Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2#105bis	Tdoc R2- 1904543
Xi’an, China, 4th – 8th April 2019	  
Agenda Item:	11.9.2.2
Source:	Ericsson
Title:	Comparison of RACH-less HO with CFRA-based HO
Document for:	Discussion
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 compare RACH-less HO/SCG change with CFRA-based HO and discuss which improvements that can be achieved.
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[bookmark: _GoBack]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). In NR this would correspond to RRCReconfigurationComplete being the first message the UE transmits in the target cell.
In the absence of a random access procedure in the target cell, UL transmission resources for the UE’s first message in the target cell are allocated either through pre-allocated UL grants or UL grants dynamically allocated through the PDCCH in the target cell without preceding scheduling request. If pre-allocated UL grants are configured, these are periodic UL transmission resources allocated in the RRCConnectionReconfiguration or RRCReconfiguration message constituting the HO Command. The pre-allocated UL grants potentially achieves shorter interruption, since the PDCCH allocation adds some additional delay, but PDCCH allocation is more flexible.
Since the random access procedure, and therefore also the Random Access Response message is skipped in the target cell when RACH-less HO/SCG change is used, the target gNB cannot determine a precise timing advance (TA) for the UE and provide it to the UE in the Random Access Response. Hence, RACH-less HO/SCG change is limited to scenarios where the TA is known beforehand. In practice, this means scenarios where the TA in the target cell is the same as in one of the UE’s current cells (PCell, PSCell or SCell) or when the target cells is so small that the TA can be assumed to always be 0.
As previously mentioned, the purpose of the RACH-less HO/SCG change is to reduce the interruption time caused by the HO/SCG change. Therefore, it is of interest to make a qualitative comparison between RACH-less HO/SCG change and the baseline, which would be regular handover, where CFRA-based handover would be the most relevant comparison object.
With CFRA-based regular HO, the UE can switch to the target cell immediately after receiving the HO Command. It then has to wait for the first available RACH occasion (which also may be subject to association with SSB or CSI-RS beam), where it can transmit its allocated CFRA preamble. Then it waits for the Random Access Response, where the Random Access Response window starts immediately after the UE has transmitted its preamble, so this waiting time depends on the processing time in the gNB and the PDCCH search space configuration for Random Access Response. The Random Access Response contains the UL grant which allocates UL transmission resources where the UE can transmit the RRCReconfigurationComplete message, so as a last delay, the UE has to wait the time between the reception of the Random Access Response and the UL transmission resources allocated by the UL grant in the Random Access Response.
With RACH-less HO, the UE does not have to wait for RACH occasions and it does not have to wait for a Random Access Response and the delay between the Random Access Response and the UL transmission resources allocated by the UL grant in the Random Access Response. Hence, the UE can save some interruption time. On the other hand, the UE has to wait for the first UL grant, whether it is pre-allocated or allocated via PDCCH (where pre-allocated UL grants have the potential to achieve the smallest interruption). 
In both regular HO and RACH-less HO, the UE may need some time for internal operations, such as retuning, possible resynchronization and beam selection (in case previously acquired target cell synchronization and beam selection cannot be used). That is, any such additional interruption delays are the same in both cases.
Hence, the difference in interruption time between RACH-less HO and regular CFRA HO boils down to the delay between the preamble transmission and the Random Access Response and between the Random Access Response and the therein allocated UL transmission resources. On top of that, the interruption time is affected by how frequently RACH occasions and pre-allocated UL grants are configured. Pre-allocated UL grants could be configured very densely (if the load in the target cell allows it). However, in principle, RACH occasions may also be very densely allocated in the HO Command, so this may not be a distinguishing feature. In addition, when CFRA-based HO is used, it would be possible for the target gNB to schedule the UE on the PDCCH (i.e. scrambled with the UE’s C-RNTI rather than the RA-RNTI) as soon as the gNB receives the CFRA preamble, i.e. even before transmitting the Random Access Response, which potentially may reduce the HO interruption even further, although this potential gain is uncertain.
In view of the above, it seems like the potential interruption reduction that can be achieved with RACH-less HO compared to regular CFRA-based HO is rather small, if RACH occasion configuration and Random Access Response search space are configured with the goal do minimize the HO interruption.
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With this in mind, it may be questioned whether the potentially achievable gains of RACH-less HO/SCG change are enough to motivate the specification and implementation effort, especially if enhanced make-before-break is specified, with its potential to (in principle) achieve 0 ms interruption of the data flow.
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Conclusion
In the previous sections we have made the following observations:
Observation 1	The potential interruption reduction that can be achieved with RACH-less HO compared to regular CFRA-based HO is rather small, if RACH occasion configuration and Random Access Response search space are configured with the goal do minimize the HO interruption.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should consider and discuss whether the potentially achievable gains of RACH-less HO/SCG change compared to CFRA-based handover are enough to motivate the specification and implementation effort, especially if enhanced make-before-break is specified.
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