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1. Introduction
At RAN2#105bis, we gave some initial analysis for the possibility of applying the 2-step RACH for the purpose of handover interruption reduction [1]. And we provided some comparisons of RACH-less HO with 2-step RACH at RAN2#106 [2]. Besides, comparisons of RACH-less HO with CFRA-based HO are discussed in [3]. From these analyses, there seems no obvious gain to introduce RACH-less HO in NR. However, there’s no explicit agreement about whether to introduce RACH-less HO in NR or not.
In this contribution, we try to share some further analysis to discuss whether to introduce RACH-less HO in NR.
2. [bookmark: OLE_LINK1]Discussion
According the objective of the NR_eMob WI [4], the following solutions are focused on reducing interruption time during HO/SCG:
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 


[bookmark: OLE_LINK3]At RAN2#106 [5], we have agreed to adopt a dual active protocol stack (DAPS) based solution in LTE, which allows simultaneous connectivity with source and target cell, to achieve 0ms or close 0ms user data interruption. In NR, although no final decision is made yet, nevertheless, a simultaneous connectivity based solution (or said dual active protocol stack based solution), e.g. either DC based or non-DC based would be introduced to reduce user plane interruption anyway. In other words, the 0ms or close to 0ms interruption can already be achieved by the applying of the dual active protocol stack based solutions.
Observation 1: The 0ms or close 0ms interruption can be achieved by the applying of the dual active protocol stack based solutions (e.g. DC based or non-DC based).
RACH-less handover introduced in LTE is limited only for the scenarios where TA is the same as the source (i.e. intra-site) or TA = 0 (i.e. small cell). It should be noted that during R14, there was a discussion to broad the application scenarios of the RACH-less handover with the adoption of some calculation based solutions (either UE based TA calculation or eNB based TA calculation) [6]. However, RAN4 indicated that the accuracy of TA can’t be met by UE calculated TA scheme in either synchronous or asynchronous network [7]. At RAN2#105, we sent another LS to RAN4&RAN1 [8] to consult whether the reply in [7] are applicable also for NR. After some discussion in RAN1, the initial conclusion[9] is that RACH-less HO can be applied at least for TA scenarios where target cell TA is zero or same as one of serving cell TA for FR1. However, whether RACH-less HO can be applied to FR2 and can be extended to scenarios with the other TA values in FR1 is still in further discussion. So extra efforts are needed in RAN4&RAN1 and it is most probable that the answer would be negative, i.e. the same conclusion for LTE applies also for NR.
Observation 2: Up to now, RACH-less HO can only be applied to the scenarios where the target cell TA is zero or same as one of serving cell TAs in FR1. Whether RACH-less HO can be applied to FR2 and can be extended to scenarios with the other TA values in FR1 is still in further discussion in RAN1 and RAN4.
[bookmark: OLE_LINK8]In LTE, if RACH-less HO is configured, the UE accesses the target via the pre-allocated UL-grant configured in the HO command. Alternatively, if no pre-allocated UL-grant is configured in the HO command, the UE monitors the PDCCH of the target cell. Generally speaking, the same mechanism can be reused in NR. However, the difference is that besides the time and frequency domain, an additional dimension (beam) is introduced in NR. So the pre-allocated UL-grant and the PDCCH scheduled UL-grant should be configured associated with SSB or CSI-RS, just as what we do for the configuration of CFRA resources. 
Besides that, how to perform beam selection during the RACH-less handover should be specified too. In the traditional random access procedure, the PRACH resources are configured associated with beams, e.g. SSB or CSI-RS. The UE selects a qualified beam (e.g. RSRP above the configured threshold) and sends Msg1 using the associated PRACH resource. The similar mechanism can be applied also for RACH-less handover. That is, the UE selects a qualified beam (e.g. SSB/CSI-RS with RSRP above the configured threshold) and accesses the target via the associated UL grant, e.g. the pre-allocated UL-grant configured in the HO command or the scheduled UL-grant monitored from the PDCCH.
In addition, in case the pre-allocated UL-grant is not configured in the HO command, the UE should monitor PDCCH for acquiring the UL-grant. To reduce the PDCCH monitoring efforts, in case the network is definitely sure that only a subset of beams (e.g. SSB or CSI-RS) needs to be monitored, the network can indicate the SSB/CSI-RS for monitoring to the UE. Typically, during the conventional handover, the target gNB would activate one of the TCI states via a MAC CE after handover. Then after that, the UE uses the activated TCI state for PDCCH monitoring. In case of RACH-less handover, new mechanisms should be introduced to indicate the activated TCI state(s). For example, explicitly indicated in the HO command or specified in the spec by default. Meanwhile, RAN 1 also thinks that whether any enhancement for UL grant indication compared to LTE RACH-less HO is needed should be further studied[9].
