any such "UL grant release" signalling prior to accessing the cell through the PUSCH, which causes an additional delay.
Option 2 is based on that the UE and the target eNB are aligned on radio frame level (SFN). Per existing agreement, the UE does not need to know the SFN of the target cell. This is however due to that the UE shall not be required to read the MIB in the target cell before accessing the target cell since it would delay the handover procedure. The UE however already knows the SFN of the source cell and the SFN values of the two cells are often the same and/or known by the target eNB. The source cell SFN may thus be used as a common reference between the UE and the target eNB.
The UE and the target eNB may thus be aligned by including, in the RRCConnectionReconfiguration message (with MobilityControlInfo) information about:
a. The validity of the UL grants on radio frame level as a source cell SFN; or
b. The difference between the target cell SFN and the source cell SFN, e.g. by including an offset to the SFN in the source cell. The validity of the UL grants on radio frame level would then be given as a target cell SFN.
When the UE and the target eNB are not aligned on a frame level, the UL grants must be identical in each radio frame. With the aligning of the UE and the target eNB in option 2, the use of UL grants that are different between the radio frames is possible, i.e. it is not required to allocate identical UL grants in each radio frame during the handover.
Considering that option 2 does not lead to any additional signalling and that the UE will receive the needed information already in the RRCConnectionReconfiguration message (with MobilityControlInfo), it is preferred to use it when it is possible. It is therefore proposed to optionally include an SFN value in the RRC message indicating on radio frame level when the UL grants are pre-allocated to the UE. The SFN value is then based on the source cell SFN.

[bookmark: _Toc465081484][bookmark: _Toc465081593][bookmark: _Toc465944607]The UL grant validity on radio frame level should be optionally included in the RRC message using an SFN value, which is based on the source cell SFN value.

In case the difference in SFN between the target and source cells is not known by the target eNB, the source cell SFN may not be used for alignment of the UE and target eNB. The end of the UL grant validity may then however still be based on the target cell SFN. Even though the UE is not required to read the MIB prior to accessing the target cell, it may still read it after synchronizing to the cell. After having read the MIB the target cell SFN will thus be available by the UE and, provided that the UL grants are pre-allocated for a long enough time period to cover the MIB reading, the end of the UL grant validity may thus be given as a target SFN value.

[bookmark: _Toc465081594][bookmark: _Toc465944608]Provided that the UL grants are pre-allocated for a long enough time period (covering the MIB reading), the end of the UL grant validity on radio frame level may be given using the target cell SFN.

Conclusion
Based on the discussion we have the following observations and proposals. 
Observation 1	The UE and the target eNB need to be aligned on the point in time where there are no longer any pre-allocated UL grants for the UE in the target cell.

Proposal 1	The UL grant validity on radio frame level should be optionally included in the RRC message using an SFN value, which is based on the source cell SFN value.
Proposal 2	Provided that the UL grants are pre-allocated for a long enough time period (covering the MIB reading), the end of the UL grant validity on radio frame level may be given using the target cell SFN.
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