Observation 3: Besides acquiring TA, the UE should also achieve beam training with the target cell during handover. To achieve beam training, RAN2 and RAN1 should cooperate to figure out the following issues for RACH-less HO:
− How to configure pre-allocated UL-grant or how to schedule UL-grant;
− How to perform beam selection and how to indicate the activated TCI state(s);
Besides, it should be noted that there’s a relative long time between the HO preparation and HO execution. The beam information reported to the network may have been out of date during the HO execution. Thus, to avoid any unexpected interruption caused due to the out of dated beams in RACH-less HO, the network may need to configure pre-allocated UL-grant for all target SSB/CSI-RS as much as possible unless the target is very loaded. This is quite resource consuming. Similarly, in case no pre-allocated UL-grant is configured in the HO command, due to the fact that the beam information reported may have been out of date, the network may have to schedule UL-grants on all the possible beams, which is quite resource consuming too.
Observation 4: In RACH-less HO, pre-allocated UL-grant may need to be configured or UL-grant may need to be scheduled on all the target SSB/CSI-RS as much as possible for RACH-less handover, which is quite resource consuming.
As discussed above, pre-allocated UL-grant is configured or UL-grant is scheduled associated with SSB/CSI-RS. The UE performs beam selection and selects the associated UL-grant for the first uplink transmission. Fallback mechanism should be specified in case no qualified SSB/CSI-RS with associated UL-grant is identified. In the conventional handover procedure, in case no qualified SSB/CSI-RS with associated CFRA resources is identified, the UE would fall back to a CBRA procedure. The similar mechanism can be applied for the RACH-less handover. That is, in case no qualified SSB/CSI-RS with associated UL-grant is found, the UE should fallback to CBRA, which would result in a larger handover interruption instead.
Observation 5: In RACH-less HO, if the UE can’t identify any qualified SSB/CSI-RS with associated UL-grant, the UE may need to fall back to a RACH-based procedure, which would result in a larger handover interruption instead.
Additionally, unlike in LTE, only asynchronous uplink retransmission is defined in NR. So if to introduce RACH-less handover in NR, retransmission mechanism for the first uplink packet should be identified.
Observation 6: For RACH-less handover, retransmission mechanism for the first uplink packet should be identified.
[bookmark: OLE_LINK4][bookmark: _GoBack]Although only contention based RACH procedures for 2-step RACH is introduced in R16 to ensure the WI can be finalized in the expected time frame (and with the expected TU allocation), the CFRA 2-step RACH would be introduced at some point in time to further reduce the HO interruption time by avoiding any RACH collision. As discussed in our paper [1][2], with the application of 2-step RACH during handover, it is possible to reduce the interruption to the same level as RACH-less or even better, which would make the RACH-less HO procedure redundancy. 
Observation 7: The CFRA 2-step RACH would be introduced at some point in time, which would make the RACH-less HO procedure redundancy.
Given the above analysis, there’s no much benefit to introduce RACH-less HO in NR while the required specification efforts is not insignificant. We see no strong reason to introduce RACH-less HO in NR.   
Proposal 1: No need to specify RACH-less HO in NR.
3. Conclusion and proposals
In this contribution, we give some further analysis for the RACH-less handover with the following observations and proposals:
Observation 1: The 0ms or close 0ms interruption can be achieved by the applying of the dual active protocol solutions (e.g. DC based or non-DC based).
Observation 2: Up to now, RACH-less HO can only be applied to the scenarios where the target cell TA is zero or same as one of serving cell TAs in FR1. Whether RACH-less HO can be applied to FR2 and can be extended to scenarios with the other TA values in FR1 is still in further discussion in RAN1 and RAN4.
Observation 3: Besides acquiring TA, the UE should also achieve beam training with the target cell during handover. To achieve beam training, RAN2 and RAN1 should cooperate to figure out the following issues for RACH-less HO:
− How to configure pre-allocated UL-grant or how to schedule UL-grant;
− How to perform beam selection and how to indicate the activated TCI state(s);
Observation 4: In RACH-less HO, pre-allocated UL-grant may need to be configured or UL-grant may need to be scheduled on all the target SSB/CSI-RS as much as possible for RACH-less handover, which is quite resource consuming.
Observation 5: In RACH-less HO, if the UE can’t identify any qualified SSB/CSI-RS with associated UL-grant, the UE may need to fall back to a RACH-based procedure, which would result in a larger handover interruption instead.
Observation 6: For RACH-less handover, retransmission mechanism for the first uplink packet should be identified.
Observation 7: The CFRA 2-step RACH would be introduced at some point in time, which would make the RACH-less HO procedure redundancy.
Proposal 1: No need to specify RACH-less HO in NR.
